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of Maxwell's equations for gravitomagnetism.
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1. Introduction

Modern ideas about the Coriolis force [1] are as follows:
• Coriolis force is in no way associated with any interaction of the
body in question with other bodies,
• Coriolis force is determined by the choice of a specific non-inertial
reference system.
• Coriolis force is not physical strength and does not do work.
Roughly speaking, the Coriolis force acting on a body appears
because another body rotates at a certain speed next to this body. Our
body does not interact with this body and therefore "does not know" the
magnitude of this speed, but the Coriolis force depends on this speed. The
mass of this other body and the distance to it does not matter. Coriolis
force doesn't do the job but
5
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• a freely falling body deviates,
• rails of one-way railways wear out unevenly,
• long-range artillery shells deviate from the calculated trajectory, etc.
So,

•
•
•
•

there is an inertial reference system rotating with the angular
velocity vector 𝜔𝜔
�,
there is a non-inertial reference system that does not interact with
the non-inertial reference system,
in a non-inertial system, a body of mass 𝑚𝑚 moves at a speed 𝑣𝑣,
in this case, the Coriolis force acting on the body perpendicular to
the velocity 𝑣𝑣 is observed, which is determined by the formula
𝐹𝐹�𝐾𝐾 = −2𝑚𝑚(𝜔𝜔
� × 𝑣𝑣).
(0)

This force is observed as fictitious from a non-inertial reference
frame, as, for example, in the experiment with the Foucault pendulum. But
the same force is also observed from the inertial reference system, such as,
for example, the real destructive force of a riverbank. Observation can be
carried out even from the third system, in which the non-inertial reference
system rotates, in which the inertial reference system is located, as in the
experiment [5]. In this case, we observe how in a non-inertial system a
fictitious force physically draws a spiral ... Therefore, the Coriolis force
cannot be considered fictitious and explained by the features of observer
perceptions.

Fig. 1.
It is necessary to try to find the physical connection of a real rotating
system with a body moving in or near this system.
It is further shown that the Coriolis force is detected as a
consequence of Maxwell's equations for gravitomagnetism. These
equations exist in the vicinity of a gravitating body (Earth). Consequently,
the Coriolis force can arise only in the vicinity of such a body and cannot
6
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be in the open Cosmos. The Coriolis force is a full-fledged force doing the
work. The energy spent on this work is delivered by a gravitating body.

2. Interaction of moving electric charges

Let's consider fig. 2, where at points A and B two charges 𝑞𝑞1 and 𝑞𝑞2
are shown, moving with speeds 𝑣𝑣1 and 𝑣𝑣2 , respectively. It is known that
the magnetic induction of the field created by the charge 𝑞𝑞2 at the point
where the charge 𝑞𝑞1 is currently located is
𝐵𝐵 = 𝑞𝑞2 (𝑣𝑣2 × 𝑟𝑟)⁄𝑟𝑟 3 .
(1)

A

V1

R

r
B

fi

a

o

V2

Fig. 2.
In this case, the vector 𝑟𝑟 is directed from the point where the moving
charge 𝑞𝑞1 is located. Lorentz force acting on the charge 𝑞𝑞1 ,
𝐹𝐹12 = 𝑞𝑞1 �𝑣𝑣1 × 𝐵𝐵�.
(2)
or
𝐹𝐹12 = 𝑞𝑞1 𝑞𝑞2 �𝑣𝑣1 × (𝑣𝑣2 × 𝑟𝑟)�⁄(𝑟𝑟 3 ).
(3)
In fig. 2 also shows the vectors 𝑎𝑎 and 𝑅𝑅, and the vector 𝑎𝑎 makes the angle
𝜑𝜑 with the horizontal axis ox and
𝑟𝑟 = 𝑅𝑅 − 𝑎𝑎.
(4)
7
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First, we consider the case when all these vectors lie in the horizontal
plane oy, and we denote the projections of all vectors by the subscript
coordinate. Then the vector
𝑤𝑤 = (𝑣𝑣2 × 𝑟𝑟) = 𝑧𝑧̅�𝑣𝑣2𝑥𝑥 𝑟𝑟𝑦𝑦 − 𝑣𝑣2𝑦𝑦 𝑟𝑟𝑥𝑥 �,
(5)
where 𝑧𝑧̅ is the unit vector of the vertical axis. Denote
𝑤𝑤𝑧𝑧 = �𝑣𝑣2𝑥𝑥 𝑟𝑟𝑦𝑦 − 𝑣𝑣2𝑦𝑦 𝑟𝑟𝑥𝑥 �.
(6)
Then
𝑤𝑤 = 𝑧𝑧̅𝑤𝑤𝑧𝑧 .
(7)
If the charge 𝑞𝑞2 rotates around point O with an angular velocity 𝜔𝜔, then
the vector
𝜋𝜋

(8)

𝑣𝑣2 = 𝜔𝜔𝑎𝑎�exp �𝑖𝑖 2 �
is tangent to a circle with radius 𝑎𝑎. Wherein
𝜋𝜋

𝜋𝜋

𝑤𝑤𝑧𝑧 = 𝜔𝜔𝑎𝑎 �cos �𝜑𝜑 + 2 � 𝑟𝑟𝑦𝑦 − sin �𝜑𝜑 + 2 � 𝑟𝑟𝑥𝑥 �

or

𝑤𝑤𝑧𝑧 = −𝜔𝜔𝑎𝑎�sin(𝜑𝜑)𝑟𝑟𝑦𝑦 + cos(𝜑𝜑)𝑟𝑟𝑥𝑥 �.
From (3, 5) we get:
𝐹𝐹12 = 𝑞𝑞1 𝑞𝑞2 (𝑣𝑣1 × 𝑤𝑤)⁄(𝑟𝑟 3 )
or, taking into account (7, 10),
𝑤𝑤
𝐹𝐹12 = 𝑞𝑞1 𝑞𝑞2 𝜔𝜔 �𝑣𝑣1 × 𝑧𝑧̅ 𝑧𝑧 ��(𝑟𝑟 3 ).
𝜔𝜔

(9)
(10)
(11)
(12)

Suppose now that 𝑞𝑞2 is the density of charges located uniformly on
the entire horizontal plane, and this plane rotates with an angular velocity
𝜔𝜔 around point O. Moreover, the linear velocity 𝑣𝑣2 of each point is
determined by (8).
We find the force acting from such a charged and rotating plane on
the charge 𝑞𝑞1 :
или
where

𝐹𝐹� = � 𝐹𝐹12 𝑑𝑑𝜑𝜑𝑑𝑑𝑑𝑑 = � �𝑞𝑞1 𝑞𝑞2 𝜔𝜔 �𝑣𝑣1 × 𝑧𝑧̅
𝜑𝜑,𝑎𝑎

𝜑𝜑,𝑎𝑎

𝐹𝐹� = 𝑞𝑞1 𝑞𝑞2 (𝑣𝑣1 × 𝜔𝜔
�𝑊𝑊),
𝜔𝜔
� = 𝑧𝑧̅𝜔𝜔,

𝑊𝑊 = ∫𝜑𝜑,𝑎𝑎
From (15, 10) we find:
∞

𝑤𝑤𝑧𝑧 ⁄𝜔𝜔
𝑟𝑟 3

2𝜋𝜋

𝑑𝑑𝜑𝜑𝑑𝑑𝑑𝑑.

𝑤𝑤𝑧𝑧
��(𝑟𝑟 3 )� 𝑑𝑑𝜑𝜑𝑑𝑑𝑑𝑑
𝜔𝜔

(13)
(14)
(15)

𝑊𝑊 = − ∫0 𝑎𝑎 �∫0 �sin(𝜑𝜑)𝑟𝑟𝑦𝑦 + cos(𝜑𝜑)𝑟𝑟𝑥𝑥 �𝑟𝑟 −3 𝑑𝑑𝜑𝜑� 𝑑𝑑𝑑𝑑, (16)
where 𝑟𝑟 is determined by (4):
8
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𝑟𝑟𝑥𝑥 = 𝑅𝑅𝑥𝑥 − 𝑎𝑎cos(𝜑𝜑), 𝑟𝑟𝑦𝑦 = 𝑅𝑅𝑦𝑦 − 𝑎𝑎sin(𝜑𝜑),
(17)
𝑎𝑎𝑥𝑥 = 𝑎𝑎cos(𝜑𝜑), 𝑎𝑎𝑦𝑦 = 𝑎𝑎sin(𝜑𝜑).
(18)
Integration according to these formulas gives a remarkable result:
the value of 𝑊𝑊 does not depend on 𝑅𝑅 and, as the upper limit tends to ∞,
approaches to
𝑊𝑊 ≈ −45.
(19)
Therefore, formula (13) can be written as
𝐹𝐹� = 𝑞𝑞1 𝑞𝑞2 𝑊𝑊(𝑣𝑣1 × 𝜔𝜔
�),
(20)
You can notice an analogy between the formulas for the force (20)
and for the Coriolis force.

3. The interaction of a rotating electric charge
with a motionless field of electric charges

We now consider the electric charge 𝑞𝑞1 , which rotates above the
field of electric charges. Coulomb forces from the side of a rotating charge
should rotate the field of electric charges. In this case, the problem reduces
to the previous one: indeed, the charge 𝑞𝑞1 moves above the rotating field
of electric charges. For the identity of these problems, we must also assume
that the field of charges does not have its own rotation or the speed of this
rotation is significantly less than the speed of rotation of the charge 𝑞𝑞1 .
Thus, in this case too, we can use the formula (20). The linear velocity 𝑣𝑣1
of the charge 𝑞𝑞1 and its angular velocity 𝜔𝜔 are related by the formula
𝑣𝑣1 = 𝑅𝑅𝜔𝜔,
(20a)
where 𝑅𝑅 is the radius of rotation of the charge 𝑞𝑞1 . Combining (20, 20a) we
find:
𝐹𝐹 = 𝑞𝑞1 𝑞𝑞2 𝑊𝑊𝑅𝑅𝜔𝜔2 .
(20b)
One can notice an analogy between the formulas for force (20b) and
for centrifugal force.

3. Maxwell's equations for gravitomagnetism
and Coriolis force

In [2], the author proposes a new solution of Maxwell's equations
for gravitomagnetism, which is used to construct mathematical models of
various natural phenomena (sand vortex, sea currents, whirlpool, funnel,
water soliton, water and sand tsunami, turbulent flows, additional (nonNewtonian) interaction forces celestial bodies). All of these models use
the concept of mass currents as flows of particles of mass. The velocity of
mass particles can be very small and often their flux can be invisible as
9

Physics

well as the flux of electrons. But the existence of these phenomena and
the possibility of constructing the indicated mathematical models similar
to mathematical models of direct current in electrodynamics [4] confirm
the assumption of the existence of mass currents and the interaction of
mass particles, which is completely analogous to the interaction of electric
charges.
Based on this, it can be assumed that the rotation of the body is
accompanied by a mass current, similar to how the rotation of a charged
body is accompanied by convection electric current. Eichenwald [3]
showed that such a current creates magnetic induction. Based on the
complete analogy between the Maxwell equations for electrodynamics and
gravitomagnetism [2], it can be argued that when the body rotates,
gravitomagnetic induction is created. A mass 𝑚𝑚 moving in a gravimagnetic
field with speed 𝑣𝑣 is affected by the gravitomagnetic Lorentz force (an
analog of the Lorentz magnetic force).
Based on the foregoing, we rewrite formula (20) obtained above for
the interaction of electric charges, as applied to the interaction of mass
charges:
𝐹𝐹� = 𝑊𝑊𝑝𝑝𝑝𝑝(𝑣𝑣 × 𝜔𝜔
�),
(21)
where
𝑚𝑚, 𝑣𝑣 are mass and speed of a moving body,
𝑊𝑊 ≈ −45,
𝑝𝑝 is the surface density of masses as elements of mass current,
𝜔𝜔
� is the angular velocity of rotation of the plane on which these
elements are evenly distributed.
Comparing formulas (0, 21), we find that
−2 = 𝑊𝑊𝑊𝑊,
whence it follows that mass density
𝑚𝑚𝑚𝑚
2
𝑘𝑘𝑘𝑘
𝑝𝑝 = − 𝑊𝑊 ≈ 0.044 𝑚𝑚2 = 4.4 ∙ 10−5 𝑠𝑠𝑠𝑠2 .

(22)
(23)

“Let me,” - the attentive reader will be surprised. “Do you reject the
Coriolis theory and at the same time use its formula?” I can only join in his
surprise and be even more surprised that such different methods of
reasoning led to the same formulaic result! Nevertheless, the conclusion of
the mass density (23) can be accepted only if there is a reliable
experimental verification of the coefficient “2” in the formula (0) of the
Coriolis force.
10
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The used method of deriving the Coriolis force proves the reality,
not the fictitiousness of this force, and discovers the source of power for
this force - the Earth's gravitational field.

5. Centrifugal force

As shown in section 3, the rotation of a charged plane under a
moving charge can be replaced by the rotation of a charge above a charged
plane. Then in formula (20) 𝜔𝜔
� is the vector of the angular velocity of a
rotating charge, the linear velocity of this charge
𝑣𝑣1 = 𝑅𝑅𝜔𝜔.
(24)
When applying formula (20b) to the interaction of mass charges, we obtain
𝐹𝐹� = 𝑊𝑊𝑝𝑝𝑝𝑝𝜔𝜔2 𝑅𝑅.
(25)
This formula is different from the centrifugal force formula
𝐹𝐹�С = 𝑚𝑚𝜔𝜔2 𝑅𝑅,
(26)
only by a coefficient. By analogy with the previous one, we find the mass
density
𝑚𝑚𝑚𝑚
1
𝑘𝑘𝑘𝑘
𝑝𝑝 = − 𝑊𝑊 ≈ 0.022 𝑚𝑚2 = 2.2 ∙ 10−5 𝑠𝑠𝑠𝑠2 .
(27)
Thus, the nature of the centrifugal force is the same as the nature of
the Coriolis force, and the source of power for this force is the Earth's
gravitational field
1.
2.

3.
4.

5.
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Equations of motion of a single charge
in vacuum
Annotation

The motion of a single electric charge in a vacuum in the
absence of any electromagnetic fields is considered. The system
of Maxwell equations for this case is solved and it is shown that
an electric charge with kinetic energy moves in a vacuum along a
spiral path with a deceleration caused by the expenditure of
energy on the magnetization reversal of the surrounding space.
Consider a single charge moving in a vacuum where there are no
electromagnetic fields. Such a charge moves in a straight line at a constant
speed. It is known that such a charge does not emit electromagnetic waves
and does not consume energy for this process. However, a magnetic field
is created around it, which is formed anew in each new position of the
charge. This process requires energy consumption. Indeed, let us assume
that the charge moves near a body made of magnetically soft material.
Changes in the magnetic field in it cause magnetization reversal of the
material, which consumes energy. This energy was expended by a moving
charge. Therefore, the energy for restructuring the magnetic field is always
consumed by the moving charge. Based on this premise, we consider a
mathematical model of the motion of a single charge in a vacuum.
First of all, consider the system of Maxwell equations for such a
charge. Following Eichenwald [1], the motion of a charge 𝑞𝑞 with a speed
𝑣𝑣 can be considered equivalent to an electric current
𝐼𝐼 = 𝑞𝑞𝑞𝑞.
(1)
Therefore this movement is described in the same way as direct current see appendix. This means that the charge cannot move strictly linearly, but
moves in a spiral. Together with the charge, the flow of energy moves,
equal in this case to the kinetic energy of the charge. This energy flow
corresponds to the Lorentz force
𝑆𝑆𝑆𝑆
𝐹𝐹 = 𝜌𝜌 ,
(3)
24T

24T
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where 𝜇𝜇, 𝜌𝜌 are absolute magnetic permeability and resistance to charge
movement. Its origin will be shown below.
This force acts on the charges in the body of the wire. In our case,
the flow of energy moves with the charge, and the Lorentz force acts on
this charge. The flow of energy is known to be equal to power. Therefore,
the power of the charge movement
𝑃𝑃 = 𝑆𝑆𝑏𝑏,
(4)
where 𝑏𝑏 is the charge cross-sectional area. On the other hand, it is known
that the power
𝑃𝑃 = 𝐹𝐹𝐹𝐹𝐹𝐹,
(5)
where 𝑉𝑉 is charge volume. From (3, 4, 5) we find:
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑃𝑃 = 𝜌𝜌𝜌𝜌
(6)
or

𝜌𝜌𝜌𝜌

(6а)

𝑣𝑣 = 𝜇𝜇𝜇𝜇,

where 𝜇𝜇, 𝜌𝜌 are absolute magnetic permeability of vacuum and electrical
resistivity to charge movement. This resistance is caused by the fact that
the charge spends energy on the reformation of the electric field. On the
third hand, it is known that power
𝑃𝑃 = 𝜌𝜌𝐼𝐼 2 .
(7)
From (1, 6, 7) we find:
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
= 𝜌𝜌(𝑞𝑞𝑞𝑞)2 .
(8)
𝜌𝜌𝜌𝜌
Hence,

1

𝑆𝑆𝑆𝑆𝑆𝑆

𝜌𝜌 = 𝑞𝑞 � 𝑣𝑣𝑣𝑣 .

(9)

Finally, the power 𝑃𝑃 is the power with which the kinetic energy of
the charge is consumed, i.e.
𝑃𝑃 = 𝑚𝑚𝑚𝑚𝑚𝑚,
(10)
where 𝑚𝑚, 𝑎𝑎 are the mass and acceleration of the charge. From (5, 10, 3, 4,
6a, 9) we find:
𝐹𝐹𝐹𝐹𝐹𝐹
𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆 𝜌𝜌𝜌𝜌
𝑆𝑆 𝑏𝑏
𝑎𝑎 = 𝑚𝑚 = 𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚 𝜇𝜇𝜇𝜇 = 𝑚𝑚 𝑉𝑉.
(11)

Thus, an electric charge with kinetic energy moves in a vacuum along
a spiral path with a deceleration caused by the expenditure of energy on
the magnetization reversal of the surrounding space.

13
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Application. Mathematical model of direct current
(summary according to [2])

In modeling, we will use the cylindrical coordinates 𝑟𝑟, 𝜑𝜑, 𝑧𝑧 in the SI
system.
Maxwell's equations for a DC wire are:

where

(а)
(b)
(с)
(d)

rot(𝐽𝐽) = 0,
rot(𝐻𝐻) − 𝐽𝐽 − 𝐽𝐽𝑜𝑜 = 0,
div(𝐽𝐽) = 0,
div(𝐻𝐻) = 0,

• the main current with a density 𝐽𝐽𝑜𝑜 transmitted through the wire
to the load,
• additional currents with density 𝐽𝐽 = �𝐽𝐽𝑟𝑟 , 𝐽𝐽𝜙𝜙 , 𝐽𝐽𝑧𝑧 �,
• magnetic strengths 𝐻𝐻 = �𝐻𝐻𝑟𝑟 , 𝐻𝐻𝜙𝜙 , 𝐻𝐻𝑧𝑧 �.
Equations (a-d) for cylindrical coordinates have the form:
𝐻𝐻𝑟𝑟

𝜕𝜕𝐻𝐻𝑟𝑟

+

1

+ 𝑟𝑟 ⋅

𝑟𝑟
𝜕𝜕𝜕𝜕
𝜕𝜕𝐻𝐻𝜙𝜙
1 𝜕𝜕𝐻𝐻𝑧𝑧

⋅

−

𝑟𝑟 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝐻𝐻𝑟𝑟
𝜕𝜕𝐻𝐻𝑧𝑧
𝜕𝜕𝜕𝜕
𝐻𝐻𝜙𝜙
𝑟𝑟
𝐽𝐽𝑟𝑟

−

𝜕𝜕𝜕𝜕
𝜕𝜕𝐻𝐻𝜙𝜙

+

+

𝜕𝜕𝜕𝜕
𝜕𝜕𝐽𝐽𝑟𝑟

1

𝑟𝑟 𝜕𝜕𝜙𝜙
𝜕𝜕𝑧𝑧
𝜕𝜕𝐽𝐽𝑟𝑟
𝜕𝜕𝐽𝐽𝑧𝑧
𝜕𝜕𝑧𝑧
𝐽𝐽𝜙𝜙
𝑟𝑟

−

+

𝜕𝜕𝑟𝑟
𝜕𝜕𝐽𝐽𝜙𝜙
𝜕𝜕𝑟𝑟

= 𝐽𝐽𝑟𝑟 ,

1

− 𝑟𝑟 ⋅

+ 𝑟𝑟 ⋅

−

𝜕𝜕𝜕𝜕

+

= 𝐽𝐽𝜙𝜙 ,

𝑟𝑟
𝜕𝜕𝜕𝜕
𝜕𝜕𝐽𝐽𝜙𝜙
1 𝜕𝜕𝐽𝐽𝑧𝑧

⋅

𝜕𝜕𝐻𝐻𝜙𝜙

𝜕𝜕𝜕𝜕

𝜕𝜕𝐽𝐽𝜙𝜙
𝜕𝜕𝜕𝜕

= 0,

= 0,
1

𝜕𝜕𝐻𝐻𝑟𝑟

+

𝜕𝜕𝐻𝐻𝑧𝑧
𝜕𝜕𝜕𝜕

= 0,

= 𝐽𝐽𝑧𝑧 + 𝐽𝐽о ,
𝜕𝜕𝐽𝐽𝑧𝑧
𝜕𝜕𝜕𝜕

𝜕𝜕𝐽𝐽

− 𝑟𝑟 ⋅ 𝜕𝜕𝜙𝜙𝑟𝑟 = 0.

= 0,

see (d)

(1)

see (b)

(2)

see (b)

(3)

see (b)

(4)

see (с)

(5)

see (a)

(6)

see (a)

(7)

see (a)

(8)

To shorten the notation, we will use the following notation:
co = cos( 𝛼𝛼𝜑𝜑 + 𝜒𝜒𝜒𝜒),
(10)
si = sin( 𝛼𝛼𝜑𝜑 + 𝜒𝜒𝜒𝜒),
(11)
where 𝛼𝛼, 𝜒𝜒 are some constants. For these equations, there is a solution that
has the following form:
𝐽𝐽𝑟𝑟 = 𝑗𝑗𝑟𝑟 co,
(12)
𝐽𝐽𝜑𝜑 = 𝑗𝑗𝜑𝜑 si,
(13)
𝐽𝐽𝑧𝑧 = 𝑗𝑗𝑧𝑧 si,
(14)
𝐻𝐻𝑟𝑟 = ℎ𝑟𝑟 co,
(15)
𝐻𝐻𝜑𝜑 = ℎ𝜑𝜑 si,
(16)
𝐻𝐻𝑧𝑧 = ℎ𝑧𝑧 si,
(17)
14
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where 𝑗𝑗(𝑟𝑟), ℎ(𝑟𝑟) are known functions of the 𝑟𝑟 coordinate. At a given 𝑟𝑟,
all currents and magnetic strengths are on helical lines. In fig. 1 shows three
helical lines described by current functions (10, 11) with projections 𝐽𝐽𝜑𝜑 and
𝐽𝐽𝑧𝑧 at 𝑟𝑟 = const. These projections are determined by (13, 14), i.e. depend
on the function si. In fig. 1 shows a thick line at 𝛼𝛼 = 2,, 𝜒𝜒 = 0.8, a middle
line at 𝛼𝛼 = 0.5,, 𝜒𝜒 = 0.8 and a thin line at 𝛼𝛼 = 2, 𝜒𝜒 = 1.6.
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The flux density of electromagnetic energy - the Poynting vector is
determined in this case by the formula:
𝑆𝑆 = 𝐸𝐸 × 𝐻𝐻.
(18)
The currents correspond to the electric strengths of the same name, i.e.
𝐸𝐸 = 𝜌𝜌 ⋅ 𝐽𝐽,
(19)
where 𝜌𝜌 is the electrical resistivity. Combining (18, 19), we get:
𝜌𝜌
𝑆𝑆 = 𝜌𝜌𝜌𝜌 × 𝐻𝐻 = 𝜇𝜇 𝐽𝐽 × 𝐵𝐵.
(20)
The magnetic Lorentz force acting on all charges of the conductor in a unit
volume - the volume density of the Lorentz force is
From (20, 21) we find:

(21)

𝐹𝐹 = 𝐽𝐽 × 𝐵𝐵.

𝐹𝐹 = 𝜇𝜇 𝑆𝑆⁄𝜌𝜌.

(22)

Consequently, in a direct current wire, the density of the Lorentz
magnetic force is proportional to the Poynting vector.
So, a current with a density 𝐽𝐽 creates a flow of energy with a density
𝑆𝑆 that is identical to the Lorentz magnetic force with a density 𝐹𝐹 . This
Lorentz force acts on charges moving in a current 𝐽𝐽 in a direction this
15
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current. Therefore, it can be argued that the Poynting vector creates an
emf. in the conductor.
In cylindrical coordinates, the electromagnetic energy flux density
(3) has three components 𝑆𝑆𝑟𝑟 , 𝑆𝑆𝜙𝜙 , 𝑆𝑆𝑧𝑧 directed along the radius, along the
circumference, along the axis, respectively:
where

𝐽𝐽𝜙𝜙 𝐻𝐻𝑧𝑧 − (𝐽𝐽𝑧𝑧 + 𝐽𝐽о )𝐻𝐻𝜙𝜙
𝑆𝑆𝑟𝑟
𝑆𝑆
𝑆𝑆 = � 𝜙𝜙 � = 𝜌𝜌(𝐽𝐽 × 𝐻𝐻) = 𝜌𝜌 � 𝐽𝐽𝑧𝑧 𝐻𝐻𝑟𝑟 − 𝐽𝐽𝑟𝑟 𝐻𝐻𝑧𝑧 + 𝐽𝐽𝑜𝑜 𝐻𝐻𝑟𝑟 �.
𝐽𝐽𝑟𝑟 𝐻𝐻𝜙𝜙 − 𝐽𝐽𝜙𝜙 𝐻𝐻𝑟𝑟 + 𝐽𝐽𝑟𝑟 𝐻𝐻𝑜𝑜𝑜𝑜
𝑆𝑆𝑧𝑧
𝐻𝐻𝑜𝑜𝑜𝑜 = 𝐽𝐽𝑜𝑜 𝑟𝑟.

(23)

(24)

So, streams of electromagnetic energy circulate in the wire. They are
internal. They are generated by currents and magnetic strengths created by
these currents. In turn, these flows act on currents as Lorentz forces. In
this case, the total energy of these flows is partially spent on heat losses
but mainly transferred to the load.
Longitudinal energy flow 𝑆𝑆𝑧𝑧 . equal to the power 𝑃𝑃 transmitted
through the wire:
𝑃𝑃 = 𝑆𝑆𝑧𝑧 .
(25)
This power varies along the wire because part of the energy is spent on
heat loss. With a known energy flux and geometric dimensions of the wire,
the constants 𝛼𝛼, 𝜒𝜒 can be found.

Thus, it is shown that there is such a solution of Maxwell's equations
for a wire with direct current, which corresponds to the concept of
• the law of conservation of energy,
• helical path of direct current in the wire,
• transferring energy along and inside the wire,
• dependence of the helical trajectory density on the transmitted
power.
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Radiation of a uniformly moving charge
Annotation

It is generally accepted that a uniformly moving charge does not
radiate. At the same time, Cherenkov-Vavilov radiation is known,
which arises in a medium (but not in a vacuum), when a charge moves
at a speed exceeding the speed of light in this medium. The energy for
such radiation is extracted from the medium under the action of a
particle moving in it. Below we will consider the rectilinear and
uniform motion of a charge that moves in a vacuum and which has
no other source of energy other than its own kinetic energy. It will be
shown how from Maxwell's equations it follows that the flow of
energy (its radiation) moves with the charge.
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1. Introduction

It is generally accepted that a uniformly moving charge does not
radiate. At the same time, it is known that a uniformly moving charge emits
in a medium (but not in a vacuum) - this is Cherenkov-Vavilov radiation,
which is experimentally observed when a charge moves with a speed (in a
medium) exceeding the speed of light in this medium. This radiation is
explained as radiation of the medium under the action of a particle moving
in it [1].
In [4], the author showed that there is a solution to Maxwell's
equations for a charge that moves uniformly in vacuum and does NOT
radiate. Below, such a solution will be obtained in a different way and it
17
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will be shown that the charge energy flux, i.e. its radiation, moves with the
charge.

2. Statement of the problem

Here we will use the method for solving Maxwell's equations
proposed in [3]. The Maxwell equations in the CGS system of the
following form are considered:
𝜇𝜇 𝜕𝜕𝐻𝐻
(1)
rot(𝐸𝐸) + 𝑐𝑐 𝜕𝜕𝑡𝑡 = 0,
4𝜋𝜋

where

𝜀𝜀 𝜕𝜕𝜕𝜕

rot(𝐻𝐻) + 𝑐𝑐 𝐽𝐽 − 𝑐𝑐 𝜕𝜕𝜕𝜕 = 0,
div(𝐸𝐸) = 4𝜋𝜋𝜋𝜋,
div(𝐻𝐻) = 0,

(2)
(3)
(4)

𝐻𝐻, 𝐸𝐸 is magnetic and electrical strengths, respectively,
𝐽𝐽 is current density,
𝜌𝜌 is the charge density.

We will use cylindrical coordinates 𝑟𝑟, 𝜙𝜙, 𝑧𝑧, and consider the
movement of charge 𝑞𝑞 along the 𝑜𝑜𝑧𝑧 axis. We will denote as 𝑧𝑧𝑜𝑜 , 𝑧𝑧 the
current, and analyzed coordinates of the point, respectively. The charge v
is located at the point 𝑧𝑧𝑜𝑜 , therefore the charge density is determined
through the delta function, i.e.
𝜌𝜌 = 𝑞𝑞 ∙ 𝛿𝛿(𝑧𝑧𝑜𝑜 − 𝑧𝑧),
(5)
𝐽𝐽 = 𝑣𝑣𝑣𝑣,
(6)
where 𝑣𝑣 is the speed of the charge.
To shorten the notation, we will further use the following notation:
co = cos( 𝛼𝛼𝛼𝛼 + 𝜒𝜒 ∙ 𝛿𝛿(𝑧𝑧𝑜𝑜 − 𝑧𝑧)),
(7)
si = sin( 𝛼𝛼𝛼𝛼 + 𝜒𝜒 ∙ 𝛿𝛿(𝑧𝑧𝑜𝑜 − 𝑧𝑧)),
(8)
where 𝛼𝛼, 𝜒𝜒 are some constants. Wherein
𝜕𝜕co
𝜕𝜕𝜕𝜕

where

= 0 if 𝑧𝑧 = 𝑧𝑧𝑜𝑜 .

We represent the unknown functions in the following form:
𝐻𝐻𝑟𝑟 . = ℎ𝑟𝑟 (𝑟𝑟)co,
𝐻𝐻𝜙𝜙 . = ℎ𝜑𝜑 (𝑟𝑟)𝑠𝑠𝑠𝑠,
𝐻𝐻𝑧𝑧 . = ℎ𝑧𝑧 (𝑟𝑟)𝑠𝑠𝑠𝑠,
𝐸𝐸𝑟𝑟 . = 𝑒𝑒𝑟𝑟 (𝑟𝑟)𝑠𝑠𝑠𝑠,
𝐸𝐸𝜙𝜙 . = 𝑒𝑒𝜑𝜑 (𝑟𝑟)co,
𝐸𝐸𝑧𝑧 . = 𝑒𝑒𝑧𝑧 (𝑟𝑟)co,
18

(9)

(11)
(12)
(13)
(14)
(15)
(16)
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• 𝐸𝐸𝑟𝑟 , 𝐸𝐸𝜙𝜙 , 𝐸𝐸𝑧𝑧 is electrical strengths,
• 𝐻𝐻𝑟𝑟 , 𝐻𝐻𝜙𝜙 , 𝐻𝐻𝑧𝑧 is magnetic strengths,
• ℎ(𝑟𝑟), 𝑒𝑒(𝑟𝑟) are some functions of coordinate r ,
A rigorous proof that Maxwell's equations with electric charges
defined by the delta function can be represented in this form is given in [2,
Sections 6, 9.6.7].
In the system of cylindrical coordinates, equations (1-4) are:
𝐸𝐸𝑟𝑟

1

𝑟𝑟

⋅

+

𝜕𝜕𝐸𝐸𝑟𝑟

𝜕𝜕𝐸𝐸𝑧𝑧

𝜕𝜕𝜕𝜕

−

1

𝜕𝜕𝐸𝐸𝜙𝜙

+ ⋅
𝑟𝑟

𝜕𝜕𝐸𝐸𝜙𝜙

+

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜇𝜇 𝑑𝑑𝐻𝐻𝑟𝑟

=

𝑟𝑟 𝜕𝜕𝜕𝜕
𝑐𝑐 𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕
𝜕𝜕𝐸𝐸𝑟𝑟
𝜕𝜕𝐸𝐸𝑧𝑧
𝜇𝜇 𝑑𝑑𝐻𝐻𝜙𝜙

−

=

,

𝑐𝑐 𝑑𝑑𝑑𝑑
1 𝜕𝜕𝐸𝐸𝑟𝑟
+
− ⋅
𝑟𝑟 𝜕𝜕𝜕𝜕
𝑟𝑟
𝜕𝜕𝜕𝜕
𝐻𝐻𝑟𝑟
𝜕𝜕𝐻𝐻𝑟𝑟
1 𝜕𝜕𝐻𝐻𝜙𝜙
𝜕𝜕𝜕𝜕
𝐸𝐸𝜙𝜙

+

𝜕𝜕𝜕𝜕
𝜕𝜕𝐸𝐸𝜙𝜙

+ ⋅

𝑟𝑟
𝑟𝑟
𝜕𝜕𝜕𝜕
𝜕𝜕𝐻𝐻𝜙𝜙
1 𝜕𝜕𝐻𝐻𝑧𝑧
𝐻𝐻𝜙𝜙
𝑟𝑟

⋅

+

−

𝜕𝜕𝐸𝐸𝑧𝑧

,

=
+

=

𝜕𝜕𝜕𝜕
𝜕𝜕𝐻𝐻𝜙𝜙
𝜕𝜕𝜕𝜕

−

=

𝑐𝑐 𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕
1 𝜕𝜕𝐻𝐻𝑟𝑟
4𝜋𝜋

− ⋅
𝑟𝑟

𝜕𝜕𝜕𝜕

+

𝑐𝑐

см. (1)

(18)

см. (1)

(19)

см. (1)

(20)

см. (4)

(21)

см. (2)

(22)

см. (2)

(23)

см. (2)

(24)

𝜇𝜇 𝑑𝑑𝐻𝐻𝑧𝑧

𝑐𝑐 𝑑𝑑𝑑𝑑
𝜕𝜕𝐻𝐻𝑧𝑧

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜀𝜀 𝑑𝑑𝐸𝐸𝑟𝑟

𝑟𝑟 𝜕𝜕𝜕𝜕
𝑐𝑐 𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕
𝜕𝜕𝐻𝐻𝑟𝑟
𝜕𝜕𝐻𝐻𝑧𝑧
𝜀𝜀 𝑑𝑑𝐸𝐸𝜑𝜑

= 4𝜋𝜋𝜋𝜋, см. (3)

S

,

,

= 0,

,

𝐽𝐽 =

𝜀𝜀 𝑑𝑑𝐸𝐸𝑧𝑧
𝑐𝑐 𝑑𝑑𝑑𝑑

.

(17)

By direct substitution, one can make sure that functions (11-16)
transform the system of equations (17-24) with four arguments 𝑟𝑟, 𝜙𝜙, 𝑧𝑧, 𝑡𝑡
into a system of equations with one argument r and unknown functions
ℎ(𝑟𝑟), 𝑒𝑒(𝑟𝑟). This system of equations is as follows:
𝑒𝑒𝑟𝑟 (𝑟𝑟)
𝑟𝑟

+ 𝑒𝑒𝑟𝑟′ (𝑟𝑟) −
1

𝑒𝑒𝜙𝜙 (𝑟𝑟)
𝑟𝑟

𝛼𝛼 − 𝜒𝜒 ⋅ 𝑒𝑒𝑧𝑧 (𝑟𝑟) −

− ⋅ 𝑒𝑒𝑧𝑧 (𝑟𝑟)𝛼𝛼 + 𝜒𝜒 ⋅ 𝑒𝑒𝜙𝜙 (𝑟𝑟) −
𝑟𝑟

𝑒𝑒𝑟𝑟 (𝑟𝑟)𝜒𝜒 − 𝑒𝑒𝑧𝑧′ (𝑟𝑟) +

𝑒𝑒𝜙𝜙 (𝑟𝑟)
𝑟𝑟
ℎ𝑟𝑟 (𝑟𝑟)
1

𝑟𝑟

+ 𝑒𝑒𝜙𝜙′ (𝑟𝑟) −

+ ℎ𝑟𝑟′ (𝑟𝑟) +

𝜇𝜇𝜇𝜇

𝑐𝑐
𝑒𝑒𝑟𝑟 (𝑟𝑟)

𝑟𝑟
ℎ𝜙𝜙 (𝑟𝑟)
𝑟𝑟

𝜇𝜇𝜇𝜇
𝑐𝑐

ℎ𝜙𝜙 = 0,

⋅ 𝛼𝛼 +

𝜇𝜇𝜇𝜇
𝑐𝑐

4𝜋𝜋
𝜀𝜀

ℎ𝑟𝑟 = 0,

ℎ𝑧𝑧 = 0,

𝛼𝛼 − 𝜒𝜒 ⋅ ℎ𝑧𝑧 (𝑟𝑟) = 0,
𝜀𝜀𝜀𝜀

ℎ (𝑟𝑟) ∝ −𝜒𝜒ℎ𝜑𝜑 (𝑟𝑟) − 𝑒𝑒𝑟𝑟 (𝑟𝑟) = 0,
𝑟𝑟 𝑧𝑧
𝑐𝑐
𝜀𝜀𝜀𝜀
ℎ𝑟𝑟 (𝑟𝑟)𝜒𝜒 − ℎ̇𝑧𝑧 (𝑟𝑟) + 𝑒𝑒𝜑𝜑 (𝑟𝑟) = 0,
19

𝑐𝑐

𝜌𝜌 = 0, (25)

(26)

(27)

(28)
(29)
(30)
(31)
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−ℎ (𝑟𝑟)
𝜀𝜀𝜀𝜀
4𝜋𝜋
+ℎ̇𝜑𝜑 (𝑟𝑟) + 𝑟𝑟 ∝ + 𝑒𝑒𝑧𝑧 (𝑟𝑟) + 𝐽𝐽 = 0. (32)
𝑐𝑐

𝑟𝑟

𝑐𝑐

We will seek a solution to these equations under the assumption that

ℎ𝑟𝑟 = 𝑘𝑘𝑘𝑘𝑟𝑟 ,
ℎ𝜑𝜑 = −𝑘𝑘𝑒𝑒𝜑𝜑 ,
ℎ𝑧𝑧 = −𝑘𝑘𝑒𝑒𝑧𝑧 .

(33)
(34)
(35)

In [3, Chapter 2] it is shown that in this case the energy flux densities
satisfy the energy conservation law.

We change the variables according to (33-35) in equations (25-32)
and rewrite them:
𝑒𝑒𝑟𝑟
𝑟𝑟

−

+ 𝑒𝑒̇𝑟𝑟 −

𝑒𝑒𝑧𝑧

𝑒𝑒𝜑𝜑
𝑟𝑟

𝛼𝛼 − 𝜒𝜒𝑒𝑒𝑧𝑧 −

𝛼𝛼 + 𝜒𝜒𝑒𝑒𝜑𝜑 −

𝑟𝑟

−𝑒𝑒̇𝑧𝑧 + 𝜒𝜒𝑒𝑒𝑟𝑟 − 𝑘𝑘
𝑒𝑒𝜑𝜑
𝑟𝑟

𝑘𝑘

𝑒𝑒𝑟𝑟

+ 𝑒𝑒̇𝜑𝜑 −

𝑒𝑒𝑟𝑟
𝑟𝑟

−𝑘𝑘

𝑟𝑟

𝑟𝑟

𝑒𝑒𝜑𝜑
𝑟𝑟

𝑐𝑐

𝑒𝑒𝜑𝜑
𝑟𝑟

𝜀𝜀𝜀𝜀
𝑐𝑐

− 𝑘𝑘𝑒𝑒̇𝜑𝜑 + 𝑘𝑘

𝜀𝜀

(36)

𝜌𝜌 = 0,

(37)

𝑘𝑘𝑘𝑘𝑟𝑟 = 0,

𝑒𝑒𝜑𝜑 = 0,

(38)

𝜀𝜀𝜀𝜀

(41)

𝜇𝜇𝜇𝜇
𝑐𝑐

(39)

𝑒𝑒𝑧𝑧 = 0,

(40)

𝛼𝛼 − 𝑘𝑘𝜒𝜒𝑒𝑒𝑧𝑧 = 0,

𝛼𝛼 + 𝑘𝑘𝜒𝜒𝑒𝑒𝜑𝜑 −

𝑘𝑘𝑒𝑒̇𝑧𝑧 − 𝑘𝑘𝜒𝜒𝑒𝑒𝑟𝑟 +
−𝑘𝑘

𝑐𝑐
𝜇𝜇𝜇𝜇

𝛼𝛼 − 𝑘𝑘

+ 𝑘𝑘𝑒𝑒̇𝑟𝑟 − 𝑘𝑘

𝑒𝑒𝑧𝑧

𝜇𝜇𝜇𝜇

4𝜋𝜋

𝑐𝑐

𝑒𝑒𝑟𝑟 = 0,

𝑒𝑒𝜑𝜑 = 0,
𝑒𝑒𝑟𝑟
𝑟𝑟

𝛼𝛼 +

𝜀𝜀𝜀𝜀
𝑐𝑐

𝑒𝑒𝑧𝑧 +

(42)

4𝜋𝜋
𝑐𝑐

𝐽𝐽 = 0.

(43)

This system of equations takes on different forms for different
values of 𝑧𝑧. Let's consider the solution of these systems of equations.

3. Solution at 𝑧𝑧 = 𝑧𝑧𝑜𝑜

Taking into account (9), we have:
𝑒𝑒𝑟𝑟
𝑟𝑟

−

+ 𝑒𝑒̇𝑟𝑟 −

𝑒𝑒𝑧𝑧
𝑟𝑟

+
𝑘𝑘

𝑟𝑟
𝑒𝑒𝑟𝑟
𝑟𝑟

𝑟𝑟

𝛼𝛼 + 𝜒𝜒𝑒𝑒𝑧𝑧 − 4𝜋𝜋𝜋𝜋 = 0,

𝛼𝛼 − 𝜒𝜒𝑒𝑒𝜑𝜑 −

−𝑒𝑒̇𝑧𝑧 − 𝑘𝑘
𝑒𝑒𝜑𝜑

𝑒𝑒𝜑𝜑

𝜇𝜇𝜇𝜇
𝑐𝑐

𝜇𝜇𝜇𝜇
𝑐𝑐

𝑘𝑘𝑘𝑘𝑟𝑟 = 0,

𝑒𝑒𝜑𝜑 = 0,

+ 𝑒𝑒̇𝜑𝜑 −

𝑒𝑒𝑟𝑟
𝑟𝑟

+ 𝑘𝑘𝑒𝑒̇𝑟𝑟 − 𝑘𝑘

𝛼𝛼 − 𝑘𝑘

𝑒𝑒𝜑𝜑
𝑟𝑟

𝜇𝜇𝜇𝜇
𝑐𝑐

𝑒𝑒𝑧𝑧 = 0,

𝛼𝛼 + 𝑘𝑘𝜒𝜒𝑒𝑒𝑧𝑧 = 0,
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(46)
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(48)
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𝑒𝑒𝑧𝑧
𝑟𝑟

𝑘𝑘𝑒𝑒̇𝑧𝑧 +
−𝑘𝑘

𝑒𝑒𝜑𝜑
𝑟𝑟

𝜀𝜀𝜀𝜀

𝛼𝛼 −
𝜀𝜀𝜀𝜀

𝑐𝑐
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𝑒𝑒𝜑𝜑 = 0,

𝑐𝑐

(49)

𝑒𝑒𝑟𝑟 = 0,

− 𝑘𝑘𝑒𝑒̇𝜑𝜑 + 𝑘𝑘

𝑒𝑒𝑟𝑟

(50)

𝛼𝛼 +

𝑟𝑟

𝜀𝜀𝜀𝜀
𝑐𝑐

Note that equations (44) and (51) coincide for
4𝜋𝜋

𝑐𝑐
𝜀𝜀𝜀𝜀
𝑘𝑘𝑘𝑘

𝐽𝐽 = −𝑘𝑘
= 𝜒𝜒,

4𝜋𝜋
𝜀𝜀

𝜌𝜌,

𝑒𝑒𝑧𝑧 +

4𝜋𝜋
𝑐𝑐

𝐽𝐽 = 0.

(51)
(52)
(53)

It follows from (52) and (6) that
or

4𝜋𝜋

𝑣𝑣𝑣𝑣 = −𝑘𝑘

𝑐𝑐

𝑣𝑣𝜀𝜀

𝑘𝑘 = − .

4𝜋𝜋
𝜀𝜀

𝑐𝑐

(54)

𝜌𝜌

(55)

It follows from (53) and (55) that
𝜔𝜔

(56)

𝜒𝜒 = − .
𝑣𝑣

4. Solution at 𝑧𝑧 ≠ 𝑧𝑧𝑜𝑜
In this case, we have:
𝑒𝑒𝑟𝑟
𝑟𝑟

−

+ 𝑒𝑒̇𝑟𝑟 −

𝑒𝑒𝑧𝑧
𝑟𝑟

𝑒𝑒𝜑𝜑
𝑟𝑟

𝛼𝛼 + 𝜒𝜒𝑒𝑒𝜑𝜑 −

𝜇𝜇𝜇𝜇

−𝑒𝑒̇𝑧𝑧 + 𝑏𝑏𝑠𝑠𝑠𝑠 𝑒𝑒𝑟𝑟 − 𝑘𝑘
𝑒𝑒𝜑𝜑
𝑟𝑟

𝑘𝑘

+ 𝑒𝑒̇𝜑𝜑 −

𝑒𝑒𝑟𝑟
𝑟𝑟

−𝑘𝑘

𝑒𝑒𝑟𝑟
𝑟𝑟

𝑟𝑟

−𝑘𝑘

𝑒𝑒𝜑𝜑
𝑟𝑟

𝑐𝑐

𝑒𝑒𝜑𝜑
𝑟𝑟

𝜀𝜀𝜀𝜀
𝑐𝑐

− 𝑘𝑘𝑒𝑒̇𝜑𝜑 + 𝑘𝑘

𝑒𝑒𝜑𝜑 = 0,

𝜇𝜇𝜇𝜇
𝑐𝑐

𝑒𝑒𝑧𝑧 = 0,

𝛼𝛼 − 𝑘𝑘𝜒𝜒𝑒𝑒𝑧𝑧 = 0,

𝛼𝛼 + 𝑘𝑘𝜒𝜒𝑒𝑒𝜑𝜑 −

𝑘𝑘𝑒𝑒̇𝑧𝑧 − 𝑘𝑘𝜒𝜒𝑒𝑒𝑟𝑟 +

𝑘𝑘𝑘𝑘𝑟𝑟 = 0,

𝑐𝑐
𝜇𝜇𝜇𝜇

𝛼𝛼 − 𝑘𝑘

+ 𝑘𝑘𝑒𝑒̇𝑟𝑟 − 𝑘𝑘

𝑒𝑒𝑧𝑧

𝜀𝜀𝜀𝜀
𝑐𝑐

𝑒𝑒𝑟𝑟 = 0,

𝑒𝑒𝜑𝜑 = 0,
𝑒𝑒𝑟𝑟
𝑟𝑟

𝛼𝛼 +

𝜀𝜀𝜀𝜀
𝑐𝑐

Note that equations (58) and (62) coincide for
𝜀𝜀𝜀𝜀
𝑘𝑘𝑐𝑐

=

𝜇𝜇𝜇𝜇𝑘𝑘
𝑐𝑐

.

(57)

𝛼𝛼 − 𝜒𝜒𝑒𝑒𝑧𝑧 = 0,

𝑒𝑒𝑧𝑧 = 0.

(58)
(59)
(60)
(61)
(62)
(63)
(64)
(65)

Under the same condition, equations (60) and (64) coincide, as well
as equations (59, 63). Equations (57) and (61) coincide under condition
(55). Finally, equations (64) and (68) coincide. Thus, equations (62, 64, 63,
21
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61) can be excluded from the system of equations and replaced by
conditions (65, 55). The remaining 4 equations (57-60) are a system of
differential equations with 3 unknowns.
The solution to this overdetermined system of equations exists for

(66)

𝑒𝑒𝑧𝑧 = 0.

Moreover, from (57, 60) we find

𝑒𝑒𝜑𝜑 = 𝑒𝑒𝑟𝑟 .

From (57, 66, 67) we find:
or

𝑒𝑒𝑟𝑟
𝑟𝑟

+ 𝑒𝑒̇𝑟𝑟 −

𝑒𝑒𝑟𝑟
𝑟𝑟

(67)

𝛼𝛼 = 0

𝑒𝑒𝜑𝜑 = 𝑒𝑒𝑟𝑟 = 𝐴𝐴𝑟𝑟 𝛼𝛼−1 ,

(68)
(69)

where A is the amplitude of the strength.
The frequency in this solution is not fixed. Consequently, the charge
can radiate with any frequency.

5. Energy flows

In [3, Chapter 2] it is shown that under conditions of the form (7, 8,
33, 34, 35), the energy flux densities are determined by the formulas
𝑆𝑆𝑟𝑟 = 0,
(70)
𝑆𝑆𝜑𝜑 = 𝜂𝜂𝑘𝑘𝑒𝑒𝑟𝑟 𝑒𝑒𝑧𝑧 ,
(71)
𝑆𝑆𝑧𝑧 = 𝜂𝜂𝑘𝑘𝑘𝑘𝑟𝑟 𝑒𝑒𝜑𝜑 ,
(72)
𝜂𝜂 = 𝑐𝑐 ⁄4𝜋𝜋,
(73)
i.e. there is no radial energy flux, and the energy flux densities at a given
radius around the circumference and along the trajectory do not depend
on time and other coordinates. Since the functions 𝑒𝑒𝜑𝜑 and 𝑒𝑒𝑟𝑟 are defined
by (69), the energy flux is limited in space. This means that the flow of
energy moves with the charge, but is not radiated.

6. Conclusions

So, the obtained solution describes the motion of the charge 𝑞𝑞 in the
medium (𝜇𝜇, 𝜀𝜀) with a certain speed 𝑣𝑣. In this case, the flow of energy is
not emitted, but moves with the charge in a certain limited area.
With this strengths

𝐻𝐻𝑟𝑟 . = ℎ𝑟𝑟 (𝑟𝑟)co,
𝐻𝐻𝜙𝜙 . = ℎ𝜑𝜑 (𝑟𝑟)𝑠𝑠𝑠𝑠,
𝐸𝐸𝑟𝑟 . = 𝑒𝑒𝑟𝑟 (𝑟𝑟)𝑠𝑠𝑠𝑠,
22

(11)
(12)
(14)

The Papers of independent Authors

where

Volume 49, 2020

𝐸𝐸𝜙𝜙 . = 𝑒𝑒𝜑𝜑 (𝑟𝑟)co,

co = cos( 𝛼𝛼𝛼𝛼 + 𝜒𝜒 ∙ 𝛿𝛿(𝑧𝑧𝑜𝑜 − 𝑧𝑧)),
si = sin( 𝛼𝛼𝛼𝛼 + 𝜒𝜒 ∙ 𝛿𝛿(𝑧𝑧𝑜𝑜 − 𝑧𝑧)),
𝑒𝑒𝜑𝜑 = 𝑒𝑒𝑟𝑟 = 𝐴𝐴𝑟𝑟 𝛼𝛼−1 ,
ℎ𝑟𝑟 = 𝑘𝑘𝑘𝑘𝑟𝑟 ,
ℎ𝜑𝜑 = −𝑘𝑘𝑒𝑒𝜑𝜑 ,
𝑣𝑣𝜀𝜀
𝑘𝑘 = − ,
𝑐𝑐
𝜔𝜔

𝜒𝜒 = − .
𝑣𝑣
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The spread of coronavirus in the air
Annotation

The question of how the coronavirus spreads in the air is being
considered. It is shown that the existing ideas about the spread of the
virus as particles are unconvincing. It is shown that the coronavirus
can spread as an electromagnetic wave modulated by the natural
frequency of the coronavirus. Numerous analogies are pointed out.
Possible methods of dealing with the pandemic are proposed, which
require studying the physics of the propagation of high-frequency
electromagnetic waves in the air and the interaction of organic
molecules through the exchange of electromagnetic radiation.
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1. Introduction

The person is infected with the coronavirus but does not yet know
about it. A few days later, it turns out that all those who were with him in
the same large room are infected with the coronavirus. How many viruses
did this person shed (at a very early stage) and how quickly did they spread
in the air?
The document (which was signed by 239 scientists from 32 states)
claims that the virus can be in the air in the form of smaller particles than
previously thought, and this allows COVID-19 molecules to enter the
body when breathing. Also approved that the virus quickly settles on the
surface because it is contained in large heavy droplets (note that these two
statements contradict each other). According to Benedetta Allegranzi,
WHO's the technical director for infection control, the evidence given by
24
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scientists is inconclusive. She noted that there is still debate on this topic
in scientific circles [1]. Let's join this debate.
Let us assume that the particles of the virus are commensurate with
the molecules of odorous substances and are excreted by a sick person as
intensely as the molecules of these substances. It is known that molecules
of a substance move by molecules of air, and for this there are two possible
ways: diffusion (the movement of molecules of a substance, which is
created by the thermal movement of air molecules) and convection (the
movement of molecules of a substance, which is created by the uneven
distribution of air molecules, not substance).
A comparison of these methods (including through
experimentation) in the spread of odor in the air is considered in [2, 3]. It
shows, for example, that due to diffusion, alcohol vapors in the air spread
over a distance of 1 m in 14 hours. The spread by convection (when
creating an increased density of ammonia) of the smell of smoke over a
distance of 0.8 m occurs in 2 minutes. In fig. 1 shows the experimentally
obtained dependence of the spread of the smoke boundary on time for a
3 m long pipe (where there is an increased density of ammonia) at a low
concentration of smoke (but our infecting person has also not yet managed
to gain a large concentration of viruses).
It can be seen that after the smoke spreads to a distance of up to 2
m, it practically stops moving. The authors conclude that convection plays
the main role in the mechanism of odor propagation. We agree with them
because we don't argue with experiments. The only one question remains:
why is it necessary to assume that the source of the odor is in the area of
increased air concentration? If this increased concentration of air is absent,
then no reason for the spread of the smell is visible at all (except, of course,
the increased kinetic energy of the molecules of the substance). The same
can be said about the reasons for the spread of the coronavirus.

Рис. 1, время в секундах, расстояние в см
25
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How, then, does the smell spread? The question, of course, is not
that, but, one must think, the answer will be the same for our case. If
difficulties arise with the spread of the smell, then how do ants survive after all, it is argued that it is by a smell that they find food and
communicate with the help of pheromones, releasing, for example, an
alarm pheromone when injured or killed.
The assumption arises that it is not necessary to transfer a substance
to transmit information. O! This is an old idea of homeopaths and (I think)
there will be 239 more researchers from 32 countries who will come up
with a refutation. But I believe in the objectivity of scientists and therefore
I will continue.

2. The electromagnetic volume standing wave

It was shown in [4, 5] (as a consequence of solving Maxwell's
equations) that an electromagnetic standing wave can exist in a limited
volume of vacuum. This volume may have a variety of shapes. A standing
wave is not emitted through the faces of the shapes and, in the absence of
external energy flows, such a wave retains its energy, frequency and volume
shape. This electromagnetic wave can be modulated at a lower frequency.
In this case, this volume turns into a keeper of energy and information. In
[5, 6, 7], well-known experiments and natural phenomena are considered,
which serve as proof of the existence of such a keeper.

Рис. 2.
A water molecule is a volume that stores a standing wave. In this
case, the standing wave is stored in the space between the oxygen and
hydrogen atoms, i.e. in a vacuum - see fig. 2. Molecules of nitrogen and
oxygen in the air are also the volume that stores a standing wave. In this
26
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case, the standing wave is stored in the space between the atoms of these
molecules, i.e. in a vacuum.
In [7] it is shown that on the basis of these facts the peculiarities of
homeopathy can be explained, incl. enhancement of the therapeutic effect
during dilution and the absence of the influence of impurities.
In [9], on the basis of the same facts, it is shown that a highly
organized structure can exist in the air, comparable in intelligence to the
brain of an animal. Such a structure can be the collective brain of a
community of bio-organisms.

The distance
between the
molecules (𝑚𝑚)
Molecule size (𝑚𝑚)
Location of the
standing wave
region
Atom radius
(pm=10−12 𝑚𝑚)
Interatomic
distance
(A =10−10 𝑚𝑚)
𝑅𝑅(𝑚𝑚)
𝜔𝜔(𝑠𝑠 −1 )
𝑓𝑓(𝐻𝐻𝐻𝐻)
𝛾𝛾(𝑚𝑚)

Water
𝐻𝐻2 𝑂𝑂
3 ∙ 10−9

Table 1.

Nitrogen
𝑁𝑁2
3 ∙ 10−9 .

Oxygen
𝑂𝑂2
3 ∙ 10−9 .

3 ∙ 10−10
Between
oxygen and
hydrogen
atoms
53 pm

3 ∙ 10−10
Between
nitrogen
atoms

3 ∙ 10−10
Between
oxygen
atoms

56 pm

48 pm

0.9584 A

1.095 A

1.2074 A

5 ∙ 10−11
1019
1.5 ∙ 1018
2 ∙ 10−10

5 ∙ 10−11
1019
1.5 ∙ 1018
2 ∙ 10−10

6 ∙ 10−11
1.2 ∙ 1019
1.8 ∙ 1018
2.4 ∙ 10−10

Organics
3 ∙ 10−9 .

10−8
Between
molecules
in organics

1.5 ∙ 10−9
5 ∙ 1016
1016
3 ∙ 10−8

So, it is possible to indicate stable volumes, where a bulk standing
electromagnetic wave can be located. These options are listed in table 1.
Table 1 also shows molecules in organics. The mutual arrangement of
these molecules remains unchanged. In this case, a free vacuum space with
linear dimensions of about 3 ∙ 10−9 m remains between the molecules. A
standing wave also appears in this stable volume. It can be assumed that
there is a standing wave of a certain frequency in the coronavirus - the
natural frequency of the coronavirus. It can be assumed that this frequency
is comparable to the natural frequency of drug molecules [8], which is
within 𝐿𝐿 = (1013 ÷ 1014 )𝐻𝐻𝐻𝐻 Hz, which is much lower than the
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frequencies listed in Table. 1. These frequencies can modulate the
frequency of the electromagnetic field in air molecules. Note that the
region of existence of a standing wave with such a frequency is
approximately 107 times larger than the region of a standing wave in an
air molecule.
For brevity, we will call a standing wave of air an 𝜔𝜔𝑣𝑣 -wave, and a
standing wave of a coronavirus an 𝜔𝜔𝑜𝑜 -wave. Since 𝜔𝜔𝑜𝑜 ≪ 𝜔𝜔𝑣𝑣 , then 𝜔𝜔𝑜𝑜 wave of the coronavirus can modulate the 𝜔𝜔𝑣𝑣 -wave of an air molecule, and
this modulation can be transmitted between air molecules. Thus, the
transmission of a modulated wave can occur without the directed motion
of molecules - their collision is enough. We will consider the effect of
modulated air molecules on the body below. But for now, let us note that
one molecule is enough for “contaminated air molecules” to appear in a
large volume of air. Moreover, modulation of air molecules by different
specimens of the same coronavirus creates a phase difference of
electromagnetic oscillations in different air molecules. The exposure
depends on the cumulative exposure of all "contaminated air molecules".
It is obvious that the total impact of molecules with different phases is less
than the total impact of "in-phase molecules". Similarly, in [7] it is
explained that dilution of the medicinal solution enhances the healing
effect in homeopathy.

Fig. 2
28

The Papers of independent Authors

Volume 49, 2020

The foregoing is illustrated in fig. 2, where shown
1. 𝜔𝜔𝑣𝑣 −wave,
2. 𝜔𝜔𝑜𝑜 −wave,
3. modulated wave 𝜔𝜔𝑣𝑣𝑣𝑣 −wave obtained if standing
𝜔𝜔𝑜𝑜 −waves would cover space without gaps,
4. modulated wave is a 𝜔𝜔𝑣𝑣𝑣𝑣 −wave obtained when standing
𝜔𝜔𝑜𝑜 −waves are located in space with gaps.

3. Infection with coronavirus

We first note the following. It is known that electromagnetic
radiation interacts with molecules of a substance, causing radiation or
absorption of electromagnetic radiation by molecules of a substance at
certain frequencies [5]. Therefore, molecules of a substance can interact
through electromagnetic radiation. A multiple enhancement of the effect
of such an interaction appears when the natural frequencies of the emitting
and absorbing molecules coincide.
Meanwhile, numerous works are known, which show that all organs
of animals and humans emit electromagnetic waves. These radiations are
used in medical diagnostics.
The effect of absorbed radiation on an organic molecule of matter
is evidently in the enhancement and/or suppression of some functions of
this molecule. Ultimately, this can be expressed in the transformation of
the functional capabilities of the irradiated molecule, i.e. in her change.
The coronavirus is known to transform the organic molecule it
comes in contact with. For what follows, it is necessary to assume that it is
the natural frequency of the coronavirus transforms this molecule. Then
exposure to this frequency is sufficient without the presence of the
coronavirus. In the same way, the natural frequency of a drug substance
without the presence of the drug itself "cures a sick" molecule [7]. The only
difference is that the natural frequency of the coronavirus "infects a
healthy" molecule.

4. Where is the exit?

In the absence of the Internet, foreign influence was carried out
through radio broadcasts. In the USSR, to combat "enemy voices" was
used as the so-called jammers are noise generators operating at the
frequency of the "enemy voice" transmission. For me, a former resident
of the USSR, the first way to fight the coronavirus suggests itself: we need
a jammer at the natural frequency of air molecules. Such a jammer can
work in public places, but it can also be made in a form suitable for
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individual use. It is possible, however, that the natural frequency of air
molecules is modulated by some frequencies useful for humans, for
example, the natural frequencies of plants. Therefore, the frequency width
of the white noise of the jammer should be limited to frequencies close to
the natural frequency of the coronavirus.
Another way could be as follows. In modern medicine (including
non-traditional medicine), a method of searching for electromagnetic
radiation with a frequency that cures a particular disease is widespread.
Surely, in this case, frequencies with the opposite effect are detected.
Therefore, it is necessary to look for a frequency that is fatal for the
coronavirus.
The proposed methods of dealing with the pandemic require, of
course, the study of the physics of the propagation of high-frequency
electromagnetic waves in the air and the interaction of organic molecules
through the exchange of electromagnetic radiation.
1.
2.

3.

4.
5.

6.
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To substantiate Mach's principle
Annotation

The relationship between the inert and gravitational masses
on Earth has been established. It is shown that Mach's principle
and the principle of equivalence of inert and gravitational masses
can be investigated experimentally.
There is a well-known Mach principle, which states that the inert
properties of each physical body are determined by all other physical
bodies in the Universe and depend on their location [1]. The first idea to
test this principle is to temporarily remove all bodies in the universe. But
the current amount of technology is not enough to implement this idea.
And therefore (and until the "salutary" idea of unknowability has not
finally taken possession of the minds, as happened, for example, in
quantum mechanics), we will try to understand how the Earth could create
inertia (all the other bodies of the Universe without us, someone pushed
to sufficient distance).
How could the Earth create an inertial force acting on an
accelerating body? Maybe, about the same as a large stationary electric
charge on another accelerating charge ... After all, there between
electrodynamics and gravitomagnetism, which are described by the same
Maxwell equations, are many analogies - see for example [2].
Consider an electric charge q moving relative to the charge Q with
acceleration 𝐚𝐚. The strength of the electric field E, created by the charge q
at the center of the charge Q, is determined by the Larmor formula [3]. In
the case when the speed of the charge is much less than the speed of light
c, this formula takes the form [4]:
𝑞𝑞�𝐧𝐧×[𝐧𝐧×𝐚𝐚]�

𝐄𝐄 ≈
,
(1)
𝑐𝑐 2 𝑅𝑅
where R is the distance between charges, and 𝐧𝐧 is the unit vector of the
vector 𝐑𝐑 directed from charge q to charge Q - see Fig. 1. If the acceleration
vector 𝐚𝐚 is directed perpendicular to the vector 𝐑𝐑, then the vector
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𝐄𝐄о = �𝐧𝐧 × [𝐧𝐧 × 𝐚𝐚]�,
(2)
and vector 𝐚𝐚 are related by the relation
(3)
𝐄𝐄о = −𝐚𝐚
- see Attachment. From (1, 2, 3) it follows that the charge Q from the side
of charge q is acted upon by the force
𝑞𝑞𝑄𝑄
𝑞𝑞𝑄𝑄
𝐅𝐅𝒒𝒒 = 𝑐𝑐2𝑅𝑅 𝐄𝐄о = − 𝑐𝑐2 𝑅𝑅 𝐚𝐚.
(4)
By virtue of Newton's second law, a force acts on the charge q from the
side of the charge Q
𝑞𝑞𝑄𝑄
𝐅𝐅𝑄𝑄 = −𝐅𝐅𝒒𝒒 = 𝑐𝑐2𝑅𝑅 𝐚𝐚.
(5)

q

F

FQ

a

Fq

Q

R

Fig. 1.
Suppose, by analogy, that the accelerated motion of mass is also
described by equation (1), where q is the gravitational mass, and E is the
gravitational strength. Let us consider the case when the mass q moves in
the field of another mass Q at a distance R → ∞ from the center of this
mass in the plane perpendicular to the vector R. In this case, all the
previous conclusions are applicable. Therefore, the body Q acts on the
body q by force (5) and the force vector is directed parallel to the
acceleration vector 𝐚𝐚.
The force that moves the mass 𝑞𝑞 with acceleration 𝐚𝐚,
𝐅𝐅𝑞𝑞 = 𝑚𝑚𝑞𝑞 𝐚𝐚,
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where 𝑚𝑚𝑞𝑞 is the inert mass of the gravitational mass q. Thus, two
oppositely directed forces act on the mass q (5, 6). According to Newton's
second law, these forces must be equal, i.e.
𝑞𝑞𝑄𝑄
𝑚𝑚𝑞𝑞 𝐚𝐚 = 𝑐𝑐 2 𝑅𝑅 𝐚𝐚
(7)
or
𝑞𝑞𝑄𝑄
𝑚𝑚𝑞𝑞 = 2 .
(8)
𝑐𝑐 𝑅𝑅
Consider the coefficient β of proportionality between gravitational mass
and inertial mass. Then
𝑞𝑞 = 𝑚𝑚𝑞𝑞 β,
(9)
(10)
𝑄𝑄 = 𝑚𝑚𝑄𝑄 β.
From (8, 9, 10) we get:
𝑚𝑚𝑞𝑞 =

β2 𝑚𝑚𝑞𝑞 𝑚𝑚𝑄𝑄
𝑐𝑐 2 𝑅𝑅
𝑅𝑅

β = с�𝑄𝑄.

(11)

,

(12)

For example, for the Earth we have:
𝑄𝑄 ≈ 6 ∙ 1024 кг, 𝑅𝑅 ≈ 6 ∙ 107 м, с ≈ 3 ∙ 109 м/с.
Then
7−24
2

𝑅𝑅

β = с� ≈ 3 ∙ 109 ∙ 10
𝑄𝑄

≈ 1.

(13)

Thus, our analogy does not contradict the principle of equivalence
of gravitational and inertial masses. And we have shown above that in
some particular case Mach's principle is fulfilled: the inertial mass is
determined by the gravitational mass and the size of the Earth. Formula
(12) makes it possible to establish the dependence of the inert mass of a
particular body on the parameters of external bodies and thereby
determine the nature of this dependence and the limits of applicability of
the Mach principle.
Thus, the foregoing shows that Mach's principle can be verified
experimentally and, at the same time, the principle of equivalence of
inertial and gravitational masses can be verified experimentally.

Application

Let the vector 𝐧𝐧 in the Cartesian coordinate system be directed along
the oz axis, and the vector 𝐚𝐚 directed along the ox axis, as shown in Fig. 1.
Then we write these vectors in the following form:
𝐧𝐧 = [0,0, −1],
𝐚𝐚 = [𝑎𝑎𝑥𝑥 , 0,0]
and find
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[𝐧𝐧 × 𝐚𝐚] = [0, 𝑎𝑎𝑥𝑥 , 0] ,
�𝐧𝐧 × [𝐧𝐧 × 𝐚𝐚]� = �[0,0, −1] × [0, 𝑎𝑎𝑥𝑥 , 0]� = [−𝑎𝑎𝑥𝑥 , 0,0].
Consequently,
𝐄𝐄о = �𝐧𝐧 × [𝐧𝐧 × 𝐚𝐚]� = −𝐚𝐚.
1.
2.
3.

4.
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Rehabilitation of Rutherford's Atom Model
Annotation

It is shown that in the planetary model of the Rutherford atom
there are stable in height - stationary orbits of the electron, the reason
for the stability and discreteness of stationary orbits is substantiated.
They write [1] that “Rutherford's planetary model of the atom

corresponds to modern concepts of the structure of the atom with refinements
... The disadvantage of the planetary model was the impossibility of
explaining the stability of atoms by it. Since electrons move ..., then,
according to the laws of classical electrodynamics, they must emit
electromagnetic waves, losing the kinetic energy of orbital motion to radiation
and as a result "fall" onto the nucleus. Calculations performed using the
methods of classical electrodynamics show that electrons should “fall” onto
the nucleus in a time of about 10−11 s.”

These refinements are known to have led to the creation of quantum
mechanics. These refinements are known to have led to the creation of
quantum mechanics. Let us consider in more detail the interaction of an
electron and a nucleus using the methods of classical electrodynamics.
As you know, a uniformly moving charge does not radiate in a
vacuum. However, even a uniformly moving electron constantly
remagnetizes the atomic nucleus, i.e. it transfers its energy to it and thus,
naturally, loses its kinetic energy [4]. In addition, the charge creates a flow
of energy moving with the charge in a limited vicinity of the charge [3].
Indeed, only a moving charge emits, which follows from the Larmor
formula [2]. It will be shown below that the Larmor radiation of an electron
interacts only with the atomic nucleus.
Thus, the electron transfers its kinetic energy to the nucleus in two
ways. However, let us consider how destructive the radiation processes are
for the conservation of the kinetic energy of an electron.
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Omega
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F4
F2
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Fig. 1.
Consider an electron with mass 𝑚𝑚, which rotates around its own
axis with an angular speed 𝜔𝜔1 and moves along a certain trajectory around
the nucleus with a linear speed 𝑣𝑣 - see Fig. 1. The acts on the electron force
of gravity
𝐹𝐹1 = 𝑚𝑚𝑚𝑚,
(1)
where 𝑔𝑔 is the acceleration of free fall of an electron onto a nucleus;
Coriolis force
𝐹𝐹2 = −2𝑚𝑚𝜔𝜔1 × 𝑣𝑣
(2)
and centrifugal force
𝐹𝐹3 = 𝑚𝑚𝜔𝜔22 𝑅𝑅,
(3)
where 𝑅𝑅, 𝜔𝜔2 are instantaneous radius and angular speed of rotation at a
given point of the specified trajectory.

An electron loses its kinetic energy due to radiation. Lost electron
power 𝑃𝑃4 expended by the electron can be defined as the power of some
force 𝐹𝐹4 of resistance to the movement of the electron, i.e.
𝑃𝑃4 = 𝐹𝐹4 𝑣𝑣.
(4)
Let the vector 𝜔𝜔1 have three projections - the projection 𝜔𝜔1𝑅𝑅 onto
the radius, the projection 𝜔𝜔1𝑂𝑂 onto the tangent to the circle, and the
projection 𝜔𝜔1𝑍𝑍 onto the vertical. Let us also consider the projection of
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𝜔𝜔1𝑅𝑅𝑅𝑅 onto the plane of the circle, the projection of 𝜔𝜔1𝑍𝑍𝑍𝑍 onto the
vertical plane tangent to the circle, and the projection of 𝜔𝜔1𝑍𝑍𝑍𝑍 onto the
vertical plane passing through the radius.
Body movement will be stable under three conditions:
𝐹𝐹1 = −2𝑚𝑚𝜔𝜔1𝑅𝑅𝑅𝑅 𝑣𝑣
(5)
𝐹𝐹3 = −2𝑚𝑚𝜔𝜔1𝑍𝑍𝑂𝑂 𝑣𝑣
(6)
𝐹𝐹4 = −2𝑚𝑚𝜔𝜔1𝑍𝑍𝑍𝑍 𝑣𝑣,
(7)
where the projections of the Coriolis force are indicated on the right.
From (4), taking into account (7), we find:

𝑃𝑃4 = −2𝑚𝑚𝜔𝜔1𝑍𝑍𝑍𝑍 𝑣𝑣 2 .

(8)

𝜔𝜔22 𝑅𝑅 = −2𝜔𝜔1𝑍𝑍𝑂𝑂 𝑣𝑣

(10)

Formulas (1, 5) can be combined. Then we get:

𝑔𝑔 = −2𝜔𝜔1𝑅𝑅𝑅𝑅 𝑣𝑣

Formulas (3, 6) can be combined. Then we get:

From (8, 9, 10) we find:

𝜔𝜔1𝑍𝑍𝑍𝑍 = −

𝜔𝜔1𝑅𝑅𝑅𝑅 = −
𝜔𝜔1𝑍𝑍𝑂𝑂 = −

𝑃𝑃4

2𝑚𝑚𝜔𝜔22 𝑅𝑅 2
𝑔𝑔
2𝑅𝑅𝜔𝜔2
𝜔𝜔2
2

,

,

.

(9)

(11)
(12)
(13)

In these formulas, formula (7) is not obvious. It indicates the force
of resistance to the motion of an electron, acting along the speed 𝑣𝑣 , and
the projection of the Coriolis force on the same speed. Such a projection
is equal to zero by definition (2). The explanation is given in the appendix
and is based on the fact that the real trajectory of an electron is a spiral
line. It was shown there that at a certain "height" above the nucleus an
electron orbit can exist that retains its height, the stability and discreteness
of such stationary orbits is substantiated
Thus, if 𝑚𝑚, 𝑔𝑔, 𝜔𝜔2 ,R are known for an electron, then projections
and the speed vector 𝜔𝜔1 can be found from (11, 12, 13). And vice versa,
if the vector 𝜔𝜔1 is known, then the speed 𝜔𝜔2 , the radius of the orbit R
and the acceleration 𝑔𝑔 can be found from (11, 12, 13). The latter value for
a particular nucleus determines the "height" of the orbit. Hence,
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электрон с определенной скоростью 𝜔𝜔1 имеет однозначно
определенную орбиту.

The energy of rotation of an electron around its own axis with a
speed 𝜔𝜔1 and its angular momentum does not change. The energy of
rotation of an electron around a circle
𝑊𝑊 = 0.5𝑚𝑚𝑣𝑣 2 = 0.5𝑚𝑚𝜔𝜔22 𝑅𝑅 2
(14)
does not change, since the speed 𝜔𝜔2 and the radius 𝑅𝑅 of the orbit do not
change. The conservation of these values occurs despite the fact that the
electron is constantly losing its own energy, because the energy of the
electron is constantly restored by the Coriolis force.
Such an action of the Coriolis force is possible only if it can do work,
i.e. this power is real force. A mathematical proof of the reality of this force
is given in [2, Section 3]. There it is shown that the Coriolis force can be
justified as a consequence of Maxwell's equations, and the source of energy
for this force is the electric core.
The opponent can say that the energy of the nucleus is not infinite
and, in the end, it will be wasted on generating Coriolis forces for all
electrons. I agree with him - I agree that this waste is contributing to
nuclear decay. But this is not a reason to abandon the planetary model.
Rutherford's model of the atom must be returned to physics.

Application

It was shown in [3] that an electron in a vacuum moves along a spiral
trajectory, which is a solution to the Maxwell system of equations [2]. In
cylindrical coordinates 𝑟𝑟, 𝜑𝜑, 𝑧𝑧 stream functions have the form:
𝐽𝐽𝑟𝑟 = 𝑞𝑞𝑞𝑞𝑟𝑟 cos( 𝛼𝛼𝜑𝜑 + 𝜒𝜒𝜒𝜒),
(1)
𝐽𝐽𝜑𝜑 = 𝑞𝑞𝑞𝑞𝜑𝜑 sin( 𝛼𝛼𝜑𝜑 + 𝜒𝜒𝜒𝜒),
(2)
𝐽𝐽𝑧𝑧 = 𝑞𝑞𝑣𝑣𝑧𝑧 sin( 𝛼𝛼𝜑𝜑 + 𝜒𝜒𝜒𝜒),
(3)
where 𝑞𝑞 is the electron charge, 𝛼𝛼, 𝜒𝜒 are some constants, 𝑣𝑣𝑟𝑟 , 𝑣𝑣𝜑𝜑 , 𝑣𝑣𝑧𝑧 are
constants - the speeds of the electron along the coordinates. In this case,
𝑟𝑟 = const. In fig. 2 shows three helical lines described by the functions
(10, 11) of the projections 𝐽𝐽𝜑𝜑 and 𝐽𝐽𝑧𝑧 of the current. In fig. 1 shows for
example: a thick line at 𝛼𝛼 = 2, 𝜒𝜒 = 0.8, a middle line at 𝛼𝛼 = 0.5, 𝜒𝜒 = 2, and a
thin line at 𝛼𝛼 = 2, 𝜒𝜒 = 1.6.
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Fig. 2
In what follows, we will consider functions of coordinate-wise
speeds
𝐽𝐽
𝑉𝑉𝑟𝑟 = 𝑞𝑞𝑟𝑟 = 𝑣𝑣𝑟𝑟 cos( 𝑝𝑝),
(4)

in parametric form with the parameter
𝑝𝑝 = 𝛼𝛼𝜑𝜑 + 𝜒𝜒𝜒𝜒.
(5)
Thus, the electron moves at a speed
𝑉𝑉� = �𝑉𝑉𝑟𝑟 , 𝑉𝑉𝜑𝜑 , 𝑉𝑉𝑧𝑧 �,
(6)
where
𝑉𝑉𝑟𝑟 = 𝑣𝑣𝑟𝑟 cos( 𝑝𝑝),
(7)
𝑉𝑉𝜑𝜑 = 𝑣𝑣𝜑𝜑 sin( 𝑝𝑝),
(8)
𝑉𝑉𝑧𝑧 = 𝑣𝑣𝑧𝑧 sin( 𝑝𝑝).
(9)
Let us pass to Cartesian coordinates and further consider the
vector
𝑉𝑉� = �𝑉𝑉𝑥𝑥 , 𝑉𝑉𝑦𝑦 , 𝑉𝑉𝑧𝑧 �,
(10)
where
𝑉𝑉𝑥𝑥 = 𝑉𝑉𝑟𝑟 cos( 𝜑𝜑) − 𝑉𝑉𝜑𝜑 sin( 𝜑𝜑),
(11)
𝑉𝑉𝑦𝑦 = 𝑉𝑉𝑟𝑟 sin( 𝜑𝜑) + 𝑉𝑉𝜑𝜑 cos( 𝜑𝜑).
(12)
or, taking into account (8, 9),
(13)
𝑉𝑉𝑥𝑥 = 𝑣𝑣𝑟𝑟 cos( 𝑝𝑝) cos( 𝜑𝜑) − 𝑣𝑣𝜑𝜑 sin( 𝑝𝑝) sin( 𝜑𝜑),
𝑉𝑉𝑦𝑦 = 𝑣𝑣𝑟𝑟 cos( 𝑝𝑝)sin( 𝜑𝜑) + 𝑣𝑣𝜑𝜑 sin( 𝑝𝑝) cos( 𝜑𝜑).
(14)
It is important to note further that functions (13, 14) are periodic
functions of the z coordinate, which follows from (5).
If an electron rotates around its own axis with an angular speed 𝜔𝜔
�,
then the Coriolis force acts on it
𝐹𝐹�𝑐𝑐 = −2𝑚𝑚𝜔𝜔
� × 𝑉𝑉� ,
(15)
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where 𝑚𝑚 is the electron mass. Wherein
𝐹𝐹�𝑐𝑐 = �𝐹𝐹𝑥𝑥 , 𝐹𝐹𝑦𝑦 , 𝐹𝐹𝑧𝑧 �,
𝜔𝜔
� = �𝜔𝜔𝑥𝑥 , 𝜔𝜔𝑦𝑦 , 𝜔𝜔𝑧𝑧 �.
From (10-12) we find:
𝐹𝐹𝑥𝑥 = 𝜔𝜔𝑦𝑦 𝑉𝑉𝑧𝑧 −𝜔𝜔𝑧𝑧 𝑉𝑉𝑦𝑦
𝐹𝐹�𝑐𝑐 = � 𝐹𝐹𝑦𝑦 = 𝜔𝜔𝑧𝑧 𝑉𝑉𝑥𝑥 − 𝜔𝜔𝑥𝑥 𝑉𝑉𝑧𝑧 �.
𝐹𝐹𝑧𝑧 = 𝜔𝜔𝑥𝑥 𝑉𝑉𝑦𝑦 − 𝜔𝜔𝑦𝑦 𝑉𝑉𝑥𝑥

(16)
(17)
(18)

It can be seen that the Coriolis force has a projection 𝐹𝐹𝑧𝑧 on the z
axis, i.e. on the trajectory of the electron. The force 𝐹𝐹𝑧𝑧 is determined
through functions (13, 14) and therefore is periodic.

Suppose that the electron revolves around the nucleus and denote
the length of the electron trajectory in one closed loop as 𝐿𝐿. Consider the
average value of the force 𝐹𝐹𝑧𝑧 over the length 𝐿𝐿. and denote it as 𝐹𝐹𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 .
Due to the periodicity of the force 𝐹𝐹𝑧𝑧 , the value 𝐹𝐹𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 can take on values
different in sign.
Together with this force, on the electron acts the force 𝐹𝐹4 of
resistance to the motion of the electron, which is proportional to the length
𝐿𝐿. Consider the total force acting on the electron along the trajectory:
(19)
𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐹𝐹𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 − 𝐹𝐹4 𝐿𝐿.
Wherein
1. if 𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0, then the trajectory length does not change.
2. if 𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 > 0, then the electron is accelerated, gradually
removed and its trajectory is lengthened,
3. if 𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 < 0, then the electron slows down, gradually falls on
the nucleus, and its trajectory is shortened.
You can also consider the derivative
𝑑𝑑𝐹𝐹

𝑑𝑑𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑑𝑑𝑑𝑑

at a point with such a

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
value of L, where 𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0. For 𝑑𝑑𝑑𝑑
< 0, the trajectory is stable.
Indeed, with decreasing altitude, the length 𝐿𝐿 decreases, but at the same
time 𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 increases, the electron is accelerated, and while at the same time
it rises.

Thus, there are trajectories that are stable in height — stationary
orbits. These orbits are discretely located in height. The stability of the
stationary orbits is provided by the Coriolis force acting on the emitting
electron.
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Quantum mechanics: a particle is a
volumetric standing wave
Annotation

It is indicated that a volume standing wave can exist in a
vacuum, which retains its energy, and integrity, has mass and can
change its shape. On this basis, it is shown that a particle can be such
a wave and this allows us to abandon the principle of
complementarity.
The generally popular exposition of quantum mechanics begins with
the following experiment — see Fig. 1 and explanations to it from [1].
Light (photons) is emitted into a semitransparent mirror. Half of the
photons are reflected from the mirror and hit in counter 1, and the other
half of the photons pass through the mirror and hit in counter 2. Instead
of counters, mirrors can be installed that completely reflect the light onto
the screen. In this case, an interference pattern of two waves appears on
the screen. This happens even when a single photon is emitted.

Fig. 1.
An inquisitive citizen would like to check everything himself, but
where is he in his kitchen! And I decided to help. In China (as you know)
you can buy everything. I bought
43
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1. A bottle with drops of a viscous very elastic liquid with a very
strong surface film (even with a hammer!).
2. A pistol that shoots these drops.
3. A plate that transmits these drops or reflects them (with equal
probability). And he called it a translucent mirror.
4. A plate that always reflects drops. And called it a mirror (ordinary).
5. A droplet trap, which has the property that a light bulb is lit on it
when a drop enters it. And he called it a counter.
6. A plate covered with a sensitive emulsion, which has the property
that a drop falling on it creates a tuberous circle on it. And called it plate a
screen, and the bumpy circle - interference.
I repeated the above experiment and saw that everything happens in
accordance with quantum mechanics! Thus, one can make sure that the
complementarity principle is satisfied for the drops and the drop is a waveparticle. The latter is not surprising: it is known that even the Earth is a
wave.
But then a doubt arose. Or maybe a drop DOESN'T bifurcate in a
translucent mirror!? She, flying in one of two ways, would still flatten into
a tuberous circle. And this doubt was reinforced by the impossibility of
imagining the drop as a wave packet that flies at the speed of light when
the drop lies still.

Fig. 2.

44

The Papers of independent Authors

Volume 49, 2020

And then I remembered my recent article [2], where I showed the
following based on the solution of Maxwell's equations. In a certain closed
volume of vacuum, a standing electromagnetic wave can exist. This volume
can, for example, have the shape shown in Fig. 2. The volume boundaries
do not radiate and there are no internal heat losses. Therefore, such a wave
can exist forever. In addition, the wave can change shape while maintaining
its integrity and has mass.
If the bottle contained not drops, but such standing waves, then this
experiment could be repeated and explained without invoking the principle
of complementarity, and these standing waves (which that a drop falling
on it is flattened into a tuberous circle) could be safely called particleswaves. And the principle of complementarity is not a pity at all. They say,
"that the principle of complementarity demonstrates the philosophy of
weakness, and the temporary role of this principle is obviously similar to
the role of phlogiston and other obsolete concepts" [1]. [
But maybe we won't wait until a bottle with standing waves can be
will be done in China, but will assume that the particles are volumetric
standing waves?
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Quantum mechanics:
a particle is a volumetric standing wave
(the second part)
Annotation

A mathematical model of the so-called wave-AND-particle
(WAP), which constantly and simultaneously exhibits both the
properties of a wave and the properties of a particle. WAP is a
standing wave that exists in a limited space of vacuum. It does not
have its own speed and can, like a particle, move with an arbitrarily
low speed, it has energy, an internal flow of energy, momentum and
mass.
The quantitative characteristics of WAP, the shape and structure
of WAP, the power, momentum and mass of WAP, areas consisting
of many WAP are considered. Assumptions are made about the
mechanical interactions of WAP, about the structure of elementary
particles and vacuum.

Contents

1. Introduction
2. Mathematical model of WAP
3. Energy of WAP
4. Energy flow of WAP
5. Momentum and mass of WAP
6. Wave frequency of WAP
7. Conclusion
References

1. Introduction

In [1], the concept of a particle having both the properties of a wave
and the properties of a particle is considered. We will call such a particle a
wave-AND-particle. Such a particle can explain those experiments in
which (according to the concepts of quantum mechanics) a particle
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behaves either as a particle or as a wave, being (in contrast to a wave-ANDparticle) a wave-OR-particle. How it behaves at a particular moment, the
observer cannot know. So, the wave-OR-particle magically transforms
from wave to particle and back, and wave-AND-particle constantly
exhibits the properties of both waves and particles.
The wave-AND-particle (WAP) must be a standing wave and not
propagate in space. It should not have its own speed (like the speed of a
traveling wave), but it should have energy, momentum and mass. The
quantum theory describes a wave in a vacuum in an open, unbounded
space, which is associated with a material particle - the de Broglie wave.
This is not an electromagnetic wave and its nature is unknown. But it is
known that it is inextricably linked with the particle [2]. The definition of
this wave includes its own speed. At zero own speed, this wave becomes a
spatially unlimited standing wave. Moreover, of course, it cannot be
identified with a particle.
So, below the WAP described, standing, existing in vacuum, limited
in space, having no own velocity, having mass, momentum and energy.
The first version of the mathematical description of such a wave was
proposed in [3]. Here we will consider a more general case. In [3-6] various
phenomena are considered that can be explained by the existence of such
a wave.

2. Mathematical model of WAP

Consider a certain volume V with magnetic permeability 𝝁𝝁 and
dielectric constant 𝜺𝜺. Let, as a result of some impact, an electromagnetic
wave with energy 𝑊𝑊𝑜𝑜 . has arisen in this volume V. There is no heat loss in
volume V and no radiation from it. After a while, the wave parameters will
take stationary values determined by the values 𝝁𝝁, 𝜺𝜺 and 𝑊𝑊𝑜𝑜 the size of the
volume V. These parameters are electric field strength and magnetic field
strength as a function of Cartesian coordinates and time, i.e. 𝐸𝐸(𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)
and 𝐻𝐻(𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡). Naturally, they satisfy the system of Maxwell equations of
the form
𝜕𝜕𝐻𝐻𝑧𝑧

𝜕𝜕𝑦𝑦
𝜕𝜕𝐻𝐻𝑥𝑥

𝜕𝜕𝑧𝑧
𝜕𝜕𝐻𝐻𝑦𝑦
𝜕𝜕𝑥𝑥
𝜕𝜕𝐸𝐸𝑧𝑧
𝜕𝜕𝑦𝑦

−

−

−

−

𝜕𝜕𝐻𝐻𝑦𝑦
𝜕𝜕𝑧𝑧
𝜕𝜕𝐻𝐻𝑧𝑧

𝜕𝜕𝑥𝑥
𝜕𝜕𝐻𝐻𝑥𝑥

𝜕𝜕𝑦𝑦
𝜕𝜕𝐸𝐸𝑦𝑦
𝜕𝜕𝑧𝑧

− 𝜀𝜀

− 𝜀𝜀

− 𝜀𝜀

+ 𝜇𝜇

𝜕𝜕𝐸𝐸𝑥𝑥

𝜕𝜕𝑡𝑡
𝜕𝜕𝐸𝐸𝑦𝑦
𝜕𝜕𝑡𝑡
𝜕𝜕𝐸𝐸𝑧𝑧

𝜕𝜕𝑡𝑡
𝜕𝜕𝐻𝐻𝑥𝑥
𝜕𝜕𝑡𝑡
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=0

(1)

=0

(3)

=0

(2)

=0

(4)

Physics
𝜕𝜕𝐸𝐸𝑥𝑥

𝜕𝜕𝑧𝑧
𝜕𝜕𝐸𝐸𝑦𝑦
𝜕𝜕𝑥𝑥
𝜕𝜕𝐸𝐸𝑥𝑥

𝜕𝜕𝑥𝑥
𝜕𝜕𝐻𝐻𝑥𝑥
𝜕𝜕𝑥𝑥

−

−

+

+

𝜕𝜕𝐸𝐸𝑧𝑧

𝜕𝜕𝑥𝑥
𝜕𝜕𝐸𝐸𝑥𝑥

𝜕𝜕𝑦𝑦
𝜕𝜕𝐸𝐸𝑦𝑦

𝜕𝜕𝑦𝑦
𝜕𝜕𝐻𝐻𝑦𝑦
𝜕𝜕𝑦𝑦

+ 𝜇𝜇

+ 𝜇𝜇
+

+

𝜕𝜕𝐻𝐻𝑦𝑦
𝜕𝜕𝑡𝑡
𝜕𝜕𝐻𝐻𝑧𝑧
𝜕𝜕𝑡𝑡

𝜕𝜕𝐸𝐸𝑧𝑧

𝜕𝜕𝑧𝑧
𝜕𝜕𝐻𝐻𝑧𝑧
𝜕𝜕𝑧𝑧

=0
=0

=0

(5)
(6)
(7)
(8)

=0

Consider the following functions (proposed in [7]) that satisfy this system
of equations:
𝐸𝐸𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡) = 𝑒𝑒𝑥𝑥 cos(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾) sin(𝜔𝜔𝜔𝜔), (9)
𝐸𝐸𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡) = 𝑒𝑒𝑦𝑦 sin(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾) cos(𝜔𝜔𝜔𝜔), (10)
𝐸𝐸𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡) = 𝑒𝑒𝑧𝑧 sin(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾) sin(𝜔𝜔𝜔𝜔), (11)
𝐻𝐻𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡) = ℎ𝑥𝑥 sin(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾) sin(𝜔𝜔𝜔𝜔), (12)
𝐻𝐻𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡) = ℎ𝑦𝑦 cos(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾) cos(𝜔𝜔𝜔𝜔), (13)
𝐻𝐻𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡) = ℎ𝑧𝑧 cos(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾) cos(𝜔𝜔𝜔𝜔), (14)
where
e x , e y , ez , hx , h y , hz are constant amplitudes of functions,
𝛼𝛼, 𝛽𝛽, 𝜆𝜆, 𝜔𝜔 are constants.
Differentiating (9-14) and substituting the obtained in (1-8), after reducing
the common factors, we get:
(15)
ℎ𝑧𝑧 𝛽𝛽 − ℎ𝑦𝑦 𝛾𝛾 + 𝑒𝑒𝑥𝑥 𝜀𝜀𝜀𝜀 = 0
ℎ𝑥𝑥 𝛾𝛾 − ℎ𝑧𝑧 𝛼𝛼 + 𝑒𝑒𝑦𝑦 𝜀𝜀𝜀𝜀 = 0
(16)
ℎ𝑦𝑦 𝛼𝛼 − ℎ𝑥𝑥 𝛽𝛽 + 𝑒𝑒𝑧𝑧 𝜀𝜀𝜀𝜀 = 0
(17)
𝑒𝑒𝑧𝑧 𝛽𝛽 − 𝑒𝑒𝑦𝑦 𝛾𝛾 − ℎ𝑥𝑥 𝜇𝜇𝜇𝜇 = 0
(18)
𝑒𝑒𝑥𝑥 𝛾𝛾 − 𝑒𝑒𝑧𝑧 𝛼𝛼 − ℎ𝑦𝑦 𝜇𝜇𝜇𝜇 = 0
(19)
𝑒𝑒𝑦𝑦 𝛼𝛼 − 𝑒𝑒𝑥𝑥 𝛽𝛽 − ℎ𝑧𝑧 𝜇𝜇𝜇𝜇 = 0
(20)
𝑒𝑒𝑥𝑥 𝛼𝛼 + 𝑒𝑒𝑦𝑦 𝛽𝛽 + 𝑒𝑒𝑧𝑧 𝛾𝛾 = 0
(21)
ℎ𝑥𝑥 𝛼𝛼 + ℎ𝑦𝑦 𝛽𝛽 + ℎ𝑧𝑧 𝛾𝛾 = 0
(22)
Consider the solution of the resulting system of equations found in
[8]. Since the system is symmetric, we take
𝛼𝛼 = 𝛽𝛽 = 𝜆𝜆.
(23)
In this case, the system of equations (15-22) takes the form:
ℎ𝑧𝑧 − ℎ𝑦𝑦 + 𝑒𝑒𝑥𝑥 𝜀𝜀𝜀𝜀⁄𝛼𝛼
ℎ𝑥𝑥 − ℎ𝑧𝑧 + 𝑒𝑒𝑦𝑦 𝜀𝜀𝜀𝜀⁄𝛼𝛼
ℎ𝑦𝑦 − ℎ𝑥𝑥 + 𝑒𝑒𝑧𝑧 𝜀𝜀𝜀𝜀⁄𝛼𝛼
𝑒𝑒𝑧𝑧 − 𝑒𝑒𝑦𝑦 − ℎ𝑥𝑥 𝜇𝜇𝜇𝜇⁄𝛼𝛼
48

=0
=0
=0
=0

(24)
(25)
(26)
(27)
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𝑒𝑒𝑥𝑥 − 𝑒𝑒𝑧𝑧 − ℎ𝑦𝑦 𝜇𝜇𝜇𝜇⁄𝛼𝛼 = 0
𝑒𝑒𝑦𝑦 − 𝑒𝑒𝑥𝑥 − ℎ𝑧𝑧 𝜇𝜇𝜇𝜇⁄𝛼𝛼 = 0
𝑒𝑒𝑥𝑥 + 𝑒𝑒𝑦𝑦 + 𝑒𝑒𝑧𝑧 = 0
ℎ𝑥𝑥 + ℎ𝑦𝑦 + ℎ𝑧𝑧 = 0

(28)
(29)
(30)
(31)

In the system of equations (24-31), equations (30, 31) follow directly
from the previous ones. Indeed, adding up equations (27-29), we obtain
(31), and adding (24-26), we obtain (30).
The first 6 equations in system (24-31) with 6 unknowns are
independent and the amplitudes of the functions 𝑒𝑒𝑥𝑥 , 𝑒𝑒𝑦𝑦 , 𝑒𝑒𝑧𝑧 , ℎ𝑥𝑥 , ℎ𝑦𝑦 , ℎ𝑧𝑧 can
be found from them.
We will seek a solution to system (24-29) for
ℎ𝑧𝑧 = 0.
(32)
Then this system will take the form:
𝑒𝑒𝑥𝑥 𝜀𝜀𝜀𝜀⁄𝛼𝛼 − ℎ𝑦𝑦 = 0,
𝑒𝑒𝑦𝑦 𝜀𝜀𝜀𝜀⁄𝛼𝛼 + ℎ𝑥𝑥 = 0,
𝑒𝑒𝑧𝑧 𝜀𝜀𝜀𝜀⁄𝛼𝛼 − ℎ𝑥𝑥 + ℎ𝑦𝑦 = 0,
−𝑒𝑒𝑦𝑦 + 𝑒𝑒𝑧𝑧 − ℎ𝑥𝑥 𝜇𝜇𝜇𝜇⁄𝛼𝛼 = 0,
𝑒𝑒𝑥𝑥 − 𝑒𝑒𝑧𝑧 − ℎ𝑦𝑦 𝜇𝜇𝜇𝜇⁄𝛼𝛼 = 0,
−𝑒𝑒𝑥𝑥 + 𝑒𝑒𝑦𝑦 = 0.

(33)
(34)
(35)
(36)
(37)
(38)

The solution to system (33-38) has the form of equations (32) and
ℎ𝑦𝑦 = −ℎ𝑥𝑥 ,
(39)
ℎ 𝛼𝛼

𝑥𝑥
𝑒𝑒𝑥𝑥 = − 𝜀𝜀𝜀𝜀
,
𝑒𝑒𝑦𝑦 = 𝑒𝑒𝑥𝑥 ,
𝑒𝑒𝑧𝑧 = −2𝑒𝑒𝑥𝑥 .

(40)
(41)
(42)

3. Energy of WAP

We write strengths (9-14) in the form
𝐸𝐸𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)
𝑒𝑒𝑥𝑥 cos(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾)
𝐸𝐸 = �𝐸𝐸𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)� = �𝑒𝑒𝑦𝑦 � �sin(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾)� sin(𝜔𝜔𝜔𝜔) (43)
𝑒𝑒𝑧𝑧 sin(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾)
𝐸𝐸𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)

ℎ𝑥𝑥 sin(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾)
𝐻𝐻𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)
𝐻𝐻 = �𝐻𝐻𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)� = �ℎ𝑦𝑦 � �cos(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾)� cos(𝜔𝜔𝜔𝜔) (44)
𝐻𝐻𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡)
ℎ𝑧𝑧 cos(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾)
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Let us denote the parts of these expressions that are independent of time:
𝐸𝐸�𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
𝑒𝑒𝑥𝑥 cos(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾)
𝐸𝐸� = �𝐸𝐸�𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)� = �𝑒𝑒𝑦𝑦 � �sin(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝛾𝛾)�
𝑒𝑒𝑧𝑧 sin(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾)
𝐸𝐸�𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)

�𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
𝐻𝐻
ℎ𝑥𝑥 sin(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾)
�𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)� = �ℎ𝑦𝑦 � �cos(𝛼𝛼𝛼𝛼)sin(𝛽𝛽𝛽𝛽)cos(𝛾𝛾𝛾𝛾)�
� = �𝐻𝐻
𝐻𝐻
�𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
ℎ𝑧𝑧 cos(𝛼𝛼𝛼𝛼)cos(𝛽𝛽𝛽𝛽)sin(𝛾𝛾𝑧𝑧)
𝐻𝐻

(45)

(46)

Let us now find the square of the modulus of the total strengths:

𝐸𝐸 2 = �𝐸𝐸𝑥𝑥2 + 𝐸𝐸𝑦𝑦2 + 𝐸𝐸𝑧𝑧2 �,
𝐻𝐻2 = �𝐻𝐻𝑥𝑥2 + 𝐻𝐻𝑦𝑦2 + 𝐻𝐻𝑧𝑧2 �.

(47)
(48)

From (43-48) we find:

2

2

2

𝐸𝐸 2 = ��𝐸𝐸� 𝑥𝑥 + 𝐸𝐸� 𝑦𝑦 + 𝐸𝐸� 𝑧𝑧 � sin2 (𝜔𝜔𝜔𝜔)�

We denote:

Then we get:

2

2

2

� 𝑥𝑥 + 𝐻𝐻
� 𝑦𝑦 + 𝐻𝐻
� 𝑧𝑧 � cos2 (𝜔𝜔𝜔𝜔)�
𝐻𝐻2 = ��𝐻𝐻
2

2

2

(49)

(50)

|𝐸𝐸 2 | = �𝐸𝐸� 𝑥𝑥 + 𝐸𝐸� 𝑦𝑦 + 𝐸𝐸� 𝑧𝑧 �

(51)

2

(52)

𝐸𝐸 2 = ��𝐸𝐸 2 � sin2 (𝜔𝜔𝜔𝜔)�
𝐻𝐻2 = ��𝐻𝐻2 � cos2 (𝜔𝜔𝜔𝜔)�

(53)

−

2

2

� 𝑥𝑥 + 𝐻𝐻
� 𝑦𝑦 + 𝐻𝐻
� 𝑧𝑧 �
|𝐻𝐻2 | = �𝐻𝐻

(54)

Let us write expressions (45, 46) using the solution obtained above (32, 39,
40, 41, 42):
𝐸𝐸�𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
1
𝐸𝐸� = �𝐸𝐸�𝑦𝑦 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)� = 𝑒𝑒𝑥𝑥 𝐸𝐸� � 1 �
(55)
−2
𝐸𝐸�𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
�𝑥𝑥 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
𝐻𝐻
1
𝜀𝜀𝜀𝜀 �
�
�
(𝑥𝑥,
𝐻𝐻 = �𝐻𝐻𝑦𝑦 𝑦𝑦, 𝑧𝑧)� = 𝑒𝑒𝑥𝑥 𝛼𝛼 𝐻𝐻 �−1�
0
�𝑧𝑧 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
𝐻𝐻

Let us find from (49, 50, 55, 56) the squares of the total strengths:
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2

2

𝐸𝐸 2 = �𝐸𝐸� 𝑥𝑥 + 𝐸𝐸� 𝑦𝑦 + 𝐸𝐸� 𝑧𝑧 � sin2 (𝜔𝜔𝜔𝜔) = 6𝑒𝑒2𝒙𝒙 sin2 (𝜔𝜔𝜔𝜔) ∙ 𝐸𝐸� (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
2

2

𝜀𝜀𝜀𝜀 2

2

(57)

� 𝑥𝑥 + 𝐻𝐻
� 𝑦𝑦 + 𝐻𝐻
� 𝑧𝑧 � cos2 (𝜔𝜔𝜔𝜔) =2� � 𝑒𝑒𝒙𝒙2 cos2 (𝜔𝜔𝜔𝜔)𝐻𝐻�2 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
𝐻𝐻2 = �𝐻𝐻
𝛼𝛼
(58)

Thus, the modules of these squares
𝟐𝟐
�𝑬𝑬 � = 6𝑒𝑒𝑥𝑥2 ∙ 𝐸𝐸� 2 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)

(59)

𝜀𝜀𝜀𝜀 2

2

� 2 (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)
�𝐻𝐻 � =2� 𝛼𝛼 � 𝑒𝑒𝑥𝑥2 𝐻𝐻
(60)
Let us consider a volume in which the integrals of sine and cosine
are equal along any coordinate, and we will call such a volume agreed
volume V. In such a volume, for any values of coordinates, the following
conditions are satisfied:
𝛼𝛼Х
𝛽𝛽𝛽𝛽
𝛾𝛾𝛾𝛾
�
− integer� , � − integer� , � − integer�,
2𝜋𝜋
2𝜋𝜋
2𝜋𝜋
where X, Y, Z are the length of the segment of the coordinate axis located
inside the volume V. In the agreed volume, for each such segment,
conditions of the form
� cos2 (𝛼𝛼𝛼𝛼)𝑑𝑑𝑑𝑑 = � sin2 (𝛼𝛼𝛼𝛼)𝑑𝑑𝑑𝑑
Х

𝑋𝑋

Consider, for an agreed volume, the ratio of modules (59, 60)
where

2

𝜀𝜀𝜀𝜀 2

2

�𝐸𝐸 ���𝐻𝐻 � = �6�2 � 𝛼𝛼 � � 𝑞𝑞

(61)

�2
𝑞𝑞 = 𝐸𝐸� 2⁄𝐻𝐻
(62)
Calculation using this formula gives a wonderful result:
𝑞𝑞 = 1.5.
(63)
This constant is NOT dependent on the size of the agreed volume.
Therefore, for the agreed volume, the following condition can also be
satisfied
2

2

𝑈𝑈 = 𝜀𝜀 �𝐸𝐸 � = 𝜇𝜇 �𝐻𝐻 �.
The energy density is
𝟐𝟐

𝟐𝟐

𝑊𝑊 = 𝜀𝜀 𝑬𝑬 + 𝜇𝜇 𝑯𝑯

From (53, 54, 65) we get:

(64)

2

(65)
2

𝑊𝑊 = 𝜀𝜀 �𝐸𝐸 � sin2(𝜔𝜔𝜔𝜔) + 𝜇𝜇 �𝐻𝐻 � cos 2 (𝜔𝜔𝜔𝜔).
Из (64, 66) следует, что
𝑊𝑊 = 𝑈𝑈(sin2(𝜔𝜔𝜔𝜔) + cos 2 (𝜔𝜔𝜔𝜔)) = 𝑈𝑈,
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i.e. when condition (67) is satisfied, the energy density in the volume does
not depend on time. In other words, a standing wave is created in the
agreed volume, which does not radiate.
The 𝑈𝑈 value is constant. Therefore, for a matched volume, the
expression for the energy Wo in the entire volume V has the form:
𝑊𝑊𝑜𝑜 = 𝑈𝑈 ∙ 𝑉𝑉.
(68)
Consequently, in a constant by magnitude of agreed volume, the
energy of an electromagnetic wave does not depend on time, i.e. remains
constant. This means that under the indicated conditions it is true
Statement 1.
WAP, like a standing electromagnetic wave, can exist
in agreed volume.
The flow of energy can be thought of as a flow of energy quanta.
The line of motion of a quantum of energy, obviously, should be such that
the time derivative of energy remains zero. Let us find the equation of this
derivative from (66)
𝑑𝑑𝑑𝑑

= 2𝜔𝜔 sin(𝜔𝜔𝜔𝜔) cos(𝜔𝜔𝜔𝜔) ∙ (𝜀𝜀|𝐸𝐸 2 | − 𝜇𝜇|𝐻𝐻2 |).

(69)
From here we find the equation of the line of the same energy density at a
given time:
𝑑𝑑𝑑𝑑

2

2

�𝜀𝜀 �𝐸𝐸 � − 𝜇𝜇 �𝐻𝐻 �� = 0.

(70)

4. Energy flow of WAP

The energy flux densities by coordinates are determined by the
formula
𝐸𝐸𝑦𝑦 𝐻𝐻𝑧𝑧 − 𝐸𝐸𝑧𝑧 𝐻𝐻𝑦𝑦
𝑆𝑆𝑥𝑥
𝑆𝑆
𝑆𝑆 = � 𝑦𝑦 � = (𝐸𝐸 × 𝐻𝐻) = � 𝐸𝐸𝑧𝑧 𝐻𝐻𝑥𝑥 − 𝐸𝐸𝑥𝑥 𝐻𝐻𝑧𝑧 � =.
(71)
𝐸𝐸𝑥𝑥 𝐻𝐻𝑦𝑦 − 𝐸𝐸𝑦𝑦 𝐻𝐻𝑥𝑥
𝑆𝑆𝑧𝑧
where the functions 𝐸𝐸, 𝐻𝐻 are determined from (9-14). The modulus of the
total vector of the energy flux density has the form:
2
2
𝑆𝑆𝑜𝑜 = �𝐸𝐸𝑦𝑦 𝐻𝐻𝑧𝑧 − 𝐸𝐸𝑧𝑧 𝐻𝐻𝑦𝑦 � + (𝐸𝐸𝑧𝑧 𝐻𝐻𝑥𝑥 − 𝐸𝐸𝑥𝑥 𝐻𝐻𝑧𝑧 )2 + �𝐸𝐸𝑥𝑥 𝐻𝐻𝑦𝑦 − 𝐸𝐸𝑦𝑦 𝐻𝐻𝑥𝑥 � (72)
This quantity is equal to zero if three terms in (34) are simultaneously equal
to zero. We will write this condition as:
��𝐸𝐸𝑦𝑦 𝐻𝐻𝑧𝑧 − 𝐸𝐸𝑧𝑧 𝐻𝐻𝑦𝑦 �, (𝐸𝐸𝑧𝑧 𝐻𝐻𝑥𝑥 − 𝐸𝐸𝑥𝑥 𝐻𝐻𝑧𝑧 ), �𝐸𝐸𝑥𝑥 𝐻𝐻𝑦𝑦 − 𝐸𝐸𝑦𝑦 𝐻𝐻𝑥𝑥 �� = 0. (73)
Consequently, the locus of points of zero energy flux density is described
by the system of equations (73). In this equation, each parenthetical term
has a common factor depending on time - see (43-44). If we are looking
for a geometrical place that does not change in time, then we can cancel
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these factors. Then, taking into account the designations (45, 46), we
obtain that the locus of points of zero energy flux density, which does not
change in time, is described by a system of equations
�𝑧𝑧 − 𝐸𝐸�𝑧𝑧 𝐻𝐻
�𝑦𝑦 �, �𝐸𝐸�𝑧𝑧 𝐻𝐻
�𝑥𝑥 − 𝐸𝐸�𝑥𝑥 𝐻𝐻
�𝑧𝑧 �, �𝐸𝐸�𝑥𝑥 𝐻𝐻
�𝑦𝑦 − 𝐸𝐸�𝑦𝑦 𝐻𝐻
�𝑥𝑥 �� = 0. (74)
��𝐸𝐸�𝑦𝑦 𝐻𝐻
This system of equations with three coordinates describes a surface where
there is no energy flow. If this surface is closed and continuous, then it is
the equation of the WAP boundary. It is such a surface that limits the
WAP. It is important to emphasize that this is not a surface where the
structure of the medium experiences a jump in any parameter of the
medium. So,
Statement 2.
WAP can exist within a closed and continuous boundary, the
equation of which has the form (74).
First of all, consider the cubic form proposed in [11]. In order for
the cube not to radiate from the surface хоу, it is necessary that at all points
of this surface the condition
(75)
𝐸𝐸𝑥𝑥 𝐻𝐻𝑦𝑦 = 0 и 𝐸𝐸𝑦𝑦 𝐻𝐻𝑥𝑥 = 0.
The function sin(𝛼𝛼𝛼𝛼) is present in the definition of one of the
functions indicated in condition (75). If the origin of coordinates is in the
center of the cube and α is the length of the half-edge of the cube, then the
functions sin(𝛼𝛼𝛼𝛼) are equal to zero on the faces of the cube and, therefore,
condition (75) is satisfied. Similar conditions are met on other faces of the
cube. Therefore, Statement 2 is true. In addition, Statement 1 holds for
such a cube is true. Thus, WAP can exist in the volume of the cube.

5. The momentum and mass of WAP

The well-known Umov formula connects the energy density and
energy flow with the speed of this flow:
𝑆𝑆
𝑣𝑣 = 𝑤𝑤.
(76)
It is possible that this speed is different for different flow lines.
So, there is a flow of energy inside a constant volume with a certain
speed 𝑣𝑣. As you know, an electromagnetic wave, together with a flow of
energy, has momentum and mass. Consequently, the described standing
wave in a agreed volume has momentum and mass even in the case when
the volume is at rest.
The densities of these quantities are related to each other and to the
velocity of propagation of electromagnetic energy by the known relations
(76) and
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𝑤𝑤

Consequently,

𝑝𝑝 = 𝑣𝑣 ,

(77)

𝑝𝑝

𝑚𝑚 = 𝑣𝑣 .

(78)

𝑤𝑤 3

𝑚𝑚 = 𝑆𝑆2 .
(79)
This electromagnetic mass pulsates along with the flow of
electromagnetic energy. However, the center of mass does not change
position. Consequently, WAP can be considered both as a standing wave
and as the volume of a pulsating mass with a constant center of mass.

6. Wave frequency of WAP
From (61, 62) we find:

�6𝑞𝑞

|𝐸𝐸|

= 𝜀𝜀𝜀𝜀
|𝐻𝐻|
𝛼𝛼

√2

=

𝛼𝛼 �3𝑞𝑞
𝜀𝜀𝜀𝜀

.

(80)

Condition (64) is satisfied for the agreed volume. Consequently
�𝜀𝜀�𝐸𝐸 2 ��

(𝜇𝜇|𝐻𝐻 2 |)

or

=1

𝜇𝜇

|𝐸𝐸|

𝛼𝛼 �3𝑞𝑞

=�

� 𝜀𝜀 = |𝐻𝐻|.

From (80, 82) we find:

𝜀𝜀𝜀𝜀

or

𝜔𝜔 =

(82)

𝜇𝜇

(83)

𝜀𝜀

𝛼𝛼 �3𝑞𝑞
√𝜇𝜇𝜇𝜇

(81)

= 𝑐𝑐𝑐𝑐�3𝑞𝑞.

(84)

Thus, the frequency of a standing wave in an agreed volume is determined
by the formula
or for 𝒒𝒒 = 𝟏𝟏. 𝟓𝟓

𝑓𝑓 =

𝜔𝜔

2𝜋𝜋

=

𝑐𝑐𝑐𝑐

2𝜋𝜋

�3𝑞𝑞

(85)

𝑓𝑓 ≈ 0.34𝑐𝑐𝑐𝑐.
(86)
So, there is such a frequency of the electromagnetic wave, at which
the energy of the electromagnetic wave in the agreed volume remains
constant.

7. Conclusion

We have established two conditions that must be satisfied by the
region in which
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WAP, like a standing electromagnetic wave, can exist
in agreed volume.
WAP can exist within a closed and continuous boundary
The frequency of WAP standing wave is determined by the value of
the coefficient 𝛼𝛼.
We have found that WAP forms a closed area, has a certain shape
and volume. The size of WAP is determined by the value of the coefficient
𝛼𝛼. The results obtained can be applied for any arbitrarily small units of
length measurement.
The shape of the WAP area is such that multiple WAPs can be
adjacent to each other without gaps. Consequently, WAP groups can be of
any size. Thus, WAP of any size and regions of WAP of any size can exist.
Energy, momentum and mass of WAP are also determined only by
the value of the coefficient 𝛼𝛼. It can be assumed that the quantum of
energy is also WAP and the minimum value of 𝛼𝛼 is determined by the
magnitude of the energy of the quantum.
WAP does not have its own speed and its mechanical energy is
determined by its mass and the speed that it received when interacting with
other masses (including other WAP).
The internal pressure on the WAP border is equal to the energy
density at the border, although WAP does not have any shell. It can be
assumed that WAP behaves like an absolutely elastic body and transmits
the received impulse without changing its value. Then the WAP area also
behaves as a conductor of the impulse.
Obviously, WAP can form elementary particles and larger structures.
But we can assume that the vacuum is woven from WAP.

1.
2.
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The existing concept of the nature of nuclear forces has a
number of disadvantages. The article proves that these forces can
be substantiated as a consequence of Maxwell's equations. In this
case, it is assumed that the nucleons rotate around their own axis
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1. Introduction

They write: "The need to introduce the concept of strong interactions

arose in the 1930s, when it became clear that neither the phenomenon of
gravitational nor the phenomenon of electromagnetic interaction could
answer the question of what binds nucleons in nuclei." Strong interactions

between nucleons today are described in a very complex theory, containing
many assumptions and representing an "eclectic picture: next to

mathematically rigorous calculations, semi-quantitative approaches based on
quantum mechanical intuition are adjacent, which, however, perfectly
describe experimental data."

Below, we again attempt to describe strong interactions between
nucleons as a variant of gravitational interactions. The proposed theory
can be easily tested, since (as just said) there are excellently described
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experimental data - there will be no need for long discussions and
arguments.

2. Interaction of moving electric charges
q1

V2

V1

r

q2
Fig. 1.
Consider fig. 1, where at points A and B are shown two charges 𝑞𝑞1
and 𝑞𝑞2 , moving at speeds 𝑣𝑣1 and 𝑣𝑣2 , respectively. It is known [2] that the
magnetic induction of the field created by the charge 𝑞𝑞2 at the point where
the charge 𝑞𝑞1 is currently located is (hereinafter we use the SI system)
𝜇𝜇
𝐵𝐵 = 𝑞𝑞2 (𝑣𝑣2 × 𝑟𝑟)⁄𝑟𝑟 3 .
(1)
4𝜋𝜋
In this case, the vector 𝑟𝑟 is directed from the point where the moving
charge 𝑞𝑞2 is located. Lorentz force acting on charge 𝑞𝑞1 from the side of
charge 𝑞𝑞2 ,
𝐹𝐹12 = 𝑞𝑞1 �(𝑣𝑣1 − 𝑣𝑣2 ) × 𝐵𝐵�
(2)
or
𝜇𝜇
(3)
𝐹𝐹12 = 4𝜋𝜋 𝑞𝑞1 𝑞𝑞2 �(𝑣𝑣1 − 𝑣𝑣2 ) × (𝑣𝑣2 × 𝑟𝑟)��(𝑟𝑟 3 ).
Here (𝑣𝑣1 − 𝑣𝑣2 ) is the speed of movement of charge 𝑞𝑞1 relative to charge
𝑞𝑞2 , i.e. relative to the field with magnetic induction 𝐵𝐵. The projection of
force (3) onto the vector 𝑟𝑟 is denoted as
𝐹𝐹12𝑟𝑟 .
(5)
Similarly, the Lorentz force acting on the charge 𝑞𝑞2 from the side of the
charge 𝑞𝑞1
𝜇𝜇
𝐹𝐹21 = 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 �(𝑣𝑣2 − 𝑣𝑣1 ) × (𝑣𝑣1 × −𝑟𝑟)��(𝑟𝑟 3 ).
(6)
or
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𝜇𝜇
𝐹𝐹21 = − 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 �(𝑣𝑣2 − 𝑣𝑣1 ) × (𝑣𝑣1 × 𝑟𝑟)�⁄(𝑟𝑟 3 ).
(7)
The projection of force (7) onto the vector 𝑟𝑟 is denoted as
𝐹𝐹21𝑟𝑟 .
(7.1)
Obviously, the total force of attraction of charges 𝑞𝑞1 and 𝑞𝑞2 is equal to
𝐹𝐹 = 𝐹𝐹12𝑟𝑟 − 𝐹𝐹21𝑟𝑟 .
(7.2)
or is equal to the projection onto the vector 𝑟𝑟 of the force
�(𝑣𝑣1 − 𝑣𝑣2 ) × (𝑣𝑣2 × 𝑟𝑟)�
𝜇𝜇
𝐹𝐹 = 2 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 𝑟𝑟 −3 �
�.
(7.3)
+�(𝑣𝑣2 − 𝑣𝑣1 ) × (𝑣𝑣1 × 𝑟𝑟)�
This projection is
𝜇𝜇
𝐹𝐹𝑟𝑟 = 2 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 𝑟𝑟 −3 𝑓𝑓�𝑟𝑟 ,
(8)
where 𝑓𝑓�𝑟𝑟 is the projection onto the vector 𝑟𝑟 of the force
�(𝑣𝑣1 − 𝑣𝑣2 ) × (𝑣𝑣2 × 𝑟𝑟)�
𝑓𝑓 ̅ = �
�
(8a)
+�(𝑣𝑣2 − 𝑣𝑣1 ) × (𝑣𝑣1 × 𝑟𝑟)�
or
𝑓𝑓 ̅ = ��𝑣𝑣1 × (𝑣𝑣2 × 𝑟𝑟)� + �𝑣𝑣2 × (𝑣𝑣1 × 𝑟𝑟)��
(9)
It is known that the projection of the vector 𝑓𝑓�𝑟𝑟 onto the vector 𝑟𝑟 is
defined as
𝑓𝑓�𝑟𝑟 = �𝑓𝑓 ̅ ∙ 𝑟𝑟�⁄𝑟𝑟
(10)
From (8, 10) we find:
𝜇𝜇
𝐹𝐹𝑟𝑟 = 2 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 𝑟𝑟 −3 𝑓𝑓�𝑟𝑟 .
(11)
Here we neglect mechanical forces, considering massless charges.
Here we also neglect the forces of interaction of static charges.
However, the energy of this pair of electric charges is the energy of the
electric field of these charges. The appearance of the second charge next
to the first does not change the energy of the first and second charges.
Their mutual movement cannot change their overall energy. Thus, the
considered movement occurs without energy consumption. This process
can be compared with the movement of an electromagnetic wave: there is
movement, but the energy of the wave is conserved; there is a flow of
energy, but there is no change in the energy of the wave. In our case, there
is also a movement of charges (and the associated movement of energy),
but there is no change in the total energy.
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3. Interaction of rotating electrically charged
bodies

Let the charges 𝑞𝑞1 and q_2 be in the bodies 𝑇𝑇1 and 𝑇𝑇2 , respectively,
which rotate around their axis with angular velocities 𝜔𝜔1 and 𝜔𝜔2 ,
respectively. Then the vectors of linear velocities
𝑣𝑣1 = 𝜔𝜔1 × 𝑎𝑎1,
(12)
𝑣𝑣2 = 𝜔𝜔2 × 𝑎𝑎2,
(13)
In fig. 2 shows these bodies, charges 𝑞𝑞1 and 𝑞𝑞2 and vectors 𝑎𝑎1 and
𝑎𝑎2 of the positions of these charges. We have:
𝑎𝑎2 + 𝑟𝑟 − 𝑎𝑎1 − 𝐿𝐿 = 0
(14)
or
𝑟𝑟 = 𝑎𝑎1 + 𝐿𝐿 − 𝑎𝑎2 .
(15)
Thus, it follows from (11, 12, 13) that
𝜇𝜇
𝐹𝐹𝑟𝑟 = 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 𝜔𝜔2 𝜔𝜔1 𝐹𝐹𝑟𝑟𝑟𝑟 (𝑎𝑎1 , 𝑎𝑎2 ),
(16)
or
𝐹𝐹𝑟𝑟𝑟𝑟 (𝑎𝑎1 , 𝑎𝑎2 ) = 𝑟𝑟 −4 �𝑓𝑓̅ ∙ 𝑟𝑟�
(17)
is the function defined by (15, 13, 12, 9) for the given 𝐿𝐿, 𝜔𝜔1 , 𝜔𝜔2 .
o1
a1
q1

L

q2

r

q2

a2
o2

Fig. 2.

4. Maxwell's equations for gravitomagnetism

In [3], the author proposed a new solution of Maxwell's equations
for gravitomagnetism, which is used to construct mathematical models of
various natural phenomena (sand vortex, sea currents, whirlpool, funnel,
water soliton, water and sand tsunami, turbulent flows, additional (nonNewtonian) interaction forces celestial bodies). All these models use the
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concept of mass currents as flows of mass particles. The speed of mass
particles can be very low and often their flow can be invisible as well as
the flow of electrons. But the existence of these phenomena and the
possibility of constructing these mathematical models, similar to
mathematical models of direct current in electrodynamics [4], confirm the
assumption of the existence of mass currents and the interaction of mass
particles, completely analogous to the interaction of electric charges.
Based on this, it can be assumed that any movement of a body is
accompanied by a mass current, similarly to how the rotation of a charged
body is accompanied by a convection electric current. Eichenwald [5]
showed that such a current creates magnetic induction. Based on the
complete analogy between Maxwell's equations for electrodynamics and
gravitomagnetism [2], it can be argued that when a body moves,
gravitomagnetic induction is created. A mass m moving in a gravimagnetic
field with a speed v is acted upon by the Lorentz gravitomagnetic force
(analogue of the Lorentz magnetic force).
In electrodynamics, the magnetic induction 𝐵𝐵 is defined through the
magnetic strength 𝐻𝐻 as 𝐵𝐵 = 𝜇𝜇𝐻𝐻, where 𝜇𝜇 is the absolute magnetic
permeability of the medium, and for vacuum 𝜇𝜇 ≈ 10−6..
In electrodynamics, gravitomagnetic induction 𝐵𝐵 is defined through
gravitomagnetic strength 𝐻𝐻 as
𝐵𝐵 = 𝐺𝐺𝜉𝜉𝜉𝜉 ,
(18)
−11
12
where 𝐺𝐺 ≈ 10
is the gravitational constant, 𝜉𝜉 ≈ 10 is the coefficient
of the gravitational permeability of the vacuum determined
experimentally. For what follows, note that
𝐺𝐺𝜉𝜉 ≈ 107 𝜇𝜇 ,
(19)
Thus, the formulas used above are applicable in gravitomagnetism when
the coefficient 𝜇𝜇 is replaced by the coefficient 𝐺𝐺𝜉𝜉. At the same time, we
can use the entire mathematical apparatus (including designations)
described above in application to electrodynamics to describe the
interaction of bodies with mass, and by charges we mean elementary
masses - EM.

5. Some properties of nucleons.

We use the above to describe the interaction of nucleons. In this
case, we will assume that the nucleon is a ball with a uniform distribution
of mass over the volume, has an angular velocity of rotation around its
own axis, and this axis retains its orientation when the nucleon moves. We
can apply several previous conclusions directly to nucleons. We use the
above to describe the interaction of nucleons. In this case, we will assume
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that the nucleon is a ball with a uniform distribution of mass over the
volume, has an angular velocity of rotation around its own axis, and this
axis retains its orientation when the nucleon moves. We can apply several
previous conclusions directly to nucleons.
Nucleons contain many uniformly distributed EMs. By integrating
functions (16, 17) over the volumes of two nucleons, one can find the
function of attraction of these nucleons. If 𝑞𝑞2 , 𝑞𝑞1 is EM, then the force of
attraction of two nucleons with volumes 𝑉𝑉 is determined by (16, 17) as
𝜇𝜇
𝐹𝐹𝑉𝑉 = ∫𝑉𝑉 𝐹𝐹𝑟𝑟 𝑑𝑑𝑑𝑑 = 4𝜋𝜋 𝑞𝑞2 𝑞𝑞1 𝜔𝜔2 𝜔𝜔1 ∫𝑉𝑉 𝐹𝐹𝑟𝑟𝑜𝑜 (𝑎𝑎1 , 𝑎𝑎2 )𝑑𝑑𝑑𝑑 . (21)
Total nucleon mass
𝑄𝑄 = ∫𝑉𝑉 𝑞𝑞𝑞𝑞𝑞𝑞 .
(22)
3
If the nucleon body is divided into 𝑛𝑛 elements containing EM 𝑞𝑞, then
𝑞𝑞 = 𝑄𝑄/𝑛𝑛3 .
(23)
Then the force of attraction of two nucleons with volumes 𝑉𝑉 is
𝐹𝐹𝑉𝑉 = ∑𝑉𝑉�𝐹𝐹𝑟𝑟 � = 𝐴𝐴𝑛𝑛−3 ∑𝑉𝑉�𝐹𝐹𝑟𝑟𝑟𝑟 �,
(24)
where
𝜇𝜇
𝐴𝐴 = 4𝜋𝜋 𝑄𝑄2 𝑄𝑄1 𝜔𝜔2 𝜔𝜔1 .
(24а)
Further we will refer to the programs in which it is indicated:
𝐷𝐷 is the nucleon diameter,
𝑅𝑅 is the distance between nucleon centers,
𝛿𝛿 is the gap between nucleons (along the line connecting the nucleon
centers).
Wherein
𝐿𝐿 = 𝐷𝐷 + 𝛿𝛿,
(25)
�𝐿𝐿 = [𝐿𝐿, 0,0].
(26)
In the above examples, the relative force of interaction is
indicated, namely, the ratio of this interaction force (24) to the nucleon
diameter D:
𝐹𝐹𝑉𝑉0 = 𝐹𝐹𝑉𝑉 ⁄𝐷𝐷.
(27)
Example 1 shows that А=1
𝐹𝐹𝑉𝑉0 ≈ 𝑒𝑒 −5(log(𝐷𝐷)+1) .
From (27, 28) we get:
𝐹𝐹𝑉𝑉0 ⁄𝐴𝐴 ≈ 𝑒𝑒 −(6log(𝐷𝐷)+5) = 10− log(𝑒𝑒)(6log(𝐷𝐷)+5) =
= 10−0.43(6log(𝐷𝐷)+5) = 10−(2.6log(𝐷𝐷)+2.2) ,
𝐹𝐹𝑉𝑉 = 𝐴𝐴𝐷𝐷𝐹𝐹𝑉𝑉0 = 𝐴𝐴𝐷𝐷10−(2.6log(𝐷𝐷)+2.2) .
Let be
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𝐷𝐷 = 10−𝑎𝑎 .

Then

(31)

𝐹𝐹𝑉𝑉 = 𝐴𝐴𝐷𝐷𝐹𝐹𝑉𝑉0 = 𝐴𝐴 ∙ 10(2.6𝑎𝑎−2.2) .

(32)

For comparison, consider the Coulomb repulsion force of two
touching nucleons:
1 𝑞𝑞 𝑞𝑞
𝑞𝑞 𝑞𝑞
𝐹𝐹𝑘𝑘 = 4𝜋𝜋𝜋𝜋 𝐷𝐷22⁄14 ≈ 𝜋𝜋𝜋𝜋22101−11
(33)
or, taking into account (31),
𝑄𝑄 𝑄𝑄
𝐹𝐹𝑘𝑘 ≈ 2𝜋𝜋 1 102𝑎𝑎+11 .
(34)
In this way,
𝐹𝐹𝑉𝑉 𝐴𝐴 ∙ 10(2.6𝑎𝑎−2.2)
𝐴𝐴𝐴𝐴
(0.6𝑎𝑎−13.2)
≈
�𝑄𝑄2 𝑄𝑄1 2𝑎𝑎+11 = 𝑄𝑄 𝑄𝑄 10
𝐹𝐹𝑘𝑘
2 1
𝜋𝜋 10
or, taking into account (24),
𝐹𝐹𝑉𝑉

𝐹𝐹𝑘𝑘

≈

𝜋𝜋𝜋𝜋𝜔𝜔2 𝜔𝜔1
4𝜋𝜋

10(0.6𝑎𝑎−13.2) ≈ 𝜔𝜔2 𝜔𝜔1 10(0.6𝑎𝑎−19) .

(35)

It is known that the size of a nucleon is such that 𝑎𝑎 = 15. Then
from (35) we obtain:
𝐹𝐹𝑉𝑉

𝐹𝐹𝑘𝑘

≈ 𝜔𝜔2 𝜔𝜔1 10−10 .

(36)

This means that the repulsive force of two nucleons rotating with
the same angular velocity 𝜔𝜔 about their own axis is greater than the force
of the Coulomb attraction of like-charged nucleons at 𝜔𝜔 > 10−5 .
What happens when uncharged nucleons approach each other? It
can be assumed that when a proton and a neutron approach each other,
the latter becomes polarized. Further, the process follows the above
scenario. However, the author has not seen any reports on the possible
polarization of neutrons.
Below we will consider the repulsion of uncharged nucleons as
particles of mass.
Example 1 also shows that there is a certain amount of clearance
𝛿𝛿 = 35𝐷𝐷
(37)
such that further decreasing the gap does NOT increase the force of
interaction.
In example 2, the relations between the vectors 𝜔𝜔1 , 𝜔𝜔2 , 𝐿𝐿� are
sought, for which there is a contact of nucleons and the interaction force
is directed strictly along the vector L. The existence of such a ratio would
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mean that the contact of nucleons is a stable state. It is shown that such a
relationship does NOT exist! This means that in a stable position there is
a gap between the nucleons. A change in this position causes such an
interaction force that returns the nucleons to their previous position. In
this position, of course, there is some interaction force, but movement
towards this force only increases this force, which creates stability. Finding
such a situation and solving other problems requires a large amount of
computation and analysis. In addition, you must have access to the analysis
of experimental data. The author invites to cooperation.
The product �𝛿𝛿 ∙ 𝐹𝐹𝑉𝑉 � can be called the potential binding energy of
two nucleons. The nucleons combine so as to minimize the potential
energy of interaction. In this case, they are rotated by the forces of
interaction relative to each other, without changing the orientation of the
vectors 𝜔𝜔.
It can be assumed that the configuration of the molecule is also
determined by the interaction between the nucleons of the atoms, and the
configuration of the crystals is determined by the interaction between the
nucleons of the neighboring atoms of the adjoining molecules.

Application

Example 1. Program “yadra3.m”
In the program, 𝜔𝜔1 = [1,0,0], 𝜔𝜔2 = −𝜔𝜔1 . The horizontal in the
graphs is the axis of the variable parameter "x". With the indicated
𝜔𝜔1 , 𝜔𝜔2 , 𝐿𝐿� in the force 𝐹𝐹𝑉𝑉 , the component directed along the vector (6)
prevails. All results refer only to this component - see fig. 3.
q2
omega1

o1

a2

L

a1
q1

q2

o2

r

omega2

Fig. 3.
In fig. 1, window 1 shows the natural logarithm of the function 𝐹𝐹𝑉𝑉0
depending on 𝐷𝐷 for 𝑛𝑛 = 10, 𝑄𝑄1 = 𝑄𝑄2 = 𝑛𝑛3 , 𝛿𝛿 = 10−3𝐷𝐷 . Moreover, 𝐷𝐷 =
10−𝑥𝑥 . This dependence can be approximated by a function of the form
ln�𝐹𝐹𝑉𝑉0 � ≈ 5(𝑥𝑥 − 1) = −5(log(𝐷𝐷) + 1).
(30)
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In fig. 1 in window 2 shows the natural logarithm of the function ¯
𝐹𝐹𝑉𝑉0 versus 𝑛𝑛 for 𝑄𝑄1 = 𝑄𝑄2 = 103 , 𝛿𝛿 = 10−3𝐷𝐷 , 𝐷𝐷 = 10−7. Moreover, 𝑛𝑛
=5𝑥𝑥. It can be seen that after n=5 the calculation accuracy does NOT
increase with increasing n. It is important to consider this when developing
research programs.
In fig. 1 in window 3 shows the natural logarithm of the function
𝐹𝐹𝑉𝑉0 depending on 𝛿𝛿 for 𝑛𝑛 = 10, 𝑄𝑄1 = 𝑄𝑄2 = 𝑛𝑛3 , 𝐷𝐷 = 10−7 . При этом
𝛿𝛿 = 3−𝐷𝐷𝑥𝑥 . Moreover, 𝛿𝛿 = 3−5𝐷𝐷 . It is seen that after 𝛿𝛿 = 3−5𝐷𝐷 the
attractive force does NOT increase with decreasing 𝛿𝛿.
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Example 2. Program “yadra4.m”
In this program, for given vectors 𝜔𝜔1 , 𝜔𝜔2 and for δ = 0, all possible
positions of the vectors 𝐿𝐿� in spherical coordinates 𝜑𝜑, 𝜃𝜃 are sorted out. In
fig. 5, the first window shows the graph of the modulus of the vector
product of the vectors 𝐹𝐹𝑉𝑉0 and 𝐿𝐿�. The fact that this vector is not equal to
zero indicates that the vectors being multiplied are not collinear. The
second window shows the modulus of the vector 𝐹𝐹𝑉𝑉0 .
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Real relativity theory.
Kinematics
Abstract

There are considered theoretical and experimental evidences
that bodies, moving relatively to physical vacuum, don’t experience
Lorentz’s contraction in its movement direction, and expand in plane,
perpendicular to this direction, moreover this expansion is not
kinematic, but dynamic effect. Based on this and based on
experimentally established «time dilatation» fact in the moving
reference frames, differing from both Lorentz transformation and
Eagl-Tangherlini (ETT-theory) transformations, space-time
coordinates transformations are postulated. Based on these, new
relativistic theory is built. Author called this theory as «real» theory. It
clarifies most of the ETT theory achievements, satisfies
correspondence principle and is free from paradoxes. Its relations,
unlike similar ETT-theory relations, have a certain symmetry.
According to this theory, light speed in moving reference frames is
anisotropic, but its «bilateral» value is independent on direction.

1. What makes us abandon Lorentz/Eagle–Tangerlini
transformations?
1.1. In 1887 W. Voigt developed its «elastic» light theory [1], where
he used non Galileo coordinates/time transformations:
𝑥𝑥 ′ = 𝑥𝑥 − υ𝑡𝑡,

𝑦𝑦 ′ =

𝑦𝑦
γ

𝑧𝑧

𝑧𝑧 ′ = ,

,

γ

𝑡𝑡 ′ = 𝑡𝑡 −

υ𝑥𝑥
𝑐𝑐 2

,

(where γ = (1 − β )
> 1, β = |υ|/𝑐𝑐, υ and 𝑐𝑐 are, respectively, body
speed and light speed relatively to ether). It turned out that wave
equation appeared to be invariant under these transformations. In
υ𝑥𝑥
1892 H.A. Lorentz introduced so called «local time» concept 𝑡𝑡 ′ = 𝑡𝑡 − 𝑐𝑐 2 .
But he considered this time as auxiliary mathematical, but not physical
quantity [2]. In 1892 –1893 Lorentz and, independently
of him, G.F. Fitzgerald made an attempt to explain «zero» results «ether
wind» speed relatively to Earth’s surface obtained in A. Michelson/E.
2 −1/2
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Morley experiments, and put forward moving bodies transverse (measured
along motion direction) sizes reduction γ times hypothesis while their
transverse sizes remain unchanged. In 1897, based on his incompressible
liquid theory, J.J. Larmor got transformations of the form
υ𝑥𝑥
𝑥𝑥 ′ = γ(𝑥𝑥 − υ𝑡𝑡), 𝑦𝑦 ′ = 𝑦𝑦 , 𝑧𝑧 ′ = 𝑧𝑧,
𝑡𝑡 ′ = γ �𝑡𝑡 − 2 �.
(1.1)
𝑐𝑐
These transformations were different from Voigt's transformations
only by factor γ availability in front of all equalities right-hand sides.
(Here 𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡 are arbitrary point event coordinates/time, measured in
stationary isotropic reference frame 𝐊𝐊0 , associated with ether, 𝑥𝑥 ′ , 𝑦𝑦 ′ , 𝑧𝑧 ′ , 𝑡𝑡′ are
the same event coordinates/time, measured in moving reference frame 𝐊𝐊′).
This theory was detailed in Larmor book «Ether and Matter» in 1900
[3]. There Larmor revealed velocities addition relativity law and
discovered several relativistic effects, in particular, time dilatation effect in
moving bodies, considering these as real dynamical phenomena. In 1904
Lorentz in his famous paper [4] got transformations (1) regardless
Larmor. In June 1905 there was published H. Poincare paper [5], where
Poincaré called transformations (1) as Lorentz transformations and has
analyzed these in terms of group theory. Finally, in about October 1905
there was published Albert Einstein paper [6], where ether existence (in
contrast to other authors representations) has been denied and
transformations (1) have been deduced from two postulates, namely,
relativity principle and light speed constancy principle, and several additional
assumptions. Wherein light speed constancy principle followed from
known distant from each other clock synchronization method, used by
Einstein.
In proposed by Einstein theory, called special relativity theory (SRT),
relativistic effects, including length reduction and time dilatation, are
interpreted as pure kinematic effects, since alleged ether lack don’t allow
to give these dynamic explanation. Therefore all SRT inertial reference
frames (IRF) are considered equal and relativistic effects are
explained differently unlike Larmor and Lorentzs. In particular, according
to SRT, from conditionally «stationary» observer viewpoint, any body
moving relatively to this observer has less length than this body
proper length, measured in its associated reference frame 𝐊𝐊′, and this
reference frame time passes more slowly than reference frame observer
time [7]. Consequently, in accordance with SRT moving body volume
turns out to be less than the same but stationary body volume according to
formula
𝑉𝑉′ = 𝑉𝑉�1 − β2 ,
(1.2)
where β = |υ⃗ |/𝑐𝑐, υ�⃗ is body's velocity vector, 𝑐𝑐 is vacuum light speed.
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Einstein was convinced that Lorentz reduction can be noticed
directly, for example, by visually watching or taking pictures of fast moving
body [6]. However more detailed study (in the SRT framework!) of fast
moving bodies visible form problem has shown that due to finite light
propagation speed and aberration effect visual observation or taking
pictures of these bodies wouldn’t revealed changes in their sizes, but these
bodies would seemed to us turned by certain angle around axis,
perpendicular to body's velocity vector [7–10]. This effect was qualitatively
confirmed in experiments with light pulses system, simulating dumbbell
and propagating in water (where light speed less than c) [11]. Moreover it
was recently discovered [12], that moving body shape will appear slightly
deformed.
1.2. In 1938 H.E. Ives and G.R. Stilwell in series of experiments
with fast moving ionized hydrogen molecules beam radiation confirmed
SRT predicted quadratic Doppler effect existence [13]. However, since
experimental method was different from SRT recommended method (in
particular, in it wasn’t necessary to synchronize clock in experiments),
Ives and Stilwell explained observed radiation frequency decrease not
from the SRT viewpoint, but as dynamic manifestation of molecules
motion relatively to ether. Further physical processes dilatation
phenomenon in moving objects was confirmed in experiments with
cosmic rays, by 𝜋𝜋-mesons decay in particle accelerators [14,15], in
T.S. Hafele/R.E. Keating experiments [16,17], in global positioning
satellite systems [18] and others. This phenomenon physical model, based
on particles time extended helical structure hypothesis, was proposed by
author in paper [19].
In the same 1938 A. Eagle in his paper [20] came to conclusion
that the only reason, because of which different inertial reference frames
observers, moving relatively to each other, can’t detect their movement
through ether is Einstein proposed spaced clock synchronization method,
not allowing to this movement to prove itself. Suggesting another
synchronization clocks way, Eagle came to following transformations:
𝑡𝑡
𝑥𝑥 ′ = γ(𝑥𝑥 − υ𝑡𝑡), 𝑡𝑡 ′ = ,
(1.3)
γ
where, as above, γ = (1 − β2 )−1/2 , β = |υ|/𝑐𝑐.
In 20 years in 1958 F. R. Tangherlini has got, independently of
Eagle, the same transformations (2). Complementing these
transformations by equities 𝑦𝑦 ′ = 𝑦𝑦 , 𝑧𝑧 ′ = 𝑧𝑧, Tangherlini called these
transformations system as «Absolute Lorentz transformations» [21]:
𝑡𝑡
𝑥𝑥 ′ = γ(𝑥𝑥 − υ𝑡𝑡), 𝑦𝑦 ′ = 𝑦𝑦 , 𝑧𝑧 ′ = 𝑧𝑧, 𝑡𝑡 ′ = .
(1.4)
γ
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(Notice that here and below references to formulas of type (n) refer to the
same section formulas and references to formulas of type (m. n) refer to
section m formulas).
However for almost 20 years Tangerlini's paper remained practically
unknown. Therefore it isn’t surprising that transformations (4) further
were obtained, independently of each other, by many other physicists (see,
e.g., [22–29]). And since 80s these were used as theoretical basis for
experimental searches for Lorentz invariance violations, leading to this or
that physical phenomena anisotropy in quantum optics, elementary particle
physics, cosmology and etc. [30–37].
What is the fundamental difference between transformations (4),
which we call Eagle–Tangerlini transformations (ET-transformations) and
Lorentz transformation (1)? First of all it is that ET-transformations (4)
imply privileged (absolute) inertial reference frame 𝐊𝐊 0 , existence, where light
speed is isotropic. In this (and only in this) reference frame clocks
synchronization in accordance with Einstein method turns out to be
equivalent to absolute synchronization using infinitely fast signals. Clock in
all other reference frames are synchronized with nearby IRF 𝐊𝐊 0
clock taking into account experimentally confirmed moving clock pace
dilatation. Such clock synchronization, called external synchronization, is
described by last of transformations (4).
Let us compare moving IRF 𝐊𝐊′ clock readings, synchronized in
υ𝑥𝑥

𝑡𝑡

accordance with Einstein 𝑡𝑡𝐸𝐸′ = γ �𝑡𝑡 − 𝑐𝑐2 � and with Tangherlini 𝑡𝑡𝑇𝑇′ = γ :
υ

υ𝑥𝑥′

.
Thus, first («Einstein») clock readings are different from second
clock readings only by readings shift, linearly increasing as coordinate 𝑥𝑥′
increasing. But obviously clock readings shift (which in given case is
consequence of conventional and, hence subjective, Einstein clock
synchronization rule nature [20,21,38,39], adopted to ensure original SRT
postulates fulfillment) can’t affect real physical processes which don’t
depend on subject-«observer» and reference frame, used by observer.
Therefore, it is the time transformation𝑡𝑡 ′ = γ−1𝑡𝑡, but not Lorentz time
transformation, should be considered as physical, corresponding to
objective reality.
Lorentz time transformation, expressed by last equality of (1) is
convenient mathematical transformation, allowing to significantly
simplify several physical phenomena theoretical description. However, it must
not forget that Eagle's/Tangherlini moving IRF clocks synchronization
method, leading to space-time coordinates transformations change,
𝛿𝛿𝛿𝛿 ≝ 𝑡𝑡𝑇𝑇′ − 𝑡𝑡𝐸𝐸′ = γ(𝑥𝑥 − υ𝑡𝑡)
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changes not only description, but and basic statements
and physical interpretation of theory, describing relativistic phenomena.
1.3. ET-transformations and based on these theory [20–29] (which,
to be short, we call by ETT-theory) were important principal step forward
in understanding of physical nature/essence of effects occurring when
bodies and particles move at speeds, comparable to light speed. Their
application allowed to easy solve SRT kinematic paradoxes (these
paradoxes explanation in SRT framework required, in best case scenario,
to go beyond its kinematic). Their application allowed, as well, to create
solid physical-theoretical basis for explanation of number of
experimentally observed phenomena in cosmic physics, geophysics,
electrodynamics, atomic and nuclear physics, chemistry, etc., which not
conformed to relativity principle framework and not having, as it would
seem, any attitude to relativity theory.
Nevertheless there are good reasons to take one more step on the
way from Lorentz transformations to new transformations, which not only
wouldn’t contradicted to known experimental facts, but also allowed to
understand some experimental data, difficult to explain in terms of both
SRT and ETT theory.
Author proposes to call new space-time coordinates
transformations, which in question and will be formulated below, as «real»
or «natural», since these are based not only on certain theoretical
postulates and prerequisites, but and on real experimental data, including
high energy elementary particle physics, don’t require artificial reference
frames creation with unnatural time countdown, save and clarify most
anisotropic space theory achievements, have certain symmetry, satisfy to
correspondence principle, allow to clarify relativity principle essence
etc. That is why it is logic to call the theory, based on these
transformations, in author opinion, as real relativistic phenomena theory, or,
briefly, real relativity theory (RRT).
1.4. Now let’s consider specific reasons, compelling to replace ETtransformations with «real» space-time coordinates transformations.
These reasons can be divided into theoretical, experimental and methodological. Due to limited paper volume we will consider only some of these.
First of all, let’s pay attention to doubts in fast moving
bodies longitudinal sizes/volume reduction SRT conclusion validity.
Apparently, these doubts firstly appeared as a such bodies equilibrium
theoretical analysis result due to relativistic statics laws formulation necessity.
In particular, back in the mid-sixties H. Arzelies [40] and F. Rohrlich [41]
gave a number of arguments, based on theoretical considerations and some
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experimental data, in favor of idea that relativistic objects longitudinal sizes
grow instead of usual Lorentz reduction, and relativistic moving
particles effective volume increases. At the same time it was usually assumed
that fast moving objects transverse sizes were not changing, but their
longitudinal sizes and volume grow with their speed increase
proportionally
to Lorentz factor
γ = (1 − β2 )−1/2 > 1
[40–
43]. Subsequently these ideas were developed by different authors (see,
e.g., [44,45]), but have not received recognition because their predictions
started to differ from new experimental data.
One of theoretical arguments, which is believed to confirm Lorentz
body length contraction reality dynamic nature is so-called compression
effect in rapidly moving charged particles electric field longitudinal
direction [46–48]. It is considered that this effect existence is flowing out
Maxwell’s equations solution without referring to SRT postulates.
Therefore this effect is considered not dependent on this theory. Its
mathematical expression is formula for scalar potential φ(𝑟𝑟⃗, 𝑡𝑡) of electric
field, created by point charge, moving along axis 𝑂𝑂𝑂𝑂 with constant speed
υ
�⃗, in time moment 𝑡𝑡 at some field point 𝑁𝑁(𝑟𝑟⃗) [46–51]:
𝑞𝑞
1
φ(𝑟𝑟⃗, 𝑡𝑡) = 4𝜋𝜋ε
,
(1.5)
2
2
2
2
0

�(𝑥𝑥−υ𝑡𝑡) +(1−β )(𝑦𝑦 +𝑧𝑧 )

where ε0 is dielectric constant, 𝑥𝑥, 𝑦𝑦, 𝑧𝑧 are field point 𝑁𝑁 Cartesian
coordinates. This expression, taking into account final field perturbations
propagation velocity, i.e. lag, is d'Alambert inhomogeneous equation
solution
1 𝜕𝜕 2 φ
1
∆φ − 2 2 = − ρ(𝑟𝑟⃗, 𝑡𝑡).
(1.6)
𝑐𝑐 𝜕𝜕𝑡𝑡
ε0
2
Here ∆= ∇ is Laplace operator, ρ(𝑟𝑟⃗, 𝑡𝑡) = 𝑞𝑞𝑞𝑞(𝑥𝑥 − υ𝑡𝑡)𝛿𝛿(𝑦𝑦)𝛿𝛿(𝑧𝑧) is charge
density, 𝛿𝛿(… ) is Dirac delta function [52]. (Notice that the same structure
equation occurs in a number of acoustic problems [53,54] and in other
physics areas [55,56].)
Expression (5) implies that equipotential surface, corresponding to
potential value φ = φ0 , in stationary charge case (i.e. when υ�⃗ = 0) is sphere
with radius 𝑅𝑅0 = 𝑞𝑞/4πε0 φ0 , centered at point 𝑥𝑥 = 0. But equipotential
surface, corresponding to the same potential value φ = φ0 , in moving charge
case has shape of biaxial ellipsoid, described by equation
(where 𝑅𝑅 ∗ =

𝑅𝑅0

�1−β2

𝑥𝑥−υ𝑡𝑡 2

�

𝑅𝑅0

𝑦𝑦 2

𝑧𝑧

2

� + �𝑅𝑅∗� + �𝑅𝑅∗� = 1

(1.7)

> 𝑅𝑅0 ; β = υ/𝑐𝑐)) and called «Heaviside ellipsoid». This

ellipsoid center in any time moment coincides with charge position,
its minor semi-axis is directed along vector υ
�⃗ and is equal to sphere radius 𝑅𝑅0 ,
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and two identical large semi-axis are perpendicular to this vector, wherein
theirs lengths 𝑅𝑅∗ exceed 𝑅𝑅0 value in γ = (1 − β2 )−1/2 > 1 times, e.g., the
more charge speed the more 𝑅𝑅∗ /𝑅𝑅0 , and when υ → 𝑐𝑐 it tends to
infinity. Thus it turns out that Heaviside ellipsoid is not really compressed in
charge motion direction, but is on the contrary stretched in all directions
perpendicular to vector υ�⃗ in в γ times. It means that electrodynamics reasons
for Lorentz length bodies contraction in their motion direction are
absent. Therefore it is possible to state that
moving bodies length contraction, which is called «Lorentz», SRT says about,
is effect due to, in principle, adopted in this theory clock synchronization rules
and its readings/pace verification, when clock is located at different space
points and refer to different reference frames.
But why then it is stated in educational and scientific literature that
moving charge field is compressed? Answer to this question is simple:
expression (5) deliberately identically transformed in order, that, firstly, its new
shape allowed to see relationship with Lorentz transformations in it and,
secondly, that due to scale factor appearance all ellipsoid sizes have
decreased in γ times. That's what R. Feynman [49] says about expression (5):
«This expression is getting clearer if it’s written in form
1
𝑞𝑞
1
φ(𝑟𝑟⃗, 𝑡𝑡) = 4πε
(21.39)
1/2 .
2
2
0

�1−β

𝑥𝑥−υ𝑡𝑡
�
1/2
�1−β2 �

��

+𝑦𝑦 2 +𝑧𝑧 2 �

𝑥𝑥−υ𝑡𝑡
Lorentz's transformations start 𝑥𝑥 → �1−β
, 𝑦𝑦 → 𝑦𝑦, 𝑧𝑧 → 𝑧𝑧 appears with all
2
the clarity in expression (21.39) in front of you».
Indeed, if not to pay attention to «additional» factor 1/�1 − β2 , then
(21.39) implies compressed along axis 𝑂𝑂𝑂𝑂 ellipsoid equation

�

𝑥𝑥−υ𝑡𝑡 2
𝑅𝑅 ∗∗

𝑦𝑦 2

𝑧𝑧

2

� + �𝑅𝑅 � + �𝑅𝑅 � = 1,
0

0

(1.8)

Where 𝑅𝑅 = 𝑅𝑅0 �1 − β2 < 𝑅𝑅0 . But this factor presence means that
corresponding to not potential φ0 , but to potential φ′ = φ0 �1 − β2 , less in
γ > 1 раз times in module value, than φ0 , equipotential surface is found.
Thus, really, if to have in mind charge, distance and potential numerical
values, then from expression (5) to equation (21.39) transition quantitatively
doesn’t changes anything, slyly fitting obtained results to SRT
postulates/principles adopted.
Notice that if to still assume that potential φ(𝑟𝑟⃗, 𝑡𝑡) representation in
form (21.39) is adequate real physical processes reflection, including really
existing dynamic electric field compression, then ratio 𝑞𝑞/�1 − β2 in (21.39)
should be interpreted as moving particle electric charge increase evidence with its
∗∗
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speed growth. However modern physics denies such growth existence. In
particular, in this case electrical neutrality of atoms is violated, since atoms
electrons speed significantly exceeds nucleus speed.
Thus we see that two quantitatively equivalent and mathematically,
in record form, differing from each other only by elementary identical
transformation (multiplication by single fraction of form 𝑎𝑎⁄𝑎𝑎), expressions
can be given fundamentally different physical interpretation. So one stationary
observer can take formula (5) as basis and consider that moving particle
charge has not changed, but Heaviside ellipsoid has been stretched in
plane, perpendicular to particle velocity vector υ�⃗ . However, other
stationary as well observer, based already on formula (21.39), has the right
to assume, that this particles charge has increased, and Heaviside ellipsoid
has been compressed in the same proportion in vector υ�⃗ direction.
In order to clarify, which interpretation is correct, let’s consider
point charged particle potential distribution, moreover particle charge
amount is varying in time with cyclic frequently ω0 , so that
ρ(𝑟𝑟⃗, 𝑡𝑡) = 𝑞𝑞 cos(ω0 𝑡𝑡) 𝛿𝛿(𝑥𝑥 − υ𝑡𝑡)𝛿𝛿(𝑦𝑦)𝛿𝛿(𝑧𝑧).
In this case equation (6) solution, which can be found in different
ways [52, 57], has form:
where

𝑞𝑞

φ(𝑟𝑟⃗, 𝑡𝑡) = 4𝜋𝜋ε

0

1

�(𝑥𝑥−υ𝑡𝑡)2 +(1−β2 )(𝑦𝑦 2 +𝑧𝑧 2 )

cos �ω0 �𝑡𝑡 −

𝑅𝑅
𝑐𝑐

��,

(1.9)

𝑅𝑅 = (1 − β2 )−1 �β(𝑥𝑥 − υ𝑡𝑡) + �(𝑥𝑥 − υ𝑡𝑡)2 + (1 − β2 )(𝑦𝑦 2 + 𝑧𝑧 2 )�
(1.10)
is distance from considered field point 𝑁𝑁(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) to point, where source has

been located at that time moment, when created by it wave front has
reached point 𝑁𝑁 at time moment 𝑡𝑡.

Figure 1. Moving oscillating source wave field
Field structure, described by expressions (9), (10), is considered in
detail in author paper [58]. First of all let’s notice that expression (9) right
side coincide with formula (5) right side under ω0 = 0. It means, that
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charge oscillations don’t influence on space potential distribution
amplitude.
However these create heterogeneous wave in space, where each wave
front, created at time moment 𝑡𝑡𝑛𝑛 = (α0 + 2𝜋𝜋𝜋𝜋)/ω0 (where 0 ≤ α0 < 2𝜋𝜋, 𝑛𝑛 =
0, 1, 2, …), represent itself sphere, centered at point 𝑥𝑥𝑛𝑛 = υ𝑡𝑡𝑛𝑛 , expanding with
constant speed without any compression/dilatation deformations, which would
change its spherical shape. Wherein, however, given wave equal amplitudes
surfaces, representing biaxial «Heaviside ellipsoids», are stretched in plane,
perpendicular to vector υ�⃗, and don’s coincide with equal phases spherical
surfaces (see. fig. 1). Thus this example visually demonstrates lack of moving
charge electric fields Lorentz compression.
In reference frame, related to moving charge, in spherical
coordinates system (𝑟𝑟 ′ , ϑ, 𝜙𝜙), where 𝑥𝑥 = υ𝑡𝑡 + 𝑟𝑟 ′ cos ϑ, considered above
wave field is expressed by function
φ(𝑟𝑟 ′ , ϑ, 𝑡𝑡) =

4𝜋𝜋ε0

𝑟𝑟 ′ �1

𝑞𝑞

−

β2

sin2

ϑ

cos �ω0 �𝑡𝑡 −

𝑟𝑟′
�� ,
𝑐𝑐 ′ (ϑ, β)

where 𝑐𝑐 ′ (ϑ, β) = 𝑐𝑐��1 − β2 sin2 ϑ − β cos β� is wave speed, depending on ϑ
and υ. In this case each wave front still represents sphere. Sphere equation
has the form 𝑟𝑟𝑛𝑛′ = 𝑐𝑐 ′ (ϑ, β)(𝑡𝑡 − 𝑡𝑡𝑛𝑛 ). Sphere center is located at point with
coordinates 𝑟𝑟 ′ = −υ(𝑡𝑡 − 𝑡𝑡𝑛𝑛 ), ϑ = 𝜋𝜋.
In 1907 Planck [59] and F. Hasenö rl [60] have attempted to revise
classical thermodynamics in order to harmonize it with relativity
principle. Assuming that the two basic laws of thermodynamics are valid
in the reference frame where the considered macro system is at rest, they
have concluded that system entropy is relativistic invariant, and
transformation formulas for heat amount ∆𝑄𝑄 and system temperature
𝑇𝑇 have the form:
∆𝑄𝑄′ = ∆𝑄𝑄�1 − β2 ,
𝑇𝑇′ = 𝑇𝑇�1 − β2 ,
(1.11)
where prime denotes value, relating to moving reference frame. About a
year later Einstein in [61] supported Planck/ Hasenö rl arguments. After
that relationships (11) was no longer in doubts among physicists over half
a century, repeating in all textbooks and monographs (see, for example,
[62, 63]).
However in 1963 H. Ott has shown [64], that in some cases formulas
(11) lead to physically incorrect, impossible in nature results. He also established,
based on entropy relativistic invariance conditions, that, in his
opinion, relationships (11) should be replaced by
∆𝑄𝑄
𝑇𝑇
∆𝑄𝑄 ′ =
,
𝑇𝑇 ′ =
.
(1.12)
�1−β2
�1−β2
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A little later the same conclusion was reached, independently of Ott,
by H. Arzelier [65, 66] and T. Kibble [67]. In great detail question about
heat quantity/temperature transformation law was analyzed by
С. Mö ller [68–70], who confirmed relations (12) correctness.
In fairness it should be noticed that a number of scientists still
continue to defend Planck's viewpoint and, accordingly, formulas (11) (see,
for example, [71]), so that there is currently no physicists single view to
relativistic thermodynamics. However, it is not necessary to forget that
namely transformations (11), unlike relationships (12), lead, as noticed
above, to physically incorrect results.
For us relations (11) or (12) importance consists in fact that their
conclusion is based on macro system elementary spatial volume ∆𝑉𝑉
transformation relativistic formula. Wherein equities (11) follows from
assumption (Lorentz transformation consequence), that elementary
volumes in moving reference frame are less than in the same stationary
reference frame, according to law ∆𝑉𝑉′ = ∆𝑉𝑉�1 − β2 . On the other hand it is
easy to get equalities (12), based on assumption, that elementary volumes,
as a result of system transition from rest state to motion
state, increase according to law
∆𝑉𝑉
∆𝑉𝑉 ′ =
,
(1.13)
2
�1−β

It, obviously, contradicts to SRT conclusion about moving bodies
longitudinal sizes decrease.
According to proposed below real relativity theory there is following
relationship
∆𝑉𝑉 ′ =

∆𝑉𝑉
,
1 − β2

(1.14)

between quantities ∆𝑉𝑉′ and ∆𝑉𝑉. Therefore, in author's viewpoint, heat
amount/temperature transformations should have the form
∆𝑄𝑄′ =

∆𝑄𝑄
,
1 − β2

𝑇𝑇 ′ =

𝑇𝑇
.
1 − β2

(1.15)

Obviously these relationships are qualitatively correspond to
dependencies (12), proposed by Ott and others, although these differ from
them quantitatively. Nevertheless it can be shown, that these, as
relationships (12), allow to avoid those relativistic thermodynamics
troubles, indicated by Ott.
1.5. Above we talked about fast moving bodies longitudinal
size/volume reduction idea refusal theoretical foundations. Now let’s pay
attention to the circumstance that there are no in fact experiments that
have confirmed relativistic length contraction reality. Moving bodies
length measurement method, proposed by Einstein, is only «thought
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experiment», imaginary procedure, impossible to fulfill in reality.
Michelson /Morley experiments, as it turned out, can’t be also attributed
to such experiments. The fact is that lately, as a result of detailed
calculations, taking into account a number of essential factors, that affect
interference pattern view, it was established [72, 73], that Michelson
interferometer theory, which was used by Michelson himself, by D. Miller
and by others, and which, to this day, is described in textbooks and
monograph, contains a number of principle mistakes. Therefore it can’t be
used to interpret experimental data.
Many relativists still consider that Lorentz bodies sizes contraction
is confirmed by scattering charged elementary particles beams absence in
accelerators (see, e.g., [74]). Such scattering would seem to exist due to
mutual particles repulsion. Its absence is explained by relativists as
follows. With respect to observer, moving in the same way as beam
particles, entire accelerator moves backward with the same speed.
Therefore, according to generally accepted SRT interpretation, from this
observer viewpoint accelerator length decreases, so that particles motion time
in accelerator channel decreases, and beam simply “does not have time”
to scatter. So, for example, it is considered that Stanford accelerator
length is reduced from 3 km to 15 cm for electrons beam with kinetic
energy of 10 GeV.
However it is obvious that in this reasoning there used erroneous
assumption, that only electrostatic repulsion Coulomb forces act between
beam particles. In reality, each of the particles is acted upon by one more
force-electromagnetic attraction force, directed into the beam [75]. And if
beam moves with speed, very close to light speed, then particles on beam
surface and within beam practically don’t feel radial force action. Such joint
electric/electromagnetic forces action was well known long time before
accelerators SRT creation.
On the contrary there is real experiment, which didn’t revealed
Lorentz length reduction [76]. In this experiment deformation degree of
disc, rotating with very high angular speed (more than 6000 revolutions
per second) was determined, in particular, through special optical setup
and laser light beams. According to SRT in this case disk outer
circumference length should appear to stationary observer less, than 2π𝑅𝑅 ,
where 𝑅𝑅 is disc radius, not experiencing Lorentz contraction, since it is
perpendicular to point linear velocity at any disc point. Rotating disc
would have to deform because of this. However measurements didn’t
discover any disk deformations, where did the conclusion come from that
real Lorentz bodies’ contraction was absent.
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One more important experimental reason for doubts in Lorentz
contraction reality is a number of experiments results on high energies
elementary particles mutual areas interaction characteristic sizes
measurement. Such experiments were goal for many studies (see, e.g., [77–
81] etc.). There was developed [77, 82] these sizes estimating method,
similar to known [83] stars angular sizes measurement interferometry
method. As a result of these studies there were received quality, and in a
number of studies, and quantitative [79–81, etc.] evidences that both
longitudinal and transverse pion generation areas sizes grow with colliding
particles energy increase.
Relatively recently in late 2008 US Berkley Fermi Laboratory
scientists group, numbering several hundred people, presented multiple
muon birth their observations analysis results in high energy protonantiproton beams collisions in proton-antiproton collider Tevatron
[84]. These scientists have established, that under protons energy about
one TeV and above groups muons birth occurs, contrary to expectations,
at considerably distance from colliding beams axis, till 1sm and more away
from beams axis, and even outside evacuated channel (its radius was 1.5
sm), i. e., in fact, already in body of detector. Wherein such events
occur during approximately in 20% of cases (in given experiment – 150
000 from 750 000), and maximum muons number, born in one such event,
reaches eight, allowing to say about entire muon jets birth. At the same
time according to standard elementary particles model, based on SRT
laws/effects, muons should have appeared at distances from beam axis,
not more than 1–2 millimeters.
This experiment clearly indicates that elementary particles interaction
area transverse sizes increase with these particles energy increase, contrary to SRT
predictions.
1.6. Now let us call principal methodological reasons, confirming, in
author's opinion, validity and consistency of idea of transition from ETtransformations to «real» space-time events coordinates transformations.
First of all it is experimental evidence absence for moving bodies transverse
sizes contraction. Secondly, a bit more RRT relationships
simplicity compared to similar ETT-theory relations (it is worth reminding
that simplicity principle, actively promoted by Poincare [85],
plays important role in modern science). Thirdly it is clearly
pronounced many RRT relationships symmetry, absent also in ETTtheory. Fourthly RRT-theory, predicting physical phenomenon existence,
impossible or, at least, strange, in terms SRT or ETT-theory, provides more
opportunities for its verification.
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However principal methodological reason for author refusal from
SRT is following. Author unconditionally supports idea of space/time
unification into single space-time complex. But author understands it
differently than Minkowsky, Einstein and SRT supporters [19]. Author
thinks that time dilatation, particle transverse sizes contraction and other
relativistic effects reflect fundamental properties of not space-time, as
such, but of particles themselves and physical fields, associated with
particles. As a consequence indicated relativistic effects are considered by
author as real dynamic, rather than kinematic (as claimed by most of SRT
supporters) effects. Wherein Einstein SRT recognition of these effects
dynamic nature appears, apparently, impossible, since it would led to a
number of new and, perhaps, unsolvable paradoxes in SRT.

2. Direct and reverse «real» space-time coordinates
transformations
2.1. Proposed here «real relativistic theory» (RRT) is based on
following several basic assumptions.
Firstly, throughout the entire Universe space there is a certain
medium, nature of which we shall not specify. This medium is medium for
electromagnetic waves (in particular, light) propagation and, possibly, for
a number of other wave physical fields propagation. It is homogeneous and
isotropic everywhere or, at least, in some limited but sufficiently large space
area, so that light speed relative to this medium is constant, does not
depend on the direction of light propagation and is equal to 𝑐𝑐.
Secondly, it is assumed that from the viewpoint of stationary,
relatively to the given medium, observers all physical processes occurring in
physical bodies, moving relatively to this medium at speed υ�⃗, are slowed
down in comparison with similar processes, occurring in physical bodies,
stationary relatively to the medium, in γ(υ) = [1 − (υ2 /𝑐𝑐 2 )]−1/2 > 1 times.
Thirdly, it is assumed here that from the viewpoint of the same
observer transverse sizes (in plane perpendicular to the vector υ�⃗) of
any particles or bodies (created by interacting with each other particles),
moving relatively to the medium, turns out enlarged in γ(υ) times, compared
to the sizes of the same bodies, stationary relatively to the medium.
Wherein any, including the «transverse», distances between the masses
centers of unrelated (non-interacting) to each other bodies remain
unchanged.
So let 𝑲𝑲0 is stationary inertial reference frame (IRF), associated with
specified medium, wherein all the IRF clocks are synchronized in Einstein
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rule. In this case it is equivalent (since medium is isotropic) to their
synchronization using infinitely fast signals. Let further 𝑲𝑲′ is IRF, moving
with constant speed υ�⃗ (measured by the IRF 𝑲𝑲0 devices) relatively to medium
and reference frame 𝑲𝑲0 . Finally, let IRF 𝑲𝑲0 axis 𝑂𝑂𝑂𝑂 of Cartesian coordinate
system 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 is directed along vector υ�⃗, IRF 𝑲𝑲′ Cartesian coordinate system
axes 𝑂𝑂′𝑥𝑥′, 𝑂𝑂′𝑦𝑦′, 𝑂𝑂′ 𝑧𝑧 ′ are directed along IRF 𝑲𝑲0 coordinate axes 𝑂𝑂𝑂𝑂, 𝑂𝑂𝑂𝑂, 𝑂𝑂𝑂𝑂,
and coordinates origins 𝑂𝑂/𝑂𝑂′ of these reference frames coincide at the
moment of common start time 𝑡𝑡 = 𝑡𝑡 ′ = 0.
Then in accordance with the accepted basic assumptions
transformations, linking space- time coordinates of reference frames
𝑲𝑲0 /𝑲𝑲′ , can be written as:
𝑥𝑥 ′ = 𝑥𝑥 − υ𝑡𝑡, 𝑦𝑦 ′ = 𝑦𝑦�1 −

υ2
υ2
, 𝑧𝑧 ′ = 𝑧𝑧�1 − 2 ,
2
𝑐𝑐
𝑐𝑐

𝑡𝑡 ′ = 𝑡𝑡�1 −

υ2
.
𝑐𝑐 2

(2.1)

Here 𝑥𝑥, 𝑦𝑦, 𝑧𝑧, 𝑡𝑡 are coordinates and time of arbitrary point event 𝑆𝑆,
measured in stationary isotropic reference frame 𝑲𝑲0 ; 𝑥𝑥 ′ , 𝑦𝑦 ′ , 𝑧𝑧 ′ , 𝑡𝑡′ – coordinates
and time of the same event, measured in moving reference frame 𝑲𝑲′. (Recall
2

that relation 𝑡𝑡 ′ = 𝑡𝑡�1 − υ𝑐𝑐2 follows from Lorentz transformation as well, but
it is valid only at the origin of coordinates 𝑥𝑥 ′ = 0 of moving reference frame
𝑲𝑲′, but we assume, that it is valid at all points of this reference frame). We
call
transformations
(1)
briefly
«real»
or R-transformations.
These constitute physical basis of real relativity theory.
2.2. Let’s find transformations, inverse to R-transformations
(1). Equalities (1) imply
𝑥𝑥 = 𝑥𝑥 ′ + υ𝑡𝑡′ �1 −

υ2
�
𝑐𝑐 2

−1/2

, 𝑦𝑦 = 𝑦𝑦 ′ �1 −

υ2
�
𝑐𝑐 2

−1/2

υ2
𝑡𝑡 = 𝑡𝑡′ �1 − 2 �
𝑐𝑐

, 𝑧𝑧 = 𝑧𝑧 ′ �1 −

−1/2

.

υ2
�
𝑐𝑐 2

−1/2

, (2.2)

(2.3)

However these transformations can’t be yet called inverse to (1),
since they include speed υ of IRF 𝑲𝑲′ relative to isotropic IFR 𝑲𝑲0 , but not
speed υ′ of IFR 𝑲𝑲0 relative to 𝑲𝑲. To find speed υ′ let’s put 𝑥𝑥 = 0 in the first
of the formulas (2). Thereby we find the motion law of point 𝑂𝑂 (origin of
coordinate system for IRF 𝑲𝑲0 ) relatively to moving IFR 𝑲𝑲′, which would
be got by measurement using IFR 𝑲𝑲′ clocks:
This implies for speed υ′ of

−1/2

υ2
�
𝑐𝑐 2
IFR 𝑲𝑲0 ,

𝑥𝑥 ′ = −υ𝑡𝑡′ �1 −

υ′ = −υ �1 −
80

≝ υ′𝑡𝑡′.

measured by IFR 𝑲𝑲′ devices:

2 −1/2

υ
�
𝑐𝑐 2

(2.4)

.

(2.5)
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The inverse formula, connecting quantities υ and υ′ , has the form:
υ′2
υ = −υ′ �1 + 2 �
𝑐𝑐

−1/2

.

(2.6)

This formula allows to calculate speed υ of IFR 𝑲𝑲′ from known
speed υ′ of IFR 𝑲𝑲′, measured by isotropic IFR 𝑲𝑲0 devices.
From equalities (5), (6) it follows that if |υ| ≪ 𝑐𝑐, then
|υ′ | ≈ |υ| �1 +

1 υ2
� �⎯⎯� |υ|,
2 𝑐𝑐 2 |υ|→0

(2.7)

and if |υ| = 𝑐𝑐(1 − ε) , where 0 < ε ≪ 1, then
|υ′ | ≈

𝑐𝑐

√2ε

�⎯� ∞.

(2.8)

ε→0

Consequently, moving isotropic IRF 𝑲𝑲0 velocity υ′ relatively IRF 𝑲𝑲′,
measured by 𝑲𝑲′ devices, may greatly exceed value 𝑐𝑐.
It is easy to see that relations (5), (6) imply very important equality:
�1 −

υ2
�
𝑐𝑐 2

−1/2

= �1 +

1/2

υ′2
�
𝑐𝑐 2

,

(2.9)

which together with expression (5) allows to rewrite formulas (2), (3) in
the form:
𝑥𝑥 = 𝑥𝑥′ − υ′𝑡𝑡′, 𝑦𝑦 = 𝑦𝑦′�1 +

υ′2
υ′2
, 𝑧𝑧 = 𝑧𝑧′�1 + 2 ,
2
𝑐𝑐
𝑐𝑐

𝑡𝑡 = 𝑡𝑡′�1 +

υ′2
.
𝑐𝑐 2

(2.10)

These are required R-transformations, inverse to direct R-transformations (1). It’s seen that they are, to certain extent, symmetrical to direct
transformations, different from these only by natural replacements υ → υ′ ,
𝑡𝑡 → 𝑡𝑡′ and sign before the dimensionless parameter (υ′2 /𝑐𝑐 2 ).
2.3. Let 𝑟𝑟⃗ is radius-vector of arbitrary point 𝑀𝑀 in IRF, r is module
of this vector, ϑ is angle between this vector and IRF 𝑲𝑲′ velocity vector υ�⃗
as well as between the coordinate axes 𝑂𝑂𝑂𝑂 and 𝑂𝑂′𝑥𝑥′ of these IRFs. Let’s find
coordinates (𝑟𝑟 ′ , ϑ′) of this point in moving IRF 𝑲𝑲′. As initial expression we
take expression for 𝑟𝑟 ′2 and use R-transformation (1):
𝑟𝑟 ′2 = 𝑥𝑥 ′2 + 𝑦𝑦 ′2 + 𝑧𝑧 ′2 =
υ2
υ2
= [(𝑥𝑥 − υ𝑡𝑡)2 + 𝑦𝑦 2 + 𝑧𝑧 2 ] − (𝑦𝑦 2 + 𝑧𝑧 2 ) 2 = (𝑟𝑟⃗ − υ
�⃗𝑡𝑡)2 − (𝑦𝑦 2 + 𝑧𝑧 2 ) 2 . (2.11)
𝑐𝑐
𝑐𝑐
But 𝑦𝑦2 + 𝑧𝑧2 = ρ2 = 𝑟𝑟2 sin2 ϑ, where ρ is the distance of point 𝑀𝑀 from
𝑂𝑂𝑂𝑂 axis in IFR 𝑲𝑲0 . Substituting this expression into formula (11) we get the
required relation between r and 𝑟𝑟 ′ :
𝑟𝑟 ′ = �(𝑟𝑟⃗ − υ
�⃗𝑡𝑡)2 − 𝑟𝑟 2

υ2 2
sin ϑ .
𝑐𝑐 2

(2.12)

To find relationship between angles ϑ′ and ϑ, we use definition of
angle ϑ′ : cos ϑ′ = 𝑥𝑥 ′ /𝑟𝑟′, and formulas (1) and (12), taking into account
that 𝑥𝑥 = 𝑟𝑟 cos ϑ. As a result we get:
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𝑟𝑟 cos ϑ − υ𝑡𝑡

,
2
υ
2
�(𝑟𝑟⃗ −
−
sin ϑ
𝑐𝑐 2
1
υ𝑡𝑡
ctg ϑ′ =
�ctg ϑ − cosec ϑ�.
2
𝑟𝑟
�1 − υ2
𝑐𝑐
equations 𝑟𝑟 2 = 𝑥𝑥 2 + 𝑦𝑦 2 + 𝑧𝑧 2 , cos ϑ = 𝑥𝑥/𝑟𝑟
υ
�⃗𝑡𝑡)2

𝑟𝑟 2

(2.13)

Based on
and applying
inverse R-transformations (10), similar to previous calculations, it is easy
to come to 𝑟𝑟/cos ϑ dependences from known values 𝑟𝑟 ′ / cos ϑ′ :
υ′2 2
sin ϑ′ ,
𝑐𝑐 2
𝑟𝑟 ′ cos ϑ′ − υ′ 𝑡𝑡 ′

𝑟𝑟 = �(𝑟𝑟⃗′ − �υ⃗′𝑡𝑡′)2 + 𝑟𝑟 ′2

cos ϑ =

;
′2
�(𝑟𝑟⃗ ′ − �υ⃗′ 𝑡𝑡 ′ )2 + 𝑟𝑟 ′2 υ 2 sin2 ϑ′
𝑐𝑐
υ′𝑡𝑡′
1
�ctgϑ′ −
cosecϑ′� .
ctg ϑ =
′2
𝑟𝑟′
�1 + υ 2
𝑐𝑐

(2.14)

(2.15)

As we see relations pairs (12)/(14) and (13)/(15) have the same
symmetry as direct/inverse R-transformations. Wherein given in [6] similar
ET-relations don’t have such symmetry.
2.4. Let's find how rectilinear segment length is transformed. So let
line segment physically represents thin rectilinear rod, stationary in the
laboratory IRF 𝑲𝑲′ (moving relatively to isotropic IRF 𝑲𝑲0 ), and it’s length
measured in the same IRF 𝑲𝑲′, is equal to 𝑙𝑙′ (by definition it is segment proper
length), angle between segment and vector υ�⃗ is equal to ϑ′𝑙𝑙′ , and given
segment projections lengths on coordinate axes 𝑂𝑂′𝑥𝑥′, 𝑂𝑂′ 𝑦𝑦 ′ , 𝑂𝑂′𝑧𝑧′ are
respectively equal ∆𝑥𝑥′, ∆𝑦𝑦′ and ∆𝑧𝑧′, so that 𝑙𝑙′2 = (∆𝑥𝑥′)2 + (∆𝑦𝑦′)2 + (∆𝑧𝑧′)2 .
Then length square value of this section 𝑙𝑙2 , if 𝑙𝑙 is measured by isotropic
IFR 𝑲𝑲0 devices, can be found, using the inverse R-transformations (4),:
𝑙𝑙 2 = (∆𝑥𝑥)2 + (∆𝑦𝑦)2 + (∆𝑧𝑧)2 =

= (∆𝑥𝑥′ − υ′∆𝑡𝑡′)2 + [(∆𝑦𝑦′)2 + (∆𝑧𝑧′)2 ] �1 +

υ′2
�.
𝑐𝑐 2

(2.16)

But since moving rod length measurement should be performed
under simultaneously fixation of its ends positions, i.e. at ∆𝑡𝑡 = 0, and from
equality (10) in this case it follows ∆𝑡𝑡′ = 0, then formula (16) takes the form:

υ′2
υ′2
� = 𝑙𝑙 ′2 + [(∆𝑦𝑦′)2 + (∆𝑧𝑧′)2 ] 2 . (2.17)
2
𝑐𝑐
𝑐𝑐
(∆𝑦𝑦′)2 + (∆𝑧𝑧′)2 = 𝑙𝑙 ′2 sin2 ϑ′𝑙𝑙′ , we come to

𝑙𝑙 2 = (∆𝑥𝑥′)2 + [(∆𝑦𝑦′)2 + (∆𝑧𝑧′)2 ] �1 +

Finally, considering that
required rectilinear section length transformation formula:
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𝑙𝑙 = 𝑙𝑙 ′ �1 +

υ′2 2 ′
sin ϑ𝑙𝑙′ .
𝑐𝑐 2

(2.18)

Angle ϑ𝑙𝑙 between given section and vector υ�⃗ in isotropic IRF 𝑲𝑲0 can
be found based on equality cos ϑ𝑙𝑙 = ∆𝑥𝑥𝑙𝑙 and taking into account, that cos ϑ′𝑙𝑙′ =
∆𝑥𝑥′/𝑙𝑙′:
cos ϑ𝑙𝑙 =

cos ϑ′𝑙𝑙′
′2

�1 + υ 2 sin2 ϑ′𝑙𝑙′
𝑐𝑐

tg ϑ𝑙𝑙 = �1 +

;

υ′2
tg ϑ′𝑙𝑙′ .
𝑐𝑐 2

(2.19)

Similarly it is possible to get transformation formulas, inverse to (18)
and (19),:
𝑙𝑙 ′ = 𝑙𝑙 �1 −
cos ϑ′𝑙𝑙′ =

cos ϑ𝑙𝑙
2

�1 − υ2 sin2 ϑ𝑙𝑙
𝑐𝑐

υ2 2
sin ϑ𝑙𝑙 ,
𝑐𝑐 2

;

tg ϑ′𝑙𝑙′ = �1 −

υ2
tg ϑ𝑙𝑙 .
𝑐𝑐 2

(2.20)
(2.21)

Thus, measuring moving section length from isotropic IRF, we get
value greater, than its proper length, i. e. length, measured in IRF,
stationary relatively to this line segment.

3. Speed/acceleration transformations in RRT
3.1. Let’s 𝑢𝑢�⃗ = 𝑑𝑑𝑟𝑟⃗/𝑑𝑑𝑑𝑑 is instant velocity vector of arbitrary material
point M in isotropic reference frame 𝑲𝑲0 , 𝑢𝑢 is vector modulus, ϑ𝑢𝑢 is angle
between this velocity vector IRF 𝑲𝑲′ velocity υ�⃗ relatively to IRF 𝑲𝑲0 as well
as between coordinate axes Ox and 𝑂𝑂′𝑥𝑥′ of these IRF. Let's find instant
speed of this point in moving reference frame 𝑲𝑲′.
Let’s choose coordinate planes Oxy and 𝑂𝑂′𝑥𝑥′𝑦𝑦′ of reference frames
𝑲𝑲0 and 𝑲𝑲′ so that they pass through vectors υ
�⃗ and 𝑢𝑢
�⃗. Let’s 𝑢𝑢𝑥𝑥 = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑,
𝑢𝑢𝑦𝑦 = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑, 𝑢𝑢𝑧𝑧 = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑 are the same material point vector 𝑢𝑢
�⃗ projections on
IRF 𝑲𝑲0 coordinate axes. Then taking into account R-transformations (2.1),
we get the following:
𝑑𝑑𝑑𝑑′
𝑑𝑑𝑑𝑑 − υ𝑑𝑑𝑑𝑑
𝑢𝑢𝑥𝑥 − υ
=
=
,
2
2
𝑑𝑑𝑑𝑑′
υ
υ
�1 − 2 𝑑𝑑𝑑𝑑 �1 − 2
𝑐𝑐
𝑐𝑐
𝑑𝑑𝑑𝑑′
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑′
𝑑𝑑𝑑𝑑
′
′
𝑢𝑢𝑦𝑦′
=
=
= 𝑢𝑢𝑦𝑦 ,
𝑢𝑢𝑧𝑧′
=
=
= 𝑢𝑢𝑦𝑦 .
𝑑𝑑𝑑𝑑′ 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑′ 𝑑𝑑𝑑𝑑
2
2
Hence taking into account, that 𝑢𝑢𝑦𝑦 + 𝑢𝑢𝑧𝑧 = 𝑢𝑢2 sin2 ϑ𝑢𝑢 ,
expression for modulus 𝑢𝑢′ of vector 𝑢𝑢�⃗′:
′
𝑢𝑢𝑥𝑥′
=
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(𝑢𝑢
�⃗ − �υ⃗)2 − 𝑢𝑢2
1−

υ2 2
sin ϑ𝑢𝑢
𝑐𝑐 2
.
2

υ
𝑐𝑐 2

If vectors 𝑢𝑢�⃗ and �υ⃗ are parallel, i.e. if ϑ𝑢𝑢 = 0, then
𝑢𝑢′ =

𝑢𝑢 − υ

2

�1 − υ2
𝑐𝑐

whence speeds addition formula follows

𝑢𝑢 = υ + 𝑢𝑢′ �1 −

(3.3)

,

υ2
,
𝑐𝑐 2

Which under υ ≪ 𝑐𝑐, 𝑢𝑢′ ≪ 𝑐𝑐 is quantitatively differ from value 𝑢𝑢 =

υ+𝑢𝑢′

1+

υ+𝑢𝑢′
𝑐𝑐2

,

predicted by SRT only in the third order.
We find angle ϑ′𝑢𝑢 cosine between vector 𝑢𝑢�⃗′ and axes 𝑂𝑂′𝑥𝑥′ (or vector
′
– �υ⃗′) in moving IRF from the equality cos ϑ′𝑢𝑢′ = 𝑢𝑢𝑥𝑥′
/𝑢𝑢′ and
relationships (2.1), (2.3):
cos ϑ′𝑢𝑢′ =

ctg ϑ′𝑢𝑢′

𝑢𝑢 cos ϑ𝑢𝑢 − υ

;
2
υ
2
�(𝑢𝑢
�⃗ −
−
sin ϑ𝑢𝑢
𝑐𝑐 2
1
υ
=
�ctg ϑ𝑢𝑢 − cosec ϑ𝑢𝑢 �.
2
𝑢𝑢
�1 − υ2
𝑐𝑐
�υ⃗)2

𝑢𝑢2

(3.4)

Similarly we can easily get transformations, inverse to (2.1)–(2.3):
𝑢𝑢𝑥𝑥 =

′
− υ′
𝑢𝑢𝑥𝑥′

′2
�1 + υ 2
𝑐𝑐

𝑢𝑢 = �
cos ϑ𝑢𝑢 =

′
, 𝑢𝑢𝑦𝑦 = 𝑢𝑢𝑦𝑦′
,

′
𝑢𝑢𝑧𝑧 = 𝑢𝑢𝑧𝑧′
′

υ′2 2 ′
sin ϑ𝑢𝑢′
𝑐𝑐 2
,
′2

(𝑢𝑢
�⃗′ − �υ⃗′)2 + 𝑢𝑢′2

υ
𝑐𝑐 2
𝑢𝑢′ cos ϑ′𝑢𝑢′ − υ′
1+

;
υ′2 2 ′
′
2
′2
�(𝑢𝑢
�⃗ − �υ⃗′) + 𝑢𝑢
sin ϑ𝑢𝑢′
𝑐𝑐 2
1
υ′
�ctgϑ′𝑢𝑢′ − cosecϑ′𝑢𝑢′ �
ctg ϑ𝑢𝑢 =
′2
𝑢𝑢′
�1 + υ 2
𝑐𝑐

(3.5)
(3.6)

(3.7)

Here also relations pairs (2.1)/(2.5), (2.3)/(2.6) and finally (2.4)/(2.7)
have the same indicated above symmetry (at the same time there is no such
symmetry in similar relations of ETT-theory, given, for example, in
[25,28,29]). Wherein angles ϑ𝑢𝑢 and ϑ′𝑢𝑢′ are related to each other in the same
way as angles ϑ and ϑ′ (see formulas (2.13) and (2.15)).
Equalities (2.5), (2.6) can be represented in another form:
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υ2 ′
′
𝑢𝑢 + υ, 𝑢𝑢𝑦𝑦 = 𝑢𝑢𝑦𝑦′
,
𝑐𝑐 2 𝑥𝑥′

′
𝑢𝑢𝑧𝑧 = 𝑢𝑢𝑧𝑧′
′

𝑢𝑢 = �𝑢𝑢′2 + υ2 + 2�1 − υ2 /𝑐𝑐 2 𝑢𝑢′ υ cos ϑ′𝑢𝑢′ − 𝑢𝑢′2

υ2
cos 2 ϑ′𝑢𝑢′ .
𝑐𝑐 2

(3.8)
(3.9)

These formulas represent velocities addition law in case, when υ𝑥𝑥 = υ,

υ𝑦𝑦 = υ𝑧𝑧 = 0.

3.2. In exactly the same way, differentiating both sides of each of
equalities (2.1), (2.2) (or (2.5)) in time, it is possible to find formulas for
direct and inverse transformations of material point instant acceleration
vector 𝑎𝑎⃗ modulus (or 𝑎𝑎⃗′) and angle ϑ𝑎𝑎 (or ϑ′𝑎𝑎′ ) between vector 𝑎𝑎⃗ and vector
�⃗:
υ
2

cos ϑ′𝑎𝑎′ =

cos ϑ𝑎𝑎 =

�1 − υ2 sin2 ϑ𝑎𝑎
𝑐𝑐
′
𝑎𝑎 = 𝑎𝑎
,
υ2
1− 2
𝑐𝑐

cos ϑ𝑎𝑎

2
�1 − υ2 sin2 ϑ𝑢𝑢
𝑐𝑐

;

tg ϑ′𝑎𝑎′ = �1 −

′2

�1 + υ 2 sin2 ϑ′𝑎𝑎′
𝑐𝑐
𝑎𝑎 = 𝑎𝑎′
,
υ′2
1+ 2
𝑐𝑐

cos ϑ′𝑎𝑎′

;

tg ϑ𝑎𝑎 = �1 +

υ2
tg ϑ𝑎𝑎 ,
𝑐𝑐 2

υ′2
tg ϑ′𝑎𝑎′ .
𝑐𝑐 2

(3.10)

(3.11)
(3.12)

(3.13)
′2
υ
′
2
�1 + 2 sin ϑ𝑎𝑎′
𝑐𝑐
Note, that the angles ϑ𝑎𝑎 and ϑ′𝑎𝑎′ transform into each other under the
same rules as the angles ϑ𝑙𝑙 and ϑ′𝑙𝑙′ between rectilinear segment and
vector υ�⃗ (see formulas (2.19), (2.21)).

4. Light speed in reference frame, moving relatively to
isotropic IRF

4.1. Suppose that material point M , which was discussed in
the previous paragraph, is photon (or, if we omit the term «material», then
point 𝑀𝑀 can be understood as an infinitely small fragment of
electromagnetic wave front), flying through space with velocity 𝑐𝑐 relatively
to isotropic reference frame 𝑲𝑲0 in vector 𝑛𝑛�⃗ direction (perpendicular to
wave front). Then vector 𝑢𝑢�⃗ in formulas (3.1)–(3.7) should be replaced by
vector 𝑐𝑐𝑛𝑛�⃗, and angle ϑ𝑢𝑢 - by ϑ𝑐𝑐 , where ϑ𝑐𝑐 is angle between 𝑢𝑢�⃗ and υ�⃗ in
isotropic IRF 𝑲𝑲0 .
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As a result after simple transformations we get following expressions
for light speed 𝑐𝑐′ in moving reference frame 𝑲𝑲′ and angle ϑ𝑐𝑐 between
movement direction of considered photon in this reference frame (or
normal to the wave front) and vector υ�⃗:

cos ϑ′𝑐𝑐′ =

υ
cos ϑ𝑐𝑐 −
𝑐𝑐 ;
υ
1 − cos ϑ𝑐𝑐
𝑐𝑐

𝑐𝑐 ′ = 𝑐𝑐

υ
�1 − cos ϑ𝑐𝑐 �
𝑐𝑐
,
2
υ
�1 − 2
𝑐𝑐

ctg ϑ′𝑐𝑐′ =

1

�1 −

υ
�ctg ϑ𝑐𝑐 − cosec ϑ𝑐𝑐 �.
𝑐𝑐

(4.2)

υ
�ctg ϑ′𝑐𝑐′ + cosec ϑ′𝑐𝑐′ �.
𝑐𝑐

(4.3)

υ2
𝑐𝑐 2

(4.1)

Thus light speed in reference frame, moving at certain speed
relatively to isotropic reference frame, is anisotropic.
4.2. However, under light velocity measurement in moving
laboratory reference frame 𝑲𝑲′ in different directions, it will be
experimentally got dependence value 𝑐𝑐′ not on angle ϑ𝑐𝑐 , but on angle ϑ′𝑐𝑐′ .
Therefore formula (1) should be presented either in the form of
dependence 𝑐𝑐 ′ = 𝑐𝑐′(υ, ϑ′𝑐𝑐′ ) or in the form of dependence 𝑐𝑐 ′ = 𝑐𝑐′(υ′, ϑ′𝑐𝑐′ ).
Note that equalities (2), as well as formulas (3.7), imply relations:
υ
cos ϑ′𝑐𝑐′ +
𝑐𝑐 ;
cos ϑ𝑐𝑐 =
υ
1 + cos ϑ′𝑐𝑐′
𝑐𝑐

ctg ϑ𝑐𝑐 =

1

�1 −

υ2
𝑐𝑐 2

Substituting the first of these expressions in formula (1), we come to
expression for light velocity in moving laboratory reference frame
as function of angle ϑ′𝑐𝑐′ between light propagation direction in given IFR
and velocity vector υ�⃗ of this reference frame relatively to IRF 𝑲𝑲0 :
2

�1 − υ2
𝑐𝑐
𝑐𝑐′(υ, ϑ′𝑐𝑐 ′ ) = 𝑐𝑐
.
υ
1 + cos ϑ′𝑐𝑐′
𝑐𝑐

(4.4)

Consider some special and limiting cases of dependence (4). So for
values of angle ϑ′𝑐𝑐′ = 0; ϑ′𝑐𝑐′ = π/2 and ϑ′𝑐𝑐′ = π light speed is equal,
respectively,:
𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = 0� = 𝑐𝑐�

If

If |β| ≪ 1, then

1−β
;
1+β

𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = π/2� = 𝑐𝑐�1 − β2 ;

𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = π� = 𝑐𝑐�

1+β
.
1−β

𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = 0� ≈ 𝑐𝑐(1 − β);
𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = π� ≈ 𝑐𝑐(1 + β),
|β| = 1 − ε, where 0 < ε ≪ 1 , then
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𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = 0� ≈ 𝑐𝑐�ε/2 �⎯� 0,

𝑐𝑐 ′ �ϑ′𝑐𝑐 ′ = π� ≈ 𝑐𝑐�2/ε �⎯� ∞.

ε→0

ε→0

(4.7)

Using equalities (2.6), (2.9), it is easy to obtain form of function 𝑐𝑐 ′ =
𝑐𝑐′(υ′, ϑ′𝑐𝑐′ )from expression (4):
𝑐𝑐′(υ′, ϑ′𝑐𝑐 ′ ) =

υ′2

𝑐𝑐

υ′
cos ϑ′𝑐𝑐′
𝑐𝑐
𝑐𝑐 2
υ′
sin ϑ′𝑐𝑐′ tgϑ′𝑐𝑐′ > 1, then 𝑐𝑐′(υ′, ϑ′𝑐𝑐′ ) < 𝑐𝑐 .
�1 +

−

.

(4.8)

Note that if 2𝑐𝑐
Relations (2), (3) describe light aberration, i.e. light propagation
direction change phenomena under transition from one reference frame to
another reference frame.
4.3. The question may arise is it legitimate to apply formulas (3.1)–
(3.7) to photon or wave front fragment? Positive answer to it is confirmed
by given below independent formula derivation (3.1) and coincidence of
formula (3.4), obtained on basis of equations (3.1)–(3.7), with formula
for 𝑐𝑐′, resulting from wave theory.
Let’s derive (1), using R-transformation (2.1) and basic information
from kinematics. Assume that there is light source at coordinate system
origin 𝑂𝑂′ of laboratory reference frame 𝑲𝑲′ which sends short light pulse in
time moment 𝑡𝑡 ′ = 0 towards point 𝑀𝑀′ (𝑥𝑥 ′ , 𝑦𝑦 ′ ), located on plane 𝑂𝑂′ 𝑥𝑥 ′ 𝑦𝑦 ′ . This
point distance from light source is equal to 𝑟𝑟 ′ = �𝑥𝑥 ′2 + 𝑦𝑦 ′2 . Light pulse
approaches this point in time moment
𝑡𝑡′ =

𝑟𝑟′ �𝑥𝑥 ′2 + 𝑦𝑦 ′2
=
𝑐𝑐′
𝑐𝑐′

(4.9)

𝑐𝑐 ′ =

𝑟𝑟′ �𝑥𝑥 ′2 + 𝑦𝑦 ′2
=
.
𝑡𝑡 ′
𝑡𝑡 ′

(4.10)

𝑡𝑡 =

𝑟𝑟 �𝑥𝑥 2 + 𝑦𝑦 2
=
.
𝑐𝑐
𝑐𝑐

(4.11)

(on laboratory clock), where 𝑐𝑐′ is light speed in laboratory reference frame
in direction 𝑂𝑂′𝑀𝑀′. This implies

On the other hand from viewpoint of isotropic reference frame,
coordinate origin of which O in time moment 𝑡𝑡 = 𝑡𝑡 ′ = 0 coincides with
point 𝑂𝑂′ and relatively to which light propagates with independent of
direction velocity 𝑐𝑐, considered light pulse will reach point 𝑀𝑀′ in time
moment 𝑡𝑡 after passing distance 𝑟𝑟 = �𝑥𝑥 2 + 𝑦𝑦 2 , where 𝑥𝑥, 𝑦𝑦 – point 𝑀𝑀′
coordinates in given reference frame. Wherein
Let’s now take into account, firstly, that coordinates 𝑥𝑥 ′ , 𝑦𝑦′ are related
to the same point coordinates 𝑥𝑥, 𝑦𝑦 by R-transformations (2.1) and,
secondly, that in this case there is equality (11). Hence
υ
𝑥𝑥 ′ = 𝑥𝑥 − υ𝑡𝑡 = 𝑥𝑥 − �𝑥𝑥 2 + 𝑦𝑦 2 ;
𝑐𝑐
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Let’s substitute expressions (12) into formula (2.12) for 𝑟𝑟′. Then after
simple transformations we get:
2
υ
υ2
𝑟𝑟 ′2 = 𝑥𝑥 ′2 + 𝑦𝑦 ′2 = �𝑥𝑥 − �𝑥𝑥 2 + 𝑦𝑦 2 � + 𝑦𝑦 2 �1 − 2 � =
𝑐𝑐
𝑐𝑐
2
2
υ𝑥𝑥
υ
= ��𝑥𝑥 2 + 𝑦𝑦 2 − 2 � = 𝑟𝑟 2 �1 − cos ϑ𝑐𝑐 �
𝑐𝑐
𝑐𝑐
(here it is taken into account that 𝑥𝑥 = 𝑟𝑟 cos ϑ𝑐𝑐 , where ϑ𝑐𝑐 is angle
segment 𝑂𝑂𝑂𝑂′ and 𝑂𝑂𝑂𝑂 axis or vector υ�⃗ , parallel to it).

(4.13)

between

Substituting (13) into formula (10) and taking into account relation
(2.1) between time gaps 𝑡𝑡′ and 𝑡𝑡: 𝑡𝑡 ′ = 𝑡𝑡�1 − υ2 /𝑐𝑐 2 , we get formula for light
speed 𝑐𝑐′ in direction 𝑂𝑂′𝑀𝑀′ in reference frame 𝑲𝑲′, moving at speed υ�⃗
relatively to reference frame 𝑲𝑲0 :
υ
�1 − cos ϑ𝑐𝑐 �
𝑐𝑐
𝑐𝑐 = 𝑐𝑐
,
2
�1 − υ2
𝑐𝑐
′

(4.14)

which, as expected, coincides with formula (1), obtained in another way.
4.4. It follows from expression (4) that, if initial light propagation
direction in IRF 𝑲𝑲′ is given by angle ϑ′𝑐𝑐′ , then propagating in opposite
direction, i.e. at angle (π − ϑ′𝑐𝑐′ ) to vector υ�⃗ , light speed is determined by
formula
2

�1 − υ2
𝑐𝑐
′
𝑐𝑐′(υ, π − ϑ𝑐𝑐′ ) = 𝑐𝑐
.
(4.15)
υ
1 − cos ϑ′𝑐𝑐′
𝑐𝑐
Then average double-sided light speed 𝑐𝑐̅′ under its propagation on the
way «there» with speed 𝑐𝑐+′ = 𝑐𝑐′(υ, ϑ′𝑐𝑐′ ) and on the way «back» with speed
𝑐𝑐−′ = 𝑐𝑐′(υ, π − ϑ′𝑐𝑐′ ) is defined by expression
2
1
1
2𝑐𝑐+′ 𝑐𝑐−′
′
=
+
,
or
𝑐𝑐̅
=
.
(4.16)
𝑐𝑐+′ + 𝑐𝑐−′
𝑐𝑐̅′ 𝑐𝑐+′ 𝑐𝑐−′
It is measured in reference frame, moving at speed υ relatively

to isotropic IRF, and does not depend on direction in space:
𝑐𝑐̅′ = 𝑐𝑐 �1 −

υ2
.
𝑐𝑐 2

(4.17)

Notice that if υ ≠ 0, then 𝑐𝑐̅′ < 𝑐𝑐 always.
Equality (17), on the one hand, fully explains Michelson–Morly and
their followers experiments results and, on the other hand, corresponds to
assumption about anisotropy of «one-sided» light velocity in reference
frames, moving relatively luminiferous (conditionally) medium.
If we assume, that Earth velocity vector υ�⃗ relatively to isotropic IRF
is equal to geometrical sum of Solar system velocity vector υ�⃗o relatively to
background microwave (relict) radiation (υо ≈ 370 km/с) and Earth orbital
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speed vector (υorb ≈ 30 km/с), then maximum difference of mean twosided light speeds ∆𝑐𝑐̅′ , measured in two opposite points of Solar orbit
(arising due to presence Lorentz factor in formula (17)), will be only
∆𝑐𝑐̅′ ≈ 2

υо υorb
≈ 80 m/с ≈ 2,7 ∙ 10−7 𝑐𝑐.
𝑐𝑐

Value 𝑐𝑐̅′ can also be expressed in terms of isotropic IRF 𝑲𝑲0 speed υ′,
measured by laboratory reference frame 𝑲𝑲′ devices,
𝑐𝑐̅′ = 𝑐𝑐 �1 +

υ′2
�
𝑐𝑐 2

−1/2

.

(4.18)

If quantities 𝑐𝑐̅′ and υ′ are measured in IRF 𝑲𝑲′, then light speed 𝑐𝑐
relatively to isotropic IFR 𝑲𝑲0 can be found on formula
1/2

𝑐𝑐̅′

υ′2
𝑐𝑐 =
�1 + �1 + 4 ′2 �
𝑐𝑐̅
√2

.

(4.19)

One-sided light speeds 𝑐𝑐+′/𝑐𝑐−′ , difference, measured in reference frame
𝑲𝑲′ is first-order quantity relatively to dimensionless parameter υ′ /𝑐𝑐 :
𝑐𝑐+′ −𝑐𝑐−′ = −2𝑐𝑐 �1 −

υ2 υ
� �
𝑐𝑐 2 𝑐𝑐

cos ϑ′𝑐𝑐′
υ′
cos ϑ′𝑐𝑐′
=
2𝑐𝑐
�
�
. (4.20)
υ2
υ′2
𝑐𝑐
1 − 2 cos 2 ϑ′𝑐𝑐′
1 + 2 sin2 ϑ′𝑐𝑐′
𝑐𝑐
𝑐𝑐

Let’s assume that nonrotating geocentric reference system is
isotropic and its coordinate axes are directed to remote space objects
(quasars). Therefore difference in values 𝑐𝑐+′ and 𝑐𝑐−′ on Earth is determined
only by its rotational speed about its axis and maximum value of
difference Δ𝑐𝑐±′ = 𝑐𝑐+′ −𝑐𝑐−′ is achieved at equator, where ϑ′𝑐𝑐′ = 0, under υ′ =
Ω𝑅𝑅 , 𝑅𝑅 = 6,38 ∙ 106 m, Ω = 7,29 ∙ 10−5 𝑠𝑠 −1 , and (as it follows from (20)) is
equal to Δ𝑐𝑐±′ ≈ 930 m/s or Δ𝑐𝑐±′ /𝑐𝑐 ≈ 3,1 ∙ 10−6 . If reference frame associated
with, for example, background microwave radiation, is isotropic, so
that υ�⃗ = υ�⃗о + �υ⃗orb + �υ⃗day , then difference Δ𝑐𝑐±′ can reach value ~3 ∙ 10−3 𝑐𝑐, if
the vector υ�⃗o lies in the same plane like Earth orbit, and is considerably
smaller, ~3 ∙ 10−6 𝑐𝑐, if the vector υ�⃗о is perpendicular to this plane.

5. Clocks movement rate comparison in moving reference
frames. Longitudinal distance invariance.

5.1. According to special relativity theory in all material bodies
systems, moving relatively to reference frame, conditionally adopted as
stationary (laboratory), time flow is delayed , compared with that in given
(laboratory) reference frame. Wherein transition from original laboratory
IRF to any other reference frame, moving relatively the first reference
frame (for example, to new laboratory, located at space station), leads to
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that now time flow in old laboratory is slower than in the new one. As it’s
known this relativistic effect results in so-called twins paradox.
And now let’s clear what's happening with clock rate in different
reference frames in terms of «real relativistic theory». Wherein we will
not use terms time dilatation and/or acceleration. The fact is that our time
essence knowledge as natural phenomenon is extremely scarce. So to talk
about that in one or another physical system time flows differently, depending
on from where (from Earth or Space station) observer (subject!) learns this
system, looks not entirely compatible with scientific method. In other
words, in author opinion, time flow rate and clock rate isn’t the same
(especially, if in accordance with SRT, to consider time dilatation as
kinematic effect).
5.2. So let 𝑲𝑲0 is isotropic reference frame, 𝑇𝑇0 is its clock, υ�⃗ is
laboratory reference frame 𝑲𝑲′ velocity vector relatively to IRF 𝑲𝑲0 , 𝑇𝑇′ is this
laboratory clock, 𝑢𝑢�⃗ is some body velocity vector (wherein this body is
equipped with clock 𝑇𝑇′′) relatively to IRF 𝑲𝑲0 as well, ϑ𝑢𝑢 is angle between
𝑢𝑢
�⃗ and υ
�⃗. Then, in accordance with time P-transformation (see latter from
formulas (2.1)), time gap Δ𝑡𝑡 between some events, according to the IRF
𝑲𝑲0 clock 𝑇𝑇0 , is associated with time gaps Δ𝑡𝑡′ и Δ𝑡𝑡′′, according to moving
clock 𝑇𝑇 ′ and 𝑇𝑇 ′′ respectively, between the same events, by ratios:
Δ𝑡𝑡 ′ = Δ𝑡𝑡 �1 −

υ2
,
𝑐𝑐 2

Δ𝑡𝑡 ′′ = Δ𝑡𝑡 �1 −

𝑢𝑢2
.
𝑐𝑐 2

Hence time gaps durations Δ𝑡𝑡′ and Δ𝑡𝑡 ′′ are appeared related by ratio:
Δ𝑡𝑡 ′′ = Δ𝑡𝑡′�

𝑐𝑐 2 − 𝑢𝑢2
.
𝑐𝑐 2 − υ2

(5.1)

(5.2)

It is seen already from here that if 𝑢𝑢2 > υ2 , then observer clock 𝑇𝑇′′ is
running slower than laboratory clock 𝑇𝑇 ′ , but if 𝑢𝑢2 < υ2 , then, on the
contrary, clock 𝑇𝑇 ′′ runs faster than clock 𝑇𝑇′.
5.3. However, if clock 𝑇𝑇 ′ ′ velocity 𝑢𝑢�⃗ in laboratory IRF 𝑲𝑲′ relatively
to IRF 𝑲𝑲0 is unknown, but located there observer can measure clock 𝑇𝑇′′
velocity vector 𝑢𝑢�⃗′ relatively to his laboratory and angle ϑ′𝑢𝑢′ between vector
𝑢𝑢
�⃗′ and vector υ
�⃗ (or vector −υ
�⃗′), then he can’t use formula (2) to calculate
value Δ𝑡𝑡 ′′. Therefore let’s transform this formula so that value 𝑢𝑢2 was
expressed through 𝑢𝑢′2 and angle ϑ′𝑢𝑢′ .
It is enough to use equalities (3.6) and (2.9) for this. After some
simple transformations we get
𝑢𝑢2 = 𝑢𝑢′2 + 𝑐𝑐 2 − ��𝑐𝑐 2 − υ2 −
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𝑢𝑢′ υ
cos ϑ′𝑢𝑢′ � .
𝑐𝑐

(5.3)
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Substituting this expression into formula (2) we come to desired
relation between durations Δ𝑡𝑡′′ and Δ𝑡𝑡 ′ :
Δ𝑡𝑡 ′′ = Δ𝑡𝑡′

2
𝑢𝑢′ υ
cos ϑ′𝑢𝑢′ � − 𝑢𝑢′2
𝑐𝑐
.
𝑐𝑐 2 − υ2

2
2
��√𝑐𝑐 − υ −

(5.4)

It follows from this formula that moving relatively to laboratory
clock 𝑇𝑇′′ time gap duration Δ𝑡𝑡 ′′ between some events will be more, than
corresponding laboratory clock 𝑇𝑇 ′ time gap Δ𝑡𝑡′, if, firstly, cos ϑ′𝑢𝑢′ < 0 (so
that π2 < ϑ′𝑢𝑢′ < π, e.g. clock 𝑇𝑇′′ move aside approximately opposite to
vector υ�⃗) and, secondly, if wherein
2

�1 − υ2 �cos ϑ′𝑢𝑢′ �
𝑐𝑐
′
𝑢𝑢 < 2υ
,
υ2
1 − 2 cos 2 ϑ′𝑢𝑢′
𝑐𝑐

(5.5)

It means that clock 𝑇𝑇′′ movement in space relatively to laboratory should
be slow enough.
Thus ratio between clock measured time gaps Δ𝑡𝑡′ and Δ𝑡𝑡′′ depends
on both clock 𝑇𝑇′′ velocity vector 𝑢𝑢�⃗′ module and clock 𝑇𝑇′′ velocity vector 𝑢𝑢�⃗′
direction relatively to laboratory clock 𝑇𝑇 ′ .
5.4. Now let’s check whether longitudinal distances invariance
property is conserved under several bodies movement relatively to each
other along straight line. So let body 𝑀𝑀′ , equipped with clock and yardstick,
moves relatively to IRF 𝑲𝑲0 along some straight line 𝐴𝐴𝐴𝐴 with velocity υ�⃗, and
body 𝑀𝑀′′, equipped with clock 𝑇𝑇′′ and yardstick, moves relatively to IRF
𝑲𝑲0 with velocity 𝑢𝑢
�⃗ along the same straight line. Then bodies 𝑀𝑀′ and 𝑀𝑀′′ pass
measured in IRF 𝑲𝑲0 fixed distance 𝐿𝐿 in time gaps Δ𝑡𝑡𝑀𝑀′ = 𝐿𝐿/υ and Δ𝑡𝑡𝑀𝑀′′ = 𝐿𝐿/𝑢𝑢,
respectively, measured by clock 𝑇𝑇. But according to RRT appropriate proper
time gaps, i.e. time gaps, measured by moving bodies themselves clock,
will be equal, respectively,
′
Δ𝑡𝑡𝑀𝑀′
= Δ𝑡𝑡𝑀𝑀′ �1 −
′′
Δ𝑡𝑡𝑀𝑀′′
= Δ𝑡𝑡𝑀𝑀′′ �1 −

𝐿𝐿2
υ2
�1
−
=
Δ𝑡𝑡
𝑀𝑀′
2 ,
𝑐𝑐 2
𝑐𝑐 2 Δ𝑡𝑡𝑀𝑀′

𝐿𝐿2
𝑢𝑢2
= Δ𝑡𝑡𝑀𝑀′′ �1 − 2 2 .
2
𝑐𝑐
𝑐𝑐 Δ𝑡𝑡𝑀𝑀′′

(5.6)
(5.7)

On the other hand reference frame 𝑲𝑲0 velocities modules υ′ and 𝑢𝑢′′
relatively to these bodies, measured by these bodies own devices and equal
to, respectively,
𝐿𝐿′
𝐿𝐿′
𝐿𝐿2
υ = ′ =
�1 − 2 2 �
Δ𝑡𝑡𝑀𝑀′ Δ𝑡𝑡𝑀𝑀′
𝑐𝑐 Δ𝑡𝑡𝑀𝑀′
′
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𝐿𝐿′′
𝐿𝐿′′
𝐿𝐿2
=
�1
−
′′
2 �
Δ𝑡𝑡𝑀𝑀′′
Δ𝑡𝑡𝑀𝑀′′
𝑐𝑐 2 Δ𝑡𝑡𝑀𝑀′′

−1/2

,

(5.9)

(where 𝐿𝐿′ and 𝐿𝐿′′ are distances passed by these bodies and measured by
their own yardsticks). In accordance with (2.5) above indicated modules are
related 𝑡𝑡𝑡𝑡 υ and 𝑢𝑢 by ratios:
υ′ = υ �1 −

υ2
�
𝑐𝑐 2

−1/2

𝑢𝑢2
𝑢𝑢 = 𝑢𝑢 �1 − 2 �
𝑐𝑐
′′

−1/2

=

𝐿𝐿
𝐿𝐿2
�1 − 2 2 �
Δ𝑡𝑡𝑀𝑀′
𝑐𝑐 Δ𝑡𝑡𝑀𝑀′

−1/2

𝐿𝐿
𝐿𝐿2
=
�1 − 2 2 �
Δ𝑡𝑡𝑀𝑀′′
𝑐𝑐 Δ𝑡𝑡𝑀𝑀′′

,

−1/2

.

(5.10)

(5.11)

Equating equalities (8)/(10) right-hand sides, as well as (9)/(11)
right-hand sides, we get that 𝐿𝐿′ = 𝐿𝐿′′ = 𝐿𝐿. It confirms longitudinal distances
invariance under bodies movement relatively to each other along the
same straight line.
5.5. However, this conclusion remains valid also when bodies move
uniformly, but with different speeds, along the same circle. In this case,
assuming this circle length 𝐿𝐿 given, we can formally introduce its
𝐿𝐿
«conditional» radius according to formula 𝑅𝑅 = 2π
. This radius will be equal
in all uniformly rotating reference frames with common rotation center:
𝑅𝑅′ = 𝑅𝑅′′ =. . . = 𝑅𝑅 as it follows from equalities 𝐿𝐿 = 𝐿𝐿′ = 𝐿𝐿′′ =. ... But how it is
consistent with RRT postulates about moving body transverse sizes
increase, when these are measured in isotropic IRF in directions,
perpendicular to vector υ�⃗ or vector 𝑢𝑢�⃗? In other words, according RRT it
would seem that the inequality 𝑅𝑅′ < 𝑅𝑅 should take place. Isn’t there a
contradiction here?
Author believes that there is no contradiction. To verify this let’s
consider stationary solid disk centered at point 𝑂𝑂 with radius 𝑅𝑅 (before
rotation). What will happen with disc under its acceleration till some
constant angle speed Ω?
On the one hand, its particles transverse sizes (in directions,
perpendicular to instant local velocity vector) will increase. On the other
hand, these particles longitudinal sizes will remain unchanged, so that the all
concentric circles length, physically representing nothing else as atoms chain
with center at point 𝑂𝑂, will not change, i.e., the same as in nonrotating disc. These two conditions turn out to be quiet compatible if to
take into account that during acceleration disc is gradually deformed,
preserving axial symmetry, and, possibly, taking shape of saucer or
umbrella (inverted saucer) or concentric pleated membrane. However
more likely that disc deformation occurs not at macro-, but at atomic,
micro- level, when neighboring concentric atoms layers (or such layers
65T
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groups) are shifted relatively to their starting positions to different sides in
directions, perpendicular to rotation plane. As a result the external
observer from IRF 𝑲𝑲0 will find only some disc thickness increase which
is growing as you move away from center 𝑂𝑂, under constant observed
(apparent) its radius = 𝐿𝐿/2π.
However true distance 𝑅𝑅0 from disk center to its outer boundary
should be measured along its transverse profile, i.e., in fact, following all
deformed disk bends, including microprofile, created by shifted atomic
layers. Exactly this distance is related to disk own radius 𝑅𝑅′ , measured in
rotating IRF 𝑲𝑲′ by similarly deformed yardstick, by ratio:
2 −1/2

𝑅𝑅 ′

Ω𝑟𝑟′
𝑅𝑅0 = � �1 − � � �
𝑐𝑐
0

𝑑𝑑𝑟𝑟 ′ =

𝑐𝑐
Ω𝑅𝑅′
arcsin �
� > 𝑅𝑅′.
Ω
𝑐𝑐

(5.12)

Thus there are following relations: 𝐿𝐿′ = 2π𝑅𝑅′ = 𝐿𝐿 = 2π𝑅𝑅, 𝑅𝑅 = 𝑅𝑅′ < 𝑅𝑅0
in rotating disc case.
Notice that problem, similar to just discussed problem, exists in
special relativity theory (and also in ET-theory). Only there, on the contrary,
radial distances are not changed, while circumference decreases. However
in SRT this problem is solved, as far as author knows, by referring to
corresponding space-time curvature, and ET-theory authors don’t mention it
at all.

6. SRT/RRT three reference frames relative motion one
problem solution application results comparison
6.1. Let's return to situation considered in Section 5.2. Namely, let’s
consider three IRF: 𝑲𝑲, 𝑲𝑲′ and 𝑲𝑲′′ . We will consider IRF 𝑲𝑲 as «conditionally
stationary» and, assume that reference frames 𝑲𝑲′ and 𝑲𝑲′′ move relatively to
𝑲𝑲 along straight line 𝐴𝐴𝐴𝐴. Let’s denote their constant velocities relatively to
IRF as υ�⃗ and 𝑢𝑢�⃗, respectively, and IRF 𝑲𝑲′′ velocity relatively to IRF 𝑲𝑲′
��⃗ . Let IRF 𝑲𝑲 𝑂𝑂𝑂𝑂 axis, IRF 𝑲𝑲′ 𝑂𝑂′𝑥𝑥′ axis and IRF 𝑲𝑲′′
(measured in в 𝑲𝑲′ ) as 𝑤𝑤
𝑂𝑂′′𝑥𝑥′′ axis are directed along straight line 𝐴𝐴𝐴𝐴 and let’s denote these IRFs
current clock 𝑇𝑇, 𝑇𝑇′ and 𝑇𝑇′′ times as 𝑡𝑡, 𝑡𝑡 ′ and 𝑡𝑡 ′′ , respectively. First consider
this IRF group from SRT point of view.
According to SRT space-time coordinates (𝑥𝑥, 𝑡𝑡), (𝑥𝑥 ′ , 𝑡𝑡′) and
(𝑥𝑥 ′′ , 𝑡𝑡′′) of the same event in these three reference frames are related by
Lorentz transformations:
′

𝑥𝑥 =

𝑥𝑥 − υ𝑡𝑡

2
�1 − υ2
𝑐𝑐

υ𝑥𝑥
𝑐𝑐 2 ,
𝑡𝑡 =
2
�1 − υ2
𝑐𝑐
′

,
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′′

𝑥𝑥 =
𝑥𝑥 ′′ =

2

�1 − 𝑢𝑢2
𝑐𝑐
𝑥𝑥′ − 𝑤𝑤𝑤𝑤′

2
�1 − 𝑤𝑤2
𝑐𝑐

Volume 49, 2020
𝑢𝑢𝑢𝑢
𝑐𝑐 2 ,
𝑡𝑡 =
2
�1 − 𝑢𝑢2
𝑐𝑐
𝑤𝑤𝑤𝑤′
𝑡𝑡′ − 2
𝑐𝑐 .
𝑡𝑡 ′′ =
2
�1 − 𝑤𝑤2
𝑐𝑐
𝑡𝑡 −

′′

,
,

(6.2)
(6.3)

Notice that last two equalities are possible only if speeds υ, 𝑢𝑢 and 𝑤𝑤 are
related by relation
𝑤𝑤 =

𝑢𝑢 − υ
𝑢𝑢υ .
1− 2
𝑐𝑐

(6.4)

It is easily to see that by substituting transformations, inverse to (1),
in formulas (2) and presenting result as equities (3). Wherein it appears that
along with the formula (4) it should take place identity
�1 −

𝑢𝑢υ
υ2
𝑢𝑢2
𝑤𝑤 2
�1 −
�1 −
�1 −
�
=
,
𝑐𝑐 2
𝑐𝑐 2
𝑐𝑐 2
𝑐𝑐 2

(6.5)

validity of which can be seen by direct verification.
6.2. Formulas (1)–(3) imply that coordinates differences 𝑑𝑑𝑑𝑑, 𝑑𝑑𝑑𝑑 ′ and
′
𝑑𝑑𝑑𝑑 ′, between two close events and time gaps 𝑑𝑑𝑑𝑑, 𝑑𝑑𝑡𝑡 ′ and 𝑑𝑑𝑡𝑡 ′′ , between these
events, measured in different reference frames, are related by ratios
𝑑𝑑𝑑𝑑 − υ𝑑𝑑𝑑𝑑

′

𝑑𝑑𝑑𝑑 =
𝑑𝑑𝑑𝑑 ′′ =
𝑑𝑑𝑥𝑥 ′′ =

2
�1 − υ2
𝑐𝑐

,

𝑑𝑑𝑑𝑑 − 𝑢𝑢𝑢𝑢𝑢𝑢
2

�1 − 𝑢𝑢2
𝑐𝑐

𝑑𝑑𝑑𝑑 ′ − 𝑤𝑤𝑤𝑤𝑤𝑤′
2

�1 − 𝑤𝑤2
𝑐𝑐

υ
2 𝑑𝑑𝑑𝑑
𝑐𝑐
𝑑𝑑𝑑𝑑 =
,
2
υ
�1 − 2
𝑐𝑐
𝑢𝑢
𝑑𝑑𝑑𝑑 − 2 𝑑𝑑𝑑𝑑
𝑐𝑐
𝑑𝑑𝑡𝑡 ′′ =
,
2
�1 − 𝑢𝑢2
𝑐𝑐
𝑤𝑤
𝑑𝑑𝑑𝑑 ′ − 2 𝑑𝑑𝑑𝑑′
𝑐𝑐
𝑑𝑑𝑡𝑡 ′′ =
.
2
�1 − 𝑤𝑤2
𝑐𝑐
′

,
,

𝑑𝑑𝑑𝑑 −

(6.6)
(6.7)
(6.8)

Let’s assume that events in question are, firstly, two successive
«ticking» of clock 𝑇𝑇′, stationary in reference frame 𝑲𝑲′ . Then 𝑑𝑑𝑑𝑑′ is time gap
between these events according to given clock readings. Secondly, events in
question are two successive «ticking» of clock 𝑇𝑇′′, stationary in reference
frame 𝑲𝑲′′, and 𝑑𝑑𝑡𝑡 ′′ is time gap between these events according to given
clock readings. In other words, value 𝑑𝑑𝑑𝑑′ ≝ 𝑑𝑑𝑡𝑡с′ is proper time unit
duration (for example, one nanosecond) of clock 𝑇𝑇′ (and other bodies)
stationary in IRF 𝑲𝑲′ , and 𝑑𝑑𝑑𝑑′′ ≝ 𝑑𝑑𝑡𝑡с′′ is proper time unit duration of clock 𝑇𝑇′′
(and bodies) stationary in IRF 𝑲𝑲′′.
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But since clock 𝑇𝑇′ don’t move relatively to IRF 𝑲𝑲′ and clock 𝑇𝑇′′ don’t
move relatively to IRF 𝑲𝑲′′, then their coordinates changes in respective
IRF is equal to zero: 𝑑𝑑𝑥𝑥 ′ = 0, 𝑑𝑑𝑥𝑥 ′′ = 0. Then it follows from the first
equalities (6), (7), that their changes in respective IRF are equal to zero:
𝑑𝑑𝑥𝑥′ = 0, 𝑑𝑑𝑥𝑥 ′′ = 0. Then first equities (6), (7) lead to that these clock
coordinate changes in stationary IRF 𝑲𝑲 are equal to, respectively, 𝑑𝑑𝑑𝑑 =
υ𝑑𝑑𝑑𝑑′ = 𝑑𝑑𝑥𝑥1 and 𝑑𝑑𝑑𝑑 = 𝑢𝑢𝑢𝑢𝑡𝑡′′ = 𝑑𝑑𝑥𝑥2 . Substituting these values 𝑑𝑑𝑑𝑑 in right sides
of second formulas (6) and (7), we come to expressions, defining time gaps
durations 𝑑𝑑𝑡𝑡1 and 𝑑𝑑𝑡𝑡2 between two successive clock 𝑇𝑇 ′ /𝑇𝑇′′ «tickings» from
IRF 𝑲𝑲 viewpoint, i.e. their durations measured in clock readings 𝑇𝑇 of this
conditionally accepted as basic stationary reference frame:
𝑑𝑑𝑡𝑡1 =

𝑑𝑑𝑡𝑡с′

2

�1 − υ2
𝑐𝑐

,

𝑑𝑑𝑡𝑡2 =

𝑑𝑑𝑡𝑡с′′

2

�1 − 𝑢𝑢2
𝑐𝑐

(6.9)

(notice that the same relations are directly obtained from
transformations, inverse to (6), (7)). This implies that durations ratio
𝑑𝑑𝑡𝑡1 /𝑑𝑑𝑡𝑡2 , provided that the same time units 𝑑𝑑𝑡𝑡с′ = 𝑑𝑑𝑡𝑡с′′ in reference frames
𝑲𝑲′ and 𝑲𝑲′′ are chosen, is equal to
𝑢𝑢2
2
2
1− 2
𝑑𝑑𝑡𝑡1
𝑐𝑐 = �1 − 𝑢𝑢 − υ .
=�
2
2
2
υ
𝑑𝑑𝑡𝑡2
𝑐𝑐 − υ
1− 2
𝑐𝑐

(6.10)

Let’s rewrite this formula in a different way by expressing the
ratio 𝑑𝑑𝑡𝑡1 /𝑑𝑑𝑡𝑡2 through speeds υ and 𝑤𝑤, noting that as follows from equation
(4),
𝑢𝑢 =

υ + 𝑤𝑤
𝑤𝑤υ .
1+ 2
𝑐𝑐

As a result expression (10) takes the shape:
υ2
𝑑𝑑𝑡𝑡1
𝑤𝑤 �2υ + 𝑤𝑤 �1 + 𝑐𝑐 2 ��
= �1 − 2
.
υ𝑤𝑤 2
𝑑𝑑𝑡𝑡2
𝑐𝑐
�1 + 2 �
𝑐𝑐

(6.11)

(6.12)

If υ/𝑐𝑐 ≪ 1, 𝑤𝑤/𝑐𝑐 ≪ 1 then up to smallness fourth order terms inclusive

𝑑𝑑𝑡𝑡1
1
1
1
≈ 1 − 2 𝑤𝑤(𝑤𝑤 + 2υ) + 4 �υ𝑤𝑤(υ + 𝑤𝑤)2 + (2υ4 + 𝑤𝑤 4 )�. (6.13)
𝑑𝑑𝑡𝑡2
2𝑐𝑐
2𝑐𝑐
4
6.3. Let’s now 𝑡𝑡с is reference frame 𝑲𝑲 proper time, measured by
stationary clock 𝑇𝑇 in this IRF, and 𝑑𝑑𝑑𝑑 ≝ 𝑑𝑑𝑑𝑑с is time duration unit, adopted in
this IRF, moreover fulfillment of equalities 𝑑𝑑𝑑𝑑с = 𝑑𝑑𝑡𝑡с′ and 𝑑𝑑𝑑𝑑с = 𝑑𝑑𝑡𝑡с′′ is not
necessarily. Then, since this reference frame clock 𝑇𝑇 coordinate change 𝑑𝑑𝑑𝑑 =
0, second of formulas (7) and (8) implies that respective time unit
durations, measured by IRF 𝑲𝑲′ /𝑲𝑲′′ clock, are equal to:
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𝑑𝑑𝑑𝑑с

2
�1 − υ2
𝑐𝑐
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𝑑𝑑𝑡𝑡2′′ =

,

These durations ratio is equal to

𝑑𝑑𝑑𝑑с

2
�1 − 𝑢𝑢2
𝑐𝑐

.

(6.14)

𝑢𝑢2
2
2
1− 2
𝑑𝑑𝑡𝑡1′
𝑐𝑐 = �1 − 𝑢𝑢 − υ ,
�
=
υ2
𝑑𝑑𝑡𝑡2′′
𝑐𝑐 2 − υ2
1− 2
𝑐𝑐
and coincides with ratio 𝑑𝑑𝑡𝑡1 /𝑑𝑑𝑡𝑡2 , expressed by formulas (10), (12).

(6.15)

In other words there is relations equality of time gaps recorded in one
(reference) IRF, between signals, sent with identical frequency from sources,
moving along one straight line, but at different speeds, and time gaps,
recorded in these two moving IRF, between signals, coming to these from
reference frame. Wherein this statement is valid regardless of periods (or
frequencies) ratio of signals, emitted by reference frame/two moving IRF.
Therefore there is equality
𝑑𝑑𝑡𝑡1′
𝑑𝑑𝑡𝑡2′′

= �1 −

𝑤𝑤 �2υ + 𝑤𝑤 �1 +

𝑐𝑐 2

�1 +

υ2
��
𝑐𝑐 2

υ𝑤𝑤 2
�
𝑐𝑐 2

.

(6.16)

similar to (12).
6.4. Let’s assume that after reference frames 𝑲𝑲′ / 𝑲𝑲′′ observers have
measured durations 𝑑𝑑𝑡𝑡1′ and 𝑑𝑑𝑡𝑡2′′ by its own clock and exchanged
information, they have found ratio value 𝑑𝑑𝑡𝑡1′ /𝑑𝑑𝑡𝑡2′′ = 𝑘𝑘. If, besides that, they
know their relative velocity value 𝑤𝑤 ≠ 0, then, based on formula (16), they
will be able to find their speeds relatively to IRF 𝑲𝑲:
where

𝑐𝑐 2
υ = (𝑞𝑞𝑆𝑆 − 𝑘𝑘 2 ),
𝑤𝑤

𝑤𝑤 2
2
𝑐𝑐 2 𝑞𝑞𝑆𝑆 − �𝑘𝑘 − 𝑐𝑐 2 �
𝑢𝑢 = �
�,
𝑤𝑤 𝑞𝑞𝑆𝑆 + (1 − 𝑘𝑘 2 )

𝑞𝑞𝑆𝑆 = �(1 − 𝑘𝑘 2 ) + 𝑘𝑘 2 �𝑘𝑘 2 −

𝑤𝑤 2
�.
𝑐𝑐 2

(6.17)

(6.18)

If υ/𝑐𝑐 ≪ 1, 𝑤𝑤/𝑐𝑐 ≪ 1, |1 − 𝑘𝑘| ≪ 1, but 𝑤𝑤 ≠ 0, then, as follows from
(17), up to smallness second order terms inclusive,
υ ≈ (1 − 𝑘𝑘)

𝑐𝑐 2 1
− 𝑤𝑤,
𝑤𝑤 2

𝑢𝑢 ≈ (1 − 𝑘𝑘)

𝑐𝑐 2 1
+ 𝑤𝑤.
𝑤𝑤 2

(6.19)

6.5. Let’s recall that all previous based on Lorentz transformations calculations are SRT consequence. Now let’s find out what
results in considered problem RRT leads to.
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Obviously (see formulas (5.1)) that time variables 𝑡𝑡, 𝑡𝑡 ′ , 𝑡𝑡′′
transformations, adopted in this theory, immediately lead to equities (9)
and (14), and hence, to relations (10) and (15). Hence, here real relativity
theory leads to the same expression for 𝑑𝑑𝑡𝑡1 /𝑑𝑑𝑡𝑡2 and 𝑑𝑑𝑡𝑡1′ /𝑑𝑑𝑡𝑡2′′, as SRT.
However, as soon as we go to speeds υ, 𝑤𝑤 from speeds υ, 𝑢𝑢 in these
expressions, RRT formulas start to differ from results, based on SRT. The
reason for this discrepancy are obvious, and the reason is the difference
between SRT speed addition formula (11) and corresponding RRT
′
formula (3.8), which in this section symbols (𝑢𝑢𝑥𝑥 → 𝑢𝑢, 𝑢𝑢𝑥𝑥′
→ 𝑤𝑤 ) takes the
shape:
𝑢𝑢 = υ + 𝑤𝑤 �1 −

υ2
.
𝑐𝑐 2

(6.20)

As a result, for ratios 𝑑𝑑𝑡𝑡1 /𝑑𝑑𝑡𝑡2 = 𝑑𝑑𝑡𝑡1′ /𝑑𝑑𝑡𝑡2′′ ≝ 𝑘𝑘 we now obtain instead
of (12) and (16) the following expression:
𝑘𝑘 =

𝑑𝑑𝑡𝑡1
𝑑𝑑𝑡𝑡1′
𝑤𝑤
2υ
⎞.
= ′′ = �1 − 2 ⎛𝑤𝑤 +
2
𝑑𝑑𝑡𝑡2 𝑑𝑑𝑡𝑡2
𝑐𝑐
υ
�1 − 2
⎝
𝑐𝑐 ⎠

(6.21)

If υ/𝑐𝑐 ≪ 1, 𝑤𝑤/𝑐𝑐 ≪ 1, then up to smallness fourth order terms,
1
𝑑𝑑𝑡𝑡1
𝑑𝑑𝑡𝑡1′
1
1
𝑘𝑘 =
= ′′ ≈ 1 − 2 𝑤𝑤(𝑤𝑤 + 2υ) − 4 �υ𝑤𝑤(υ2 + υ𝑤𝑤 + 𝑤𝑤 2 ) + 𝑤𝑤 4 � (6.22)
𝑑𝑑𝑡𝑡2 𝑑𝑑𝑡𝑡2
4
2𝑐𝑐
2𝑐𝑐

As we see this expression is different from similar SRT formula (13)
by namely fourth order smallness terms.
6.6. Assuming, as in section 6.4, that reference systems 𝑲𝑲′ and 𝑲𝑲′′
observers know (measured) values 𝑘𝑘 and 𝑤𝑤, wherein 𝑘𝑘 ≠ 1, 𝑤𝑤 ≠ 0, then
based on equities (21) and (20), it is easy to calculate these IRF speeds υ
and 𝑢𝑢 relatively IRF 𝑲𝑲:
where

υ = �(1 − 𝑘𝑘 2 ) −

𝑤𝑤 2 𝑐𝑐
�
,
𝑐𝑐 2 𝑞𝑞𝑅𝑅

𝑢𝑢 = �(1 − 𝑘𝑘 2 ) +

𝑞𝑞𝑅𝑅 = ��(1 − 𝑘𝑘 2 ) +

2

𝑤𝑤 2
𝑤𝑤 2
� +4 2 .
2
𝑐𝑐
𝑐𝑐

𝑤𝑤 2 𝑐𝑐
�
,
𝑐𝑐 2 𝑞𝑞𝑅𝑅

(6.23)

(6.24)

RRT expressions (21)/ (23) structure is simpler, than based on SRT
similar in physical sense equations (16)/ (17) structure. However it is much
more significantly that formulas (23) for velocity υ and 𝑢𝑢 have certain
symmetry, differing from each other only in sign before the second term in
square brackets. This symmetry was expected since reference frames 𝑲𝑲′ and
𝑲𝑲′′ are in identical physical conditions relatively to IRF 𝑲𝑲. At the same time
similar symmetry in based on SRT formulas (17), surprisingly, is absent,
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although namely these formulas should possess such symmetry, but not
relevant RRT expressions. Such symmetry existence, in author's opinion,
is fundamentally important, and its presence in formulas (23) may be
considered not only as certain RRT advantage over SRT, but also as
indication that from physical point of view, namely, RRT (and its velocities
addition law) is more adequately reflects true nature laws.
Nevertheless it should be noted that expressions (17) symmetry
breaking becomes substantial only for υ/𝑐𝑐/𝑤𝑤/𝑐𝑐 values not very small,
compared to unity. If however inequalities υ/𝑐𝑐 ≪ 1, 𝑤𝑤/𝑐𝑐 ≪ 1, |1 − 𝑘𝑘| ≪ 1
take place, but 𝑤𝑤 ≠ 0, then up to smallness second order terms, inclusive,
both RRT relations (23), (24) and SRT formulas (17), (18) lead to the same
approximate expressions (19), having above symmetry.
So on example of considered here problem about three reference
frames, moving relatively each other, we made sure that
the same problem (where there are, at least three bodies (or reference frames),
moving relatively each other) solution within SRT and RRT leads, generally
speaking, to different results. This difference is consequence of difference in
SRT/RRT speeds addition laws. It is practically invisible at relative reference
frames/bodies slowly motion (when it is possible to limit yourself to not more
than second-order smallness terms account under calculations). But this
difference is growing under growth and approaching light speed of these speeds.
Similar there is no quantitative difference in SRT/RRT application at
reference frames /bodies relative motion small speeds, but this difference is
growing as these speeds increase.
Therefore, it is hardly possible to discover such a difference in experience
at present.

7. Sagnac effect from RRT viewpoint. Twin paradox
absence in RRT.
7.1. To illustrate relations (5.2)–(5.4) application let’s give several
simple, often discussed in connection with SRT conclusions.
As first example let’s consider Sagnac effect explanation [86–88] from
RRT viewpoint. Recall that this effect is manifested as times differences,
spent by light to travel circled closed path around rotational body (e.g., ring,
disc or ball) in cases, when light propagation direction coincides with given
body rotation direction and when it is opposite to this direction [89].
So let’s assume that thin ring with radius 𝑅𝑅 rotates relatively to IRF 𝐊𝐊 0
with angular velocity Ω. Let’s mirrors system is installed and fixed on this
ring so that light, emitted by source, which is located at ring edge at point 𝑆𝑆,
reflecting from these mirrors, moved around ring along trajectory, that
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slightly differs from circular. Then short light pulse, propagating in ring
rotation direction, will approach original point 𝑆𝑆 in time (in IRF 𝐊𝐊 0
clock) Δ𝑡𝑡1. During this time ring point 𝑆𝑆 travels distance Δ1 = Ω𝑅𝑅Δ𝑡𝑡1 and
given light pulse, moving with speed 𝑐𝑐, travels distance
𝑠𝑠1 = 2π𝑅𝑅 + Δ1 = 2π𝑅𝑅 + Ω𝑅𝑅Δ𝑡𝑡1 = 𝑐𝑐Δ𝑡𝑡1 . From here
Δ𝑡𝑡1 =

2π𝑅𝑅
.
𝑐𝑐 − Ω𝑅𝑅

(7.1)

Another light pulse, propagating in opposite direction, will approach
original point 𝑆𝑆 in time (as well in IRF 𝐊𝐊 0 clock) Δ𝑡𝑡2 . During this time ring
point 𝑆𝑆 travels distance Δ2 = Ω𝑅𝑅Δ𝑡𝑡2 and given light pulse, moving with
speed 𝑐𝑐, travels distance 𝑠𝑠1 = 2π𝑅𝑅 − Δ2 = 2π𝑅𝑅 − Ω𝑅𝑅Δ𝑡𝑡2 = 𝑐𝑐Δ𝑡𝑡2 . From here
Δ𝑡𝑡2 =

2π𝑅𝑅
< Δ𝑡𝑡1 .
𝑐𝑐 + Ω𝑅𝑅
clock IRF 𝐊𝐊 0

(7.2)

4πΩ𝑅𝑅2
.
− Ω2 𝑅𝑅2

(7.3)

Consequently, according
readings, light pulse,
propagating in direction, opposite to ring rotation direction, will ahead pulse,
propagating in ring rotation direction, on time gap Δ𝑡𝑡 = Δ𝑡𝑡1 − Δ𝑡𝑡2 , equal to
Δ𝑡𝑡 =

𝑐𝑐 2

However according to time R- transformations (2.1), clock, located at
rotating ring edge at point 𝑆𝑆 and moving with speed υ = Ω𝑅𝑅 relatively to IRF
𝐊𝐊 0 , will show return time gaps difference Δ𝑡𝑡′, which is less than Δ𝑡𝑡 . It is seen
from expression
Δ𝑡𝑡′ = �1 −

Ω2 𝑅𝑅2
4πΩ𝑅𝑅2
4πΩ𝑅𝑅2
� 2
�=
.
2
2
2
𝑐𝑐
𝑐𝑐 − Ω 𝑅𝑅
𝑐𝑐√𝑐𝑐 2 − Ω2 𝑅𝑅2

(7.4)

This result coincides exactly with relevant SRT formula [89].
Formula (4) has been confirmed in various experiments including
those with GPS satellites use (see e.g. [90]).
Let’s assume that there is isotropic geocentric non-rotating reference frame
with axes, directed to two distant «stationary» stars, and two light pulses,
simultaneously emitted from the same point, are propagating, for example,
along Earth equator. Moreover one of these is moving to East and
another one is moving to West. Then, as follows from (4) under 𝑅𝑅 =
6,38 ∙ 106 m, Ω = 7,29 ∙ 10−5 𝑠𝑠 −1 , first pulse will return to original point on
Δ𝑡𝑡 ′ ≈ 4,13 ∙ 10−7 s later, than the second one.
In case, when ring points linear speed is relatively small, so that Ω𝑅𝑅 ≪
𝑐𝑐 , then
Δ𝑡𝑡 ′ ≈

4π𝑅𝑅 Ω𝑅𝑅
1 Ω𝑅𝑅 2
� � �1 − � � �.
𝑐𝑐
𝑐𝑐
2 𝑐𝑐

(7.5)

Second term in square brackets represents relativistic correction to
classical expression, which is common factor before square bracket and is
first order smallness value, while relativistic correction is third order
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smallness value. Third order smallness values are extremely difficult to
discover in experience.
Now assume that considered ring not only rotates relatively to IRF
𝐊𝐊 0 with angle speed Ω, but also moves forward relatively to this IRF with
velocity υ�⃗0 . For simplicity let’s consider that vector υ�⃗0 is perpendicular to
ring plane. Then light pulse, propagating along ring in its rotation direction,
will return to original point 𝑆𝑆 in time gap Δ𝑡𝑡10 , traveling distance
𝑠𝑠10 = �(2π𝑅𝑅 + Ω𝑅𝑅Δ𝑡𝑡10 )2 + υ20 (Δ𝑡𝑡10 )2 = 𝑐𝑐Δ𝑡𝑡10,
(7.6)
light pulse, propagating along ring against its rotation direction, will return
to original point in time gap Δ𝑡𝑡20 , traveling distance
𝑠𝑠20 = �(2π𝑅𝑅 − Ω𝑅𝑅Δ𝑡𝑡10 )2 + υ20 (Δ𝑡𝑡20 )2 = 𝑐𝑐Δ𝑡𝑡20.
(7.7)
From these equalities we find Δ𝑡𝑡10 and Δ𝑡𝑡20 :
Δ𝑡𝑡10 =

2π𝑅𝑅

�𝑐𝑐 2 − υ20 − Ω𝑅𝑅

,

2π𝑅𝑅

Δ𝑡𝑡20 =

.
(7.8)
�𝑐𝑐 2 − υ20 + Ω𝑅𝑅
difference Δ𝑡𝑡0 = Δ𝑡𝑡10 − Δ𝑡𝑡20 (in

This implies that this time gaps
isotropic IRF 𝐊𝐊 0 clock readings) is equal to
Δ𝑡𝑡0 =

4πΩ𝑅𝑅2
.
𝑐𝑐 2 − (υ20 + Ω2 𝑅𝑅2 )

(7.9)

Then laboratory IRF 𝐊𝐊′ clock, located at translational/rotating ring
point 𝑆𝑆, will show light pulses arrival times to this point difference
Δ𝑡𝑡0′ =

4πΩ𝑅𝑅2

𝑐𝑐�𝑐𝑐 2 − (υ20 + Ω2 𝑅𝑅2 )

If (υ20 + Ω2 𝑅𝑅2 )/𝑐𝑐 2 ≪ 1, then
Δ𝑡𝑡0′ ≈

.

4π𝑅𝑅 Ω𝑅𝑅
υ20 + Ω2 𝑅𝑅2
� � �1 −
�,
2𝑐𝑐 2
𝑐𝑐
𝑐𝑐

(7.10)

(7.11)

i.e., as before, relativistic correction is third order smallness value.
7.2. Now rewrite expression (4) in a different way, expressing its
right side via rotation angular speed Ω′ and distance 𝐿𝐿′ = 𝐿𝐿 = 2π𝑅𝑅 , measured
in laboratory reference frame 𝐊𝐊′. Since Ω = 2π/𝑇𝑇 and Ω′ = 2π/𝑇𝑇′, where 𝑇𝑇
and 𝑇𝑇 are ring rotation periods, linked, according RRT, by relation (2.10),
then
Ω=

Ω′

2

�1 + �𝐿𝐿′Ω′�
2π𝑐𝑐

.

(7.12)

Substituting expressions (11) and 𝑅𝑅 = 𝐿𝐿′ /2π in formula (4) and
performing simple transformations we get
Δ𝑡𝑡 ′ =

Ω′ 𝐿𝐿′2
π𝑐𝑐 2

.

(7.13)

Expressing 𝐿𝐿 via proper ring radius we get pure classical formula:
′
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4πΩ′𝑅𝑅′
,
𝑐𝑐 2

(7.14)

which is different from (4) by replacing unprimed values to primed values
(i.e. measured in laboratory reference frame) and lack of factor
(1 − (Ω𝑅𝑅/𝑐𝑐)2 )−1/2 .
Formula (14) implies two important consequences.
First, times difference Δ𝑡𝑡 ′ (or respective to it oncoming light waves
phases shift in interferometry experiments) doesn’t depend on rotating ring
translational motion speed relatively to isotropic reference frame. It means,
that such speed measurement experiments, based on Sagnac effect, are
doomed to failure.
Second, equation (14) allows, in principle, measuring time delay Δ𝑡𝑡 ′
in rotating together with ring laboratory reference frame, to find light speed
relatively to isotropic reference frame:
πΩ′
Ω′
𝑐𝑐 = 2𝑅𝑅′� ′ ≈ 3,5449077 ∙ 𝑅𝑅′� ′ .
Δ𝑡𝑡
Δ𝑡𝑡

(7.15)

Certainly, from practical viewpoint given light speed с measurement
method, apparently, is not very promising, since acceptable light speed
value c accuracy achieving will require very precise measurement of
quantities 𝑅𝑅′, Ω′ and Δ𝑡𝑡 ′. However formula (15) importance is different,
namely, it shows value 𝑐𝑐 measurement principled opportunity in laboratory
conditions and it indicates one of such measurement possible techniques
(after all science history testifies that, if one any statement proof way is
found , then, sooner or later, there will be found and others, different from
the first one, its proof ways).
7.3. Following example can be considered as Sagnac effect
manifestation special option (or as its extended interpretation, referring to
material bodies motion). This is about times difference, spent by not light,
but by macroscopic material bodies (e.g., clock). These bodies have the same
speeds relatively not to isotropic IRF (as in before considered example), but
relatively to rotating ring. Let’s find time gaps for material body closed path
along circle trajectory in two cases: first, when body motion direction
coincides with given ring rotation direction and second, when body motion
direction is opposite to ring rotation direction [89].
So it is assumed in this case, that clock 𝑇𝑇1′′ /𝑇𝑇2′′ speed 𝑢𝑢′ is
constant and the same, under motion in both directions relatively to
laboratory, rotating together with ring.
Let 𝑅𝑅′ is proper (in rotating reference frame 𝐊𝐊′) clock 𝑇𝑇1′′ /𝑇𝑇2′′
circle trajectory radius. It has been explained in previous paragraph that if
this trajectory radius from isotropic IRF 𝐊𝐊 0 viewpoint is equal to R, then
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distance, traveled by each clock along rotating ring, is equal to 2π𝑅𝑅 . And as
clock 𝑇𝑇1′′ and 𝑇𝑇2′′ have, by condition, the same speed 𝑢𝑢′ relatively
to laboratory, rotating together with ring, then according to this laboratory
clock 𝑇𝑇0′ readings each of moving clock will spend on their way from the
ring point 𝑆𝑆 and back to the same point the same time gap Δ𝑡𝑡0′ = 2π𝑅𝑅/𝑢𝑢′.
However, as it follows from relationships (3.6) and (3.7) under ϑ′𝑢𝑢′ =
0 for clock 𝑇𝑇1′′ , moving in ring rotation direction (when 𝑢𝑢
�⃗′ ↑↑ �υ⃗), and under
ϑ′𝑢𝑢′ = π for clock 𝑇𝑇2′′ , moving in opposite direction (when 𝑢𝑢
�⃗′ ↑↓ υ
�⃗), and
from equality (2.9) and formula υ = Ω𝑅𝑅 , where Ω is ring rotation angular
speed relatively to IRF 𝐊𝐊 0 , clock 𝑇𝑇1′′ /𝑇𝑇2′′ 𝑢𝑢1 /𝑢𝑢2 velocities modulus appear
different, namely:
for clock 𝑇𝑇1′′ and

𝑢𝑢1 = Ω𝑅𝑅 + �1 −

Ω2 𝑅𝑅2 ′
𝑢𝑢
𝑐𝑐 2

(7.16)

𝑢𝑢2 = �Ω𝑅𝑅 − �1 −

Ω2 𝑅𝑅2 ′
𝑢𝑢 �
𝑐𝑐 2

(7.17)

for clock 𝑇𝑇2′′ .
Then according to relationship (5.2) time gaps, spent by clock 𝑇𝑇1′′
and 𝑇𝑇2′′ on around ring revolution completion (in its readings), will be
expressed by formulas
𝑢𝑢′2
2π𝑅𝑅
2Ω𝑅𝑅𝑢𝑢′
𝑐𝑐 2 − 𝑢𝑢12
�1
−
Δ𝑡𝑡1′′ = Δ𝑡𝑡0′ � 2
=
−
< Δ𝑡𝑡0′ ,
𝑐𝑐 − Ω2 𝑅𝑅2
𝑐𝑐 2 𝑐𝑐√𝑐𝑐 2 − Ω2 𝑅𝑅2
𝑢𝑢′

𝑢𝑢′2
2π𝑅𝑅
2Ω𝑅𝑅𝑢𝑢′
𝑐𝑐 2 − 𝑢𝑢22
Δ𝑡𝑡2′′ = Δ𝑡𝑡0′ � 2
= ′ �1 − 2 +
> Δ𝑡𝑡1′′
2
2
𝑐𝑐 − Ω 𝑅𝑅
𝑐𝑐
𝑢𝑢
𝑐𝑐√𝑐𝑐 2 − Ω2 𝑅𝑅2

(7.18)
(7.19)

for clock 𝑇𝑇′′1 and 𝑇𝑇2′′ accordingly.
Notice that formulas (18) and (19) can be derived in another
(mathematically more long, but physically more clearer) way. Let’s
consider this way.
From isotropic IRF 𝐊𝐊 0 viewpoint clock 𝑇𝑇1′′ , moving in ring rotation
direction, are forced to catch up with a runaway original point 𝑆𝑆 at the end
of its path, by making extra to 2π𝑅𝑅 way Δ𝑠𝑠1 = υΔ𝑡𝑡1 = Ω𝑅𝑅Δ𝑡𝑡1 (where Δ𝑡𝑡1 is
these clock motion total time in isotropic IRF clock 𝑇𝑇 readings,
so that 2π𝑅𝑅 + Ω𝑅𝑅Δ𝑡𝑡1 = 𝑢𝑢1 Δ𝑡𝑡1 . From here
Δ𝑡𝑡1 =

2π𝑅𝑅
.
𝑢𝑢1 − Ω𝑅𝑅

(7.20)

Clock 𝑇𝑇2′′ at the end its way, on the contrary, are moving towards point
𝑆𝑆 and therefore its way 2π𝑅𝑅 from isotropic IRF 𝐊𝐊 0 viewpoint appears less
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by Δ𝑠𝑠2 = υΔ𝑡𝑡2 = Ω𝑅𝑅Δ𝑡𝑡2 (where Δ𝑡𝑡2 is this clock motion time in 𝐊𝐊 0 ), so that
2π𝑅𝑅 − Ω𝑅𝑅Δ𝑡𝑡2 = 𝑢𝑢2 Δ𝑡𝑡2 . From here
Δ𝑡𝑡2 =

2π𝑅𝑅
.
𝑢𝑢2 + Ω𝑅𝑅

(7.21)

According to time R-transformation (2.1) isotropic IRF clock
readings Δ𝑡𝑡1 and Δ𝑡𝑡2 are associated with clock 𝑇𝑇1′′ / 𝑇𝑇2′′ readings Δ𝑡𝑡1′′ / Δ𝑡𝑡2′′ by
relationships (taking into account equalities (20) and (21)):
Δ𝑡𝑡1′′ = Δ𝑡𝑡1 �1 −

Δ𝑡𝑡2′′ = Δ𝑡𝑡2 �1 −

𝑢𝑢12 2π𝑅𝑅 �𝑐𝑐 2 − 𝑢𝑢12
=
,
𝑐𝑐 2
𝑐𝑐 (𝑢𝑢1 − Ω𝑅𝑅)

(7.22)

𝑢𝑢22 2π𝑅𝑅 �𝑐𝑐 2 − 𝑢𝑢22
=
.
𝑐𝑐 2
𝑐𝑐 (𝑢𝑢2 + Ω𝑅𝑅)

( 7.23)

Ω2 𝑅𝑅2 ′
𝑢𝑢 .
𝑐𝑐 2

(7.24)

But, as follows from formulas (16), (17),

𝑢𝑢1 − Ω𝑅𝑅 = 𝑢𝑢2 + Ω𝑅𝑅 = �1 −

Substituting these values into formulas (22), (23), after simple
transformation we come to (18) and (19).
These expressions implies that clock, moving to ring rotation
direction, will show time, which is less than time of clock, moving in
opposite direction, and as well less, than laboratory stationary clock on
ring.
If Ω𝑅𝑅/𝑐𝑐 ≪ 1, 𝑢𝑢′ /𝑐𝑐 ≪ 1, then, taking into account relations (12) and
with accuracy up to third order smallness terms, inclusive,
′

2π𝑅𝑅
𝑢𝑢′2 Ω𝑅𝑅𝑢𝑢′
2π𝑅𝑅′
𝑢𝑢′2 Ω′ 𝑅𝑅′𝑢𝑢
�1
−
−
�
≈
�1
−
−
�,
(7.25)
2𝑐𝑐 2
𝑐𝑐 2
𝑢𝑢′
2𝑐𝑐 2
𝑐𝑐 2
𝑢𝑢′
′
2π𝑅𝑅
𝑢𝑢′2 Ω𝑅𝑅𝑢𝑢′
2π𝑅𝑅′
𝑢𝑢′2 Ω′ 𝑅𝑅′𝑢𝑢
Δ𝑡𝑡2′′ ≈ ′ �1 − 2 + 2 � ≈ ′ �1 − 2 +
�.
(7.26)
2𝑐𝑐
𝑐𝑐
𝑢𝑢
2𝑐𝑐
𝑐𝑐 2
𝑢𝑢
′′
′′
Consequently clock 𝑇𝑇1′′ /𝑇𝑇2′′ readings differences δ𝑡𝑡1,2
= Δ𝑡𝑡1,2
− Δ𝑡𝑡0′
laboratory clock 𝑇𝑇0′ readings constitute, respectively,
2π𝑅𝑅′
1
δ𝑡𝑡1′′ ≈ − 2 �Ω′ 𝑅𝑅′ + 𝑢𝑢′ �,
(7.27)
𝑐𝑐
2
′
2π𝑅𝑅
1
δ𝑡𝑡2′′ ≈ 2 �Ω′ 𝑅𝑅′ − 𝑢𝑢′ �.
(7.28)
𝑐𝑐
2
Δ𝑡𝑡1′′ ≈

with

Thus clock, moving in ring rotation direction will always lag behind
laboratory clock, and clock, moving in opposite direction, will also lag
behind laboratory clock, if its speed relatively to laboratory 𝑢𝑢′ > 2Ω′𝑅𝑅′,
but will always rush compared with these, if 𝑢𝑢′ < 2Ω′𝑅𝑅′.
If, for example, 𝑅𝑅′ = 𝑅𝑅З = 6,38 ∙ 106 m, Ω′ = ΩЗ = 7,29 ∙ 10−5 𝑠𝑠−1 , 𝑢𝑢′ =
2,50 ∙ 102 m/s, then δ𝑡𝑡1′′ ≈ −2,63 ∙ 10−7 s, δ𝑡𝑡2′′ ≈ 1,51 ∙ 10−7 s.
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7.4. If to assume now, as in paragraph 6.1, that considered ring not
only rotates relatively to isotropic reference frame 𝐊𝐊 0 with angular speed Ω
, but moves as well relatively to this IRF forward with velocity υ�⃗0 ,
perpendicular to ring plane (this assumption allows us to significantly
simplify calculations), then, as may be shown, formulas (18), (19) for time
gaps, spent by clock 𝑇𝑇′′1 and 𝑇𝑇2′′ (in its readings) on making full turn around
ring, should be replaced by expressions
Δ𝑡𝑡1′′ =
Δ𝑡𝑡1′′ =

υ20 +Ω2 𝑅𝑅2
2π𝑅𝑅
𝑢𝑢′
𝑢𝑢′2
�1 −
�
−
2
,
𝑐𝑐 2
𝑐𝑐 𝑐𝑐 2 − (υ20 +Ω2 𝑅𝑅2 )
𝑢𝑢′

υ20 +Ω′2 𝑅𝑅2
2π𝑅𝑅
𝑢𝑢′
𝑢𝑢′2
�1 −
�
+
2
.
𝑐𝑐 2
𝑐𝑐 𝑐𝑐 2 − (υ20 +Ω′2 𝑅𝑅2 )
𝑢𝑢′

(7.29)
(7.30)

Under conditions υ0 /𝑐𝑐 ≪ 1, Ω𝑅𝑅/𝑐𝑐 ≪ 1, 𝑢𝑢′ /𝑐𝑐 ≪ 1 with accuracy up to
smallness third order terms, inclusive,

2π𝑅𝑅′
1
��υ20 +Ω′2 𝑅𝑅′2 + 𝑢𝑢′ �,
(7.31)
𝑐𝑐 2
2
2π𝑅𝑅′
1
δ𝑡𝑡2′′ ≈ 2 ��υ20 +Ω2 ′𝑅𝑅′2 − 𝑢𝑢′ �.
(7.32)
𝑐𝑐
2
If υ0 = 4,00 ∙ 105 m/s, 𝑢𝑢′ = 2,50 ∙ 102 m/s, 𝑅𝑅′ = 6,38 ∙ 106 m, Ω′ = 7,29 ∙
10−5 𝑠𝑠 −1 ,then υ20 ≫ Ω′2 𝑅𝑅′2 and υ0 ≫ 𝑢𝑢′ , and with great accuracy
δ𝑡𝑡1′′ ≈ −δ𝑡𝑡2′′ ≈ −2π𝑅𝑅′υ0 /𝑐𝑐 2 ≈ −1,8 ∙ 10−5 s.
(7.33)
δ𝑡𝑡1′′ ≈ −

7.5. Finally, let’s consider one more example, which leads in SRT to
so called twins paradox. Let’s assume, that one of twins stays in laboratory
and the other one is taking a trip in spaceship, flying in straight line at
constant speed 𝑢𝑢′ relatively to laboratory (we neglect with small ship
acceleration/breaking time periods) first in vector υ�⃗ direction and then in
opposite direction. Let Δ𝑡𝑡′ is all trip duration time gap, measured on
laboratory clock 𝑇𝑇 ′ readings. Then, as it is possible similarly to formulas (18),
(19) derivation to find that this trip duration time gap, measured on
spaceship clock 𝑇𝑇′′ readings, is equal to
1
𝑢𝑢′2
2𝑢𝑢′ υ
𝑢𝑢′2
2𝑢𝑢′ υ
Δ𝑡𝑡 ′′ = Δ𝑡𝑡′ ��1 − 2 −
+ �1 − 2 +
�.
𝑐𝑐
𝑐𝑐
2
𝑐𝑐√𝑐𝑐 2 − υ2
𝑐𝑐√𝑐𝑐 2 − υ2

(7.34)

Unfortunately this expression is too complicated in order to find
criteria, under implementation of which there will be valid inequality Δ𝑡𝑡 ′′ >
Δ𝑡𝑡′. But if υ/𝑐𝑐 ≪ 1, 𝑢𝑢′ /𝑐𝑐 ≪ 1, then with accuracy up to second order
smallness terms, inclusive,
Δ𝑡𝑡 ′′ ≈ �1 −

𝑢𝑢′2
� Δ𝑡𝑡 ′ .
2𝑐𝑐 2
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E.g. in this approximation ratio Δ𝑡𝑡 ′′ /Δ𝑡𝑡 ′ doesn’t depend on
laboratory speed υ under any, but small compared to 𝑐𝑐, spacecraft relative
velocity value 𝑢𝑢′ and this spaceship clock will show less flight duration,
than laboratory clock: Δ𝑡𝑡 ′′ < Δ𝑡𝑡 ′ . But in any case ratio between
laboratory/spaceship clock readings will be single-valued and not
depending on which of these clock is considered conditionally
stationary and which of these clock is considered conditionally moving.
Thus, twins paradox (also called as clock paradox), existing, according to
many, in special relativity theory and led to lively/lengthy debates (see [91–
94] and links, given there), is missing in real relativistic theory.
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Specificity of anomalous radiation is explained from the point of
view of the non-electromagnetic theory of light, according to
which the luminiferous medium is unobservable (non-baryonic)
matter, which is the main component of the universe. Proceeding
from the possibility of studying its properties on the basis of
observations of baryon (visible) matter as a product of its
condensation, the most important properties of this matter and
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these properties are revealed. It is shown that because of the
instability of the stationary state of non-baryonic matter, spherical
density waves arise in it, leading to the formation of elements of
baryonic matter and to the appearance of traveling waves that
make the latter visible. Proceeding from the principle of
equivalence of mass and energy, an estimate of their energy is given
and the unity of the laws of radiant energy exchange with other its
forms is established. Some resemblance of non-baryonic matter
with ether is noted and the possibility of a consistent explanation
of the specificity of anomalous radiations with respect to the
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the advanced non-electromagnetic concept of light is presented.
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1. Introduction.

The history of the formation of views on the nature of light can in
no way be considered completed [1]. Even before the recognition of the
electromagnetic theory of light, Maxwell discovered the existence of a
number of radiations that did not fit into the "Procrustean bed" of his
theory. They include "animal magnetism" by F. Messmer [2], "radiant
electricity" by N. Tesla [3], "radiant forces" by N. Myshkin [4]; "Nradiation" by M. Blondlo [5], "Z-rays" by A. Chizhevsky [6]; A. Gurvich's
"mitogenetic radiation" [7], "Veinik's chronal radiation" [8], "Rigan's
orgonic radiation" [9], "radiosteetic radiation" by J. Peugeot [10], "X agent
X. Moriam [11], "superweak radiations" by V. Kaznacheyev [12], "Psifields and radiation" by A. Dubrov and V. Pushkin [13], "spin-momentum
fields and forces" A. Akimov, H. Shipov and de Sabbath [14-16], the "wave
genome" of P. Garyaev [17], the "gas discharge aura" of V. Korotkov [18],
the "strange radiation" of L. Urutskoyev [19], the "nonphysical
component" of laser radiation V. Kvartalnova and N. Perevozchikova [20],
etc.
Many researchers were puzzled by the anomalous sensitivity to them
of bioorganisms, orders of magnitude greater than the response to
electromagnetic radiation (EMR), their connection with extrasensorybiophysical effects, chirality (the difference between dextrorotatory and
left-handed polarization), both positive and negative effects on biological
objects, and a long aftereffect (gradually disappearing changes), their ability
to penetrate screens, "opaque" for EMR, a similarity to extrasensorybiophysical influence, "targeting" effects, etc. None of the hypotheses put
forward to date can satisfactorily explain all the specific properties of the
long-range events under discussion, which indicates a serious gap in
modern natural science.
An unexpected hint came only recently from astrophysicists who
discovered at the turn of the 20th and 21st centuries that only less than 5%
of the mass of the entire universe is visible (radiating), and the rest is not
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involved in electromagnetic interactions [21-24] and possesses only
gravitational energy. This forces us to reconsider the electromagnetic
theory of light, if only because the universe does not have a place not only
for the electromagnetic field, but also for any other carriers of light that
claim materiality (ether, photon gas, physical vacuum, strings,
quintessence, P.). This circumstance testifies to the fact that the role of the
carrier of radiations is fulfilled by the very non-baryonic matter that makes
up the "hidden mass" of the Universe and consists of "dark matter" and
"dark energy", named so because of the lack of knowledge of their
properties.
These discoveries in the field of astronomy prompted us to
reconsider the electromagnetic concept of light, in which a number of
internal and external contradictions were already revealed [25]. Some steps
in this direction are considered in this review.

2. Why is the transformation of non-baryonic
matter into baryon matter?

It is known that the average density of the intergalactic medium
averages ~ 10-27 g/cm3 and is distributed unevenly in space. The reason for
this disequilibrium is gravity, which leads to a spontaneous redistribution
of the density of non-baryonic matter. To see this, we represent Newton's
law of gravitation in the form
g = GM/R2,
(1)
expressing the acceleration g with the mass of the "field-forming" body M
and the distance from it to the "test" body R with the gravitational potential
ψg [26]. Since in the continuous medium the concepts of the "fieldforming" and "trial" masses lose their meaning, we will consider as the last
sufficiently small "test sphere" with a constant (unit) volume V o , mass M
= V о ρ and radius R o , on the surface of which the potential ψ g has
everywhere The value of ψ go = - (GV о ρ/R о ). Then the acceleration g not
of the surface of such a sphere as a negative gradient of this potential will
be expressed by the relation:
g = -∇ψ gо = (GV о /R о )∇ρ = ψ gо ∇ρ/ρ.
(2)
This expression is a modified Newton's law for continuous media, in
which the gravitational acceleration g is expressed as a function of the
relative density gradient of a non-baryonic substance and the "trial"
potential ψg0 on the surface of a sphere of unit volume. It follows from
expression (2) that the acceleration g in the gravitational field is
proportional to the density gradient ∇ρ in the region of space where this
"test" sphere is located, and is directed toward increasing the density. This
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means that if a density gradient of non-baryonic matter arises
spontaneously in any area of space, then the effect of gravitational forces
will be directed to a further increase in this gradient, i.e. on the
enhancement of spatial heterogeneity in it. Such an instability of a
homogeneous state is by no means characteristic of an ordinary substance
for which the approximation of the system to internal equilibrium means
the disappearance of the gradients of any potentials in it. This unique
feature of non-baryonic matter leads to the appearance of compaction
zones in it, which then become "centers of condensation" and the
formation of baryonic matter with distinct boundaries and shape.

Fig.1. Half-wave as a dipole

3. Why is the process of wave formation inevitable in the
intergalactic medium?
The first spontaneous process arising in non-baryonic matter due to
the instability of a homogeneous state is the formation of standing waves
of density ρ in it [27]. In the inevitability of their occurrence, it is easiest to
verify with the example of isolated systems of the Universe type as a whole
on the basis of the law of conservation of the mass M. In expressing the
mass M in the form of the integral M = ∫ρdV from its density ρ,
dМ/dt = ∫(dρ/dt)dV = 0.
(3)
It immediately follows that an increase in the density ρ in one region
of space is invariably accompanied by a decrease in ρ in its other region; as
it happens in a wave, if only some processes that change the local density
(dρ/dt ≠ 0) occur in it. This deviation of the density in both directions from
the mean value is characteristic of the wave formation process, which is
illustrated in Fig.1. It shows for simplicity only one half-wave of the density
of a non-baryonic substance. It follows from the figure that the deviation
of the local density ρ from its mean value in the half-wave is accompanied
by the transfer of the center of its mass M from the position of r во to the
position of r в , i.e. its displacement by a distance Δr g = r в - r во , equal, as is
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known, to a quarter of the wavelength λ. This displacement acquires the
opposite sign in the next half-cycle of oscillation, as a result of which an
oscillatory motion of the non-baryonic substance arises, in which the
quantity Δr g changes its sign, leaving, however, the position of the node r
unchanged. Thus, the wave formed is standing. It also follows from Fig. 1
that the formation of a density wave entails the emergence of a gradient of
the potential energy U(M)and the appearance of a force F = - (∂U/∂r),
which in this case is of a gravitational nature (F = F g ). Thus, any wave is a
dipole from a pair of oppositely directed forces F whose magnitude is
proportional to the "steepness" of the wave front, and the direction is
shown in Fig. 1 by an arrow. The presence of such pairs of forces explains
the tendency of the wave to occupy all the space provided to it and
indicates the strength character of the interaction of non-baryonic matter
with the baryonic substance formed from it.
It is easy to calculate the vibrational energy of such a wave. Since the
displacement by a distance |Δr g | is carried out during the half-period of
the oscillation, the inverse, then at a frequency ν its average displacement
velocity is c в = ν Δr g = νλ, where c is the propagation velocity of
perturbations in non-baryonic matter, taken equal to the speed of light. It
follows that the average kinetic energy of the wave is U k = М в c в 2 (J), and
its density is εk = ρc в 2 (J/m3). If we take the displacement |Δr в | as the
amplitude A of the resulting longitudinal wave, we arrive at the known
expression for the energy density of the wave [28]:
εk = ρA2ν2/2, (Дж/м3),
(4)
However, this part is easily convertible to any other form of energy,
which makes the gravitational energy of the universe capable of
performing useful work even with the unchanged position of celestial
bodies. Therefore, it is the occurrence of auto-oscillations in the nonbaryonic energy that opens the possibility of the transformation of a nonbaryonic (unstructured) substance into a baryonic one.

4. How does structuring of baryonic matter
occur?

The process of formation of baryonic (structured) matter consisting
of protons, neutrons, electrons, quarks, etc., from non-baryonic matter, is
much easier to understand if we adhere to the wave theory of the structure
of matter [29]. This theory proceeds from the belief that "in nature there
are waves and only waves: closed waves, which we call matter, and nonclosed waves, which we call radiation or light" [30], but "what we take for
particles is in fact, waves "[31]. The process of wave formation in nonbaryonic matter best fits into this concept, directly pointing to the
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"mechanism" for the appearance of such waves. Their simplest form is the
spherical waves that arise around the "condensation centers" of nonbaryonic matter. Naturally, there can be many such centers, so that the
emerging spherical waves are limited in their expansion by
counterpropagating waves. Reflection from these obstacles and causes
their transformation into standing waves. Since the total kinetic energy of
these waves does not exceed the eighth part of the energy of non-baryonic
matter, the mass of the material involved in the vibrational motion is
limited. This explains the relatively small fraction of baryonic matter in the
total mass of the universe (less than 5%).
Gradually, under the influence of local forces of attraction, F waves
formed in different "condensation centers" unite and form more complex
and stable structural entities such as nuclei, quarks, atoms, molecules, and
so on. In this case, the spherical waves that form these structures are
located in the antinodes of waves of non-baryonic matter, where the
attractive and repulsive forces F between them are balanced. Therefore,
the structural elements of matter, called protons, neutrons, electrons,
nuclei, atoms, molecules, etc., are always located at a certain distance from
each other, a multiple of the wavelength, i.e. (that is, in the “libration
zones” corresponding to the gravitational equilibrium condition ∇ρ = 0)
[27]. This explains their stability under any changes in external conditions.
Such waves can differ from each other by the frequency, amplitude
and phase of the gravity wave, the direction and speed of rotation of its
antinodes, the direction, the number of spherical words (harmonics) and
the corresponding equivalent diameter [29]. The sizes of such structures
can be very diverse - from microscopic ones, leaving a point trace in the
Wilson chamber or on emulsions, and therefore we take for elementary
particles, up to giant concentric clusters of galaxies with a diameter of
about 500 million parsecs, recently found in compiling a three-dimensional
map of the starry sky [24]. ]. Outside these clusters, where the density of
non-baryonic matter is not sufficient to form a baryonic substance,
spherical waves of its density forming the so-called "halo" are also possible.
This halo rotates together with stars and galaxies, which explains the
observed character of their rotational curves [27].
Spherical waves of non-baryonic matter outside matter allow the
formation of running waves on their surface, modulated by the emission
of baryonic matter, since these waves do not encounter obstacles in their
path. To verify the latter, let us represent the total time derivative of the
density of matter dρ/dt as the sum of its local (∂ρ/∂t) and spatial
component (c ∙∇)ρ ≡ (∂ρ/∂r)dr/dt:
dρ/dt = (∂ρ∂t) r + (υ s ∙∇)ρ,
(5)
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where c is the propagation velocity of perturbations in the intergalactic
medium, which is equal to the present-day representations of the speed of
light.
In the absence of damping (dρ/dt = 0), the expression (5) can easily
be expressed as a wave equation in its so-called "one-wave" approximation:
(6)
∂ρ/∂t + c ·(∂ρ/∂r) = 0.
This equation is sometimes called "kinematic" (in contrast to the
"dynamic" equation of the second order, which describes a wave running
in opposite directions). In this case, it describes an undamped wave of
density of non-baryonic matter running in one direction. With respect to
spherical waves that propagate in the radial direction, these waves appear
to be transverse, which is apparently the cause of the observed polarization
in most of the anomalous radiations, which is not characteristic of
longitudinal waves. Such a longitudinally transverse wave actually exists
and with a change in the direction of polarization gives a so-called "twisted
wave" resembling a Mobius band or a spiral. With a standing wave
coefficient less than one, the waves are longitudinally distributed in
intergalactic space to any distances, which makes the baryonic matter
visible (observable) [32]. In this case, the velocity of propagation of a
longitudinal wave can in principle be much greater than the speed of light
inherent in transverse oscillations.

5. What is the difference between the radiation
of a baryonic matter and a non-baryonic
substance?

As follows from Fig. 2, the maximum density (at the antinode of a
gravity acoustic wave) cannot exceed twice the average density in a given
region of space. Therefore, the process of "condensation" of non-baryonic
matter, i.e. the formation of a baryonic substance consisting of protons,
neutrons, electrons, quarks, etc., begins in those regions of the intergalactic
medium in which the density of non-baryonic matter as a "proto-matter"
has reached the required level. However, one condensation is clearly not
enough here. To convert gravitational energy into other forms, it is
necessary to perform the work of "polarization" of the condensed
substance, i.e. creating in it a spatial heterogeneity of any properties. Such
"internal" work on the condensed matter is performed by the forces F
arising during the formation of the wave. It is committed "against balance",
i.e. removes the local area of space from the state of internal equilibrium,
which is manifested in the acceleration of the relative (including chaotic)
motion of the structural elements of the baryonic substance of the parts,
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their volume and shear deformation, electric and magnetic polarization,
dissociation and ionization, the excitation of photochemical and
photonuclear reactions, etc. As a result, the baryonic substance acquires
new degrees of freedom (new forms of energy), which were not found in
non-baryonic matter as unstructured matter ("proto-matter"). Such, in
particular, is the electric form of energy, characterized by the presence of
forces of both attraction and repulsion. This property, attributed to certain
"charges" of a different sign, appeared, apparently, as a result of the
opposite direction of the pulse of waves running along the front of a
spherical wave, called an electron or a positron, depending on the sign of
the forces of interaction between them. The total momentum of such
waves can be different from zero and differently oriented in relation to the
external magnetic field, which seems to be perceived by us as different
"poles" of magnetized bodies, although by their nature their energy is
electrokinetic. The kinetic energy of the vibrational motion inherent in the
wave structures includes an unordered (chaotic) component, called
"bound" (with heat) energy. The presence of such energy generates the
process of transforming the ordered energy into a disordered one, called
energy dissipation. The corresponding property is called viscosity. Thermal
form of energy is also associated with thermal radiation, characterized by
a continuous spectrum. This also applies to other forms of energy that
have arisen in baryonic matter due to its structuring. Therefore, the
radiation spectrum of baryonic matter far exceeds the range of thermal
radiation (0.4 < λ < 4 μ), making it strictly individual. This is what makes
it possible in the future to carry out the transport of a wave copy of matter
in space along the lines of communication.

6. How do they fill the bodies of energy loss
during radiation?

It is generally believed that objects of inanimate nature, including
inorganic substances, are in a thermodynamic (including radiant)
equilibrium with the environment. The concept of thermodynamic
equilibrium means the cessation of any kind of macroprocesses both in the
body itself (internal equilibrium) and in the processes of energy exchange
with the environment (external equilibrium). Naturally, such bodies cannot
exert any impact on the environment.
Meanwhile, the anomalous radiation is just different in that it arises
spontaneously, without requiring any "activation" for this. This is
especially obvious for radiations transmitting the "shape effect", signs, etc.
The explanation of such phenomena becomes possible with the realization
of the existence of an uninterrupted process of transformation of non118
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baryonic matter into baryonic matter not only on the scale of the universe,
but also in macro and microsystems. This specific process of energy
exchange is termed mass transfer in thermodynamics and is accompanied
by the commission of a special category of "input" works. Such processes
have long been observed by astronomers during the accretion of baryonic
matter to celestial bodies and during its flow from one star to another in
close systems of binary stars. It is possible to estimate the value of energy
supplied by mass transfer on the basis of the principle of its equivalence
to the mass U = Mc2, according to which the specific energy is equal to the
square of the speed of light. This is several orders of magnitude higher
than the energy of thermonuclear fusion, supposedly occurring in stars,
and makes non-baryonic matter the most likely "fuel" of stars [27].
In this connection, it is not out of place to recall the explosion of a
thermonuclear bomb over the Novaya Zemlya in 1961, when the
calculated heat release exceeded the calculated heat by 105 times with the
apparent absence of other energy sources [33]. At the same time, the
explosion cloud rose to the stratosphere and continued to glow brightly
there for half an hour, clearly not corresponding to the concept of
"explosion". This process more likely resembles the "burning" of ball
lightning, the phenomenon of "cold nuclear fusion" [34] or the work of a
variety of "superunit" devices, which is also accompanied by excessive heat
generation [35]. We have to admit that in all such cases we are dealing with
fluxes of absorbed and radiated energy. To find such a flux for the
radiation process, it is sufficient to represent the total energy derivative of
the wave εk (4) in time as a product of the radiant flux density j в and its
driving ("thermodynamic") force Х в ,, i.e. in the same form as the flows of
heat, matter, charge, etc. in the thermodynamics of irreversible processes
[36, 37]:
dεk/dt = ρA в νc в ⋅∇(Aвν) = – jв⋅Хв (Вт/м3),
(7)
where jв = ρAвνcв is a quantity known as the spectral density of radiation
(J/m3); Хв = –∇(Aвν) is the driving force of the process of radiative energy
transfer, expressed, as in other cases, by the negative gradient of the wave
potential ψв = Aвν (m/s) and the amplitude-frequency potential named by
us [38].
As we see, the radiation transfer in non-baryonic matter obeys the
same laws as the processes of heat conduction, diffusion, electrical
conductivity, etc. At the same time, expression (7) emphasizes that the
transfer of anomalous radiations is by no means a purely information
process that does not have an energy component. as advocates of
information theory try to present - this process has always been and
remains energy-informational [39].
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7. What distinguishes non-baryonic matter
from the ether as a luminiferous medium?

As it turns out on closer examination, the non-baryonic substance is
not so "dark" in its properties. On the contrary, it turns out to be even
more studied than the broadcast. First of all, it is known that it possesses
gravitational energy, from which all other forms of its energy of baryonic
matter subsequently emerged. In this respect, the attempts of
astrophysicists to represent "effective gravitation" by the aggregate
gravitational energy of gravitation and the negative energy compensating
it, do not stand up to criticism, since the energy of elastic deformation has
a completely different nature and arises only with the birth of baryonic
matter, i.e. is absent in a space free from it. Moreover, with the finding of
the modified form of Newton's law (2), the need for a medium that creates
repulsive forces disappears, because according to this law the gravitational
forces can go over to repulsive forces with a change in the distribution of
matter in space (for ∇ρ < 0) [27].
Further, unlike the ether, considered to be uniformly distributed in
space, non-baryonic matter is extremely heterogeneous, as evidenced by
"black holes" in the centers of galaxies with a density of ~ 18 g/cm3.
Thirdly, non-baryonic matter necessarily participates in an oscillatory
motion that restricts the transfer of mass in it by distances of a quarter of
a wave, while the ether was assumed to be motionless, entrained by
material bodies rotating or having the form of chaotically moving particles.
Fourthly, all models of the ether represented it as a kind of baryonic
substance located in a gaseous or solid (amorphous or crystalline) state,
while non-baryonic matter is a "proto-matter", i.e. yet not a structured
form of matter. Fifth, the transverse waves radiated by the baryonic
substance propagate mainly along the front of the non-baryonic wave and
involve only those objects that belong to this wave, ie, in the energyinformation exchange. oscillate in resonance with it. This ensures its
"targeting" and a much smaller dispersion in space in comparison with
radiation propagating throughout the sphere. All this does not allow us to
identify non-baryonic matter with ether.
At the same time, non-baryonic matter and ether have much in
common. Both can perform the functions of a luminiferous medium
without having either electrical or magnetic properties. Both of them
possess inexhaustible reserves of energy determined by the principle of its
equivalence to the mass M, which makes them the most likely source of
energy for the processes of both "hot" and "cold" synthesis of chemical
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elements in the depths of celestial bodies, as well as their further
compaction and heating up to the stage of the "Big Break" or "supernova
explosion". Both are characterized by unlimited permeability and,
conversely, energy dissipation (viscosity) is not inherent. Both can cause in
the receiver of radiation not only optical phenomena, but also many other
effects. In short, if it were not for the reluctance of physicists to "join the
same ox" twice, a better term for non-baryonic matter than ether would be
hard to come by, especially since his expulsion from physics has already
turned into the introduction of four new entities (electromagnetic field,
photon gas, physical vacuum and latent mass).

8. How to explain the properties of anomalous
radiations from the standpoint of the nonelectromagnetic theory of radiation?

The above considerations lead to the conclusion that non-baryonic
matter is almost the only material carrier of any radiation. From this point
of view, EMR is only a part of the radiation caused by vibrations of charged
structural elements of matter and attenuated by electromagnetic screens.
In this case, radiation does not appear as some material essence of the type
of a photon gas, but as a process of converting the internal energy of a
baryonic substance into the energy of waves traveling in non-baryonic
matter with subsequent partial or complete restoration of its original form
in the radiation receiver. This is clearly indicated by the different forms of
perception of the same radiation by different bodies: in some, it causes
only heating, in others - ionization, dissociation, photosynthesis,
photoeffect, photoluminescence, photochemical and photonuclear
transformations [40]. This is what N. Tesla meant when he wrote that "it
would be a big mistake to consider that light is carried by electric charges"
[3].
The properties of non-baryonic matter revealed above give a natural
explanation for many features of the phenomenon of the transfer of
abnormal radiations to them. First of all, it concerns the abnormally high
penetrating ability of biologically active radiations, which is natural for
gravitational interaction, since there is no isolation from it. This was
confirmed by experimental studies [41].
Further, the absence in non-baryonic matter of the thermal form of
motion inherent in baryonic matter, allows the radiant energy flux jb to
propagate in it practically without attenuation. Only when the baryonic
substance passes through the form of gas-dust clouds, nebulae, stars and
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their clusters, does the amplitude-frequency potential decrease ψв = Aвν,
which is a certain part of the "redshift".
Their next peculiarity - the targeting (selectivity) of the impact - is
explained by the resonant nature of the radiant energy exchange, taking
into account the above-mentioned features inherent in waves traveling
along the front of a closed wave. Such waves reach only those objects that
are on the trajectory of their motion and obviously fluctuate in resonance
with the source of radiation.
The abnormal biological activity of superweak radiations is naturally
explained by their accumulative nature, which is confirmed by the
dependence of the results of their effects on its exposure. Since the
accumulation of changes is of an exponential nature, bringing the
interacting bodies closer to the state of "dynamic equilibrium" (saturation),
each subsequent exposure of the same duration causes less significant
changes in the state. This is known to specialists as an "addictive effect".
The reverse process is characterized by a gradual (sometimes very long)
attenuation after the main source is removed (turned off). This so-called
"phantom effect" characterizes the phenomenon of aftereffect.
The presence of "left-sided" and "right-hand" polarization of a
number of anomalous radiations (their axial symmetry) and the
corresponding positive or negative effect can be explained by the different
(equatorial or meridional) direction of the wave modulated by baryonic
matter, which, superimposed on the radial direction of the propagation of
the spherical wave, gives it "Spiraling" character (such waves are called
"twisted").
Thus, the properties of gravity waves of non-baryonic matter are able
to explain a significant part of the experimental manifestations of energyinformation radiation without going beyond the framework of classical
physics.

9. How does carrying out non-baryonic matter
transfer the medicinal properties of medical
products?

As noted above, for a stationary state of radiating bodies, a constant
"replenishment" of their energy by the energy coming from the
surrounding medium, including from the sun and the radiations of any
other baryonic matter, is necessary. Among this energy flow there is also
an elusive part coming in the process of transformation of a non-baryonic
substance into a baryonic substance, which makes itself felt in the absence
of other energy sources. Thus, from the standpoint of nonequilibrium
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thermodynamics, objects of both organic and inorganic origin always have
an energy source for the radiation process. This has a direct bearing on
radiation emanating from drugs. These radiations can be detected not only
with the help of traditional biolocation, but also with instrumental
methods: microbial fuel cells (MFC), electrochemical impedance
spectroscopy devices (EIS Spectrometers), polarizers-type amplifiers
GShK (Greenstein-Shreibman-Kutushov), bioindicators that change the
reproductivity of plants (Phytosensing systems), differential pH-meters
(dpH device), various radio engineering devices such as IGA-1, low-power
lasers, ionizing radiation meters, electronic frequency meters and,
radiographs, transducers of longitudinal waves, magnetometers, highly
sensitive torsion scales, "VRT" complexes, various dielectric or metallic
"substrates" for the emitter, and the like. In principle, the radiation of
drugs, like any other inorganic substances, leaves its "wave portrait" (its
"spectral copy") on any material, and the point here is to isolate all the
information stored on it as a "single whole," and not separate, not
connected with each other frequencies. This question is subject to further
study.
As for the tele-radio-telephone channels providing the transfer of
this information, it only serves as an intermediate link ensuring its delivery
to a certain consumer and capable only of making only a distortion of its
content. Thus, in the device of the French immunologist Dr. J. Benveniste,
who for the first time carried out in 1988 the transfer of a wave copy of an
aqueous solution of basophil with different concentrations, such an
environment was an electromagnetic field inside the solenoid. In 1997, he
also transferred a certain "antigenic signal" and over a telephone line.
A simple technology of such transfer through the Internet was
offered by members of the Israeli association "Energoinformatics" Ph.D.
M. Grinshtein and Cand. M. Shreibman [42]. According to her, the drug,
the properties of which we want to transfer to the patient anywhere in the
world, is located on a standard CD-ROM and is illuminated by a short
pulse of laser pointer light to speed up the process. Then this disk is
inserted into the computer and sent to the addressee in the usual way. The
latter, having received the message, writes it to a blank CD and uses the
"wave portrait" of the translated medication recorded on it instead of
himself. For this purpose, a glass with ordinary water is installed on the
working (shining) side of the disc and after a short exposure (usually no
longer than 10-15 minutes) they take this water instead of the original
preparation at the same reception hours as those recommended by the
doctor. As practice has shown, a spectral copy can be stored on the disk
for as long a period as another audio or video recording.
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Another variant of the method proposed by them relates to the
external use of medications. In this case, a small piece of adhesive plaster
(4-5 cm wide) is placed on the working surface of the disc or other carrier
with an adhesive side and to illuminate the transfer it is illuminated with a
beam of a red laser pointer. After that, it is pasted onto the patient's skin
in the pain area and remains there for about a day (until the healing
properties are exhausted). If necessary, the procedure is repeated. As in the
first variant, such types of treatment and health procedures should be
performed, strictly speaking, under the supervision of a specialist, since the
patient often cannot independently track the process of removing the
pathological focus.
The theoretical basis of this method is the equation of radiative
energy transfer (7), from which it follows that the process of transferring
spectral characteristics along communication lines obeys the same laws as
in non-baryonic matter. According to him, the transfer of the spectral
"portrait" of the drug to another carrier occurs when there is a non-zero
difference in amplitude-frequency potential between the interacting
bodies, which for any mode of oscillation is equivalent to the presence of
a difference in its amplitude. The identity of the spectral copies of various
medical preparations obtained in this way was confirmed on the VRT
apparatus.

10. What experiments confirm the results?

During many years of research in the field of knowledge that we are
interested in since 2005, members of the Israeli Association of Bioenergy
"Energoinformatics" (www.samlib.ru/e/etkin_w/) and from 2013
continued by the Institute for Integrative Studies (www.iri-as.org/ ) within
the framework of one of its main directions, there has been a significant
shift not only in relation to medicine to methods of remote diagnostics and
therapy without the use of medicines, but also conventional science as a
whole to a number of unexplained phenomena. Therefore, even in the
absence of a purposeful verification of the propositions advanced in the
present paper, it has become possible to collect a lot of experimental
confirmations not only of its initial assumptions, but also of practically
important consequences.
A significant part of them concerns the existence of nonelectromagnetic radiation [43]. In addition to the mentioned above
phenomena, which revealed the existence of a whole "bouquet" of
anomalous radiation of non-electromagnetic nature, special attention
should be paid to the astrophysical discoveries of recent times, confirming
the legitimacy of posing the question of the return of physics to the
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classical path of development, based on facts, rather than on postulates. In
this case, we are talking about returning to the paradigm, from the
standpoint of which EMRs were only a part of "light" (and not vice versa).
It is also important to understand that the speed of propagation of
transverse EMR is not necessarily equal to the longitudinal component of
the speed of light, since the latter can propagate along a spiral trajectory,
and not just along a straight line. The existence of a superluminal
propagation velocity of anomalous radiation is evidenced by the "leading"
photograph of the star "Orion" discovered by N. Kozyrev, the closed
shutter of the telescope camera [43]. In 1990, this discovery was subjected
to a serious check in one of the subdivisions of the Russian Academy of
Sciences, under the supervision of Acad. M.M. Lavrentieva [44], and in
1994 - another group of astronomers [45]. Several commissions tested the
"strange" non-electromagnetic radiation discovered in 2000, which was
accompanied by a "cold" transformation of chemical elements in the
explosion of highly pure metals in water [46]. This result was also
confirmed in independent experiments [47].
The "deep penetrating" radiation of the Akimov generator for melts
of copper and other metals discovered in 1994 was also subjected to
repeated testing [48]. These data were confirmed in 2005 by another group
of Russian researchers in experiments with a generator completely shielded
from the output of electromagnetic fields [49]. In 2010, the results of
experiments that revealed the non-electromagnetic component of
radiation from low-power optical lasers used in medicine were published,
which explained their anomalously deep permeability [50]. This conclusion
was also confirmed experimentally [41]. And yet, "official" science does
not hurry to reject the concept of the electromagnetic field. Dedo goes so
far that even the detection of insignificant traces of the magnetic field at a
distance of only 20 nm from the fiber in precision experiments of the
group of J. Burresi [51] was issued by experimenters for confirmation of
the Maxwell theory, while according to it it should be equal in power of
the electrical component.
Another position put forward by us to explain the anomalous
properties of the radiation under discussion concerns the use of the
simplest (spherical) form of a standing wave of baryonic matter as a model
of elementary particles. This assumption is also based on the latest
experimental data, according to which electrons are scattered on obstacles
as if they consist of concentric zones (bands) of elasticity, spaced from
each other by a distance multiple of the de Broglie wavelength [52]. This
is also evidenced by observations of ball lightning, the ionospheric layer of
our planet [53], and the phenomenon of "long delayed echoes" - the
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sporadic occurrence in the space environment of geocentrically oriented
surfaces that cause the reflection of a radio signal [54].
The possibility of transferring medicinal properties of medical
preparations along communication lines, the identity of medical "wave
copies" of various medical preparations to the original, and preserving
their therapeutic properties in the APC of ART, was also tested
experimentally. In the meantime, considerable attention was paid to the
development and testing of devices for enhancing the therapeutic
properties of spectral copies of medical preparations by electron
potentiation (without shaking the solution) and using a polarizer-amplifier
GShK [55, 56]. Various methods of creating spectral copies of therapeutic
preparations were also tested: in a non-contact method and in mechanical
contact; with laser pointer illumination and without; from a protected
cavity and without it with the use of various intermediate carriers and
without them, with transfer of a copy on wire networks and without them;
with digital or analogue waveforms and the like. [57, 58].
The experience of the long-term therapeutic homeopathic practice
of Dr. M. Shreibman has shown that the effectiveness of treatment with
spectral copies is not inferior to natural preparations. Later it was
confirmed by independent research and clinical observations of
professional physicians who participated in the project "IS Medicals" [59].
After this check, the technology described above became the foundation
of the IC Medicals project [60].
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Alternative to the entropy increase principle
Annotation

The principle of entropy increase is discussed in the article from
more general positions of thermokinetics as a theory generalizing
non-equilibrium thermodynamics to reversible processes. Such an
approach reveals the physical meaning of entropy as a
thermoimpulse and proves its belonging to the same conserved
quantities as the charge, the masses of the components, their
impulses, and the quantities of motion. This reveals the
inconsistency of the principle of entropy increase and the need to
reformulate the 2nd law of thermodynamics without using the
concept of entropy. The theory proposes non-entropic criteria of
evolution and involution that can reflect the approach of a system
to equilibrium or its distance from it for each degree of its freedom.
It proves the inevitability of the occurrence of the circulation of
matter and the entropy of the universe. The validity of these findings
is confirmed by experimental and observational data
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1. Introduction

It is known that the theory of heat, barely having arisen, was
immediately divided into two independent directions: the theory of heat
exchange, the foundation of which was laid by J. Fourier (1822), and
thermodynamics, the beginning of which was laid by the equally famous
work of S. Carnot (1824) [1]. Both of these works were based on the notion
of caloric acid as an indestructible fluid and on the concept of temperature
as its potential. However, time as a physical parameter was present only in
Fourier [2], which left an imprint on all the subsequent development of
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these theories. Already in 1822, the work of L. Navier [3] appeared, which
marked the beginning of the hydrodynamics of viscous liquids; in 1827, he
derived his famous G.Ohm law [4], and in 1855 A. Fick proposed the
diffusion equation [5]. These works reflected the kinetics of heat,
momentum, charge, substance, etc. transfer processes. The
thermodynamics of Carnot [6] and Clausius [7], on the contrary,
considered quasi-static (infinitely slow) processes, and the ideas of transfer
were alien to it. This for a long time connected thermodynamics with the
requirement of reversibility of the studied processes, and the concept of
entropy - with the coordinate of heat transfer. The theory of heat transfer,
the concept of entropy was still alien.
Both these directions developed independently and after the
collapse of the theory of caloric, having no points of contact. Until now,
the concept of heat in thermodynamics and the theory of heat transfer
remains different. For thermodynamics, this is part of the energy exchange,
due solely to the temperature difference between the bodies and not
related to the exchange of matter between them. On the contrary, in the
theory of heat exchange, heat is considered a part of the internal energy
associated with chaotic motion [1].
Such a strange separation of two directions of the same field of
macroscopic physics could not overcome the disequilibrium
thermodynamics, which is based on the principle of increasing entropy and
therefore excludes from consideration the reversible part of real processes
[8, 9]. This situation persisted until a unified theory of nonequilibrium
processes of heat transfer and transformation was developed, which we
called for short thermokinetics [10]. It operates with energy flows and
energy carriers, and proceeds from the formulation of the energy
conservation law in the form proposed by N. Umov [11], which allowed
the synthesis of thermodynamics and heat transfer theory. The approach
from these positions allows one to reveal the reasons why “the question
of the physical basis of the law of monotonous increase in entropy
remains… open” [12] and eliminate the “glaring contradiction of
thermodynamics with the theory of biological evolution” [13].

2. Origin of the principles of existence and
increase of entropy

The founder of equilibrium thermodynamics R. Clausius based
thermodynamics on the basis of the principle of equivalence of heat Q and
W. At the same time, he considered them to be the only two possible ways
of energy exchange between an equilibrium system and the environment
[7]. In this regard, Clausius was faced with the task of finding the
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coordinates of heat transfer, that is, a parameter that necessarily changes
when heat is applied Q and remains unchanged in adiabatic processesx.
Clausius solved it by breaking an arbitrary cycle of a heat engine alongside
isotherms and adiabats into an infinite number of elementary Carnot cycles
with temperatures of heat supply and removal Т΄, Т˝ элемент and
elementary amounts of supplied and removed heat đQ΄ and đQ˝. The
thermal efficiency of an elementary Carnot cycle η t к ≡ 1 – đQ˝/đQ΄ = 1 –
Т˝/ Т΄. In this case, the sum of the so-called “reduced heats” đQ/T in an
arbitrary circular process vanishes and therefore represents the total
differential of a certain state function S, for which
(1)
∫ đQ/Т = ∫ dS = 0,

Hence follows the analytical expression of the elementary heat of the
equilibrium process:
(2)
đQ = ТdS
According to (2), in equilibrium (reversible) processes, the parameter
S increases with the supply of heat Q and decreases with its removal (đQ
< 0), which is a necessary and sufficient sign of the presence of equilibrium
heat exchange [7]. However, soon R. Clausius discovered that in
irreversible processes, expression (2) becomes the inequality đQ < ТdS. If
we assume as a matter of course that the thermal efficiency η t of any
irreversible heat engine η t is less than in the ideal Carnot cycle η t к at the
same heat supply and heat removal temperatures Т΄ and Т˝, then the
inequality arises:
η t ≡ 1 – đQ˝/đQ΄ < η t к = 1 – Т˝/ Т΄ .
(3)
In this case, đQ΄/Т΄< đQ˝/Т˝, that is, the sum of reduced heats
đQ/Т in the cycle of an irreversible machine is less than in a reversible one,
where ∫ đQ/Т = ∫ dS = 0:

∫ δQ/Т < 0.

(4)

Thus, in adiabatically isolated systems (where đQ = 0), the entropy increases
when any irreversible processes occur in it:
dS > đQ/Т, или dS из > 0,
(5)
Not seeing the limitations of this evidence, R. Clausius not only
elevated him to the rank of the 2nd law of thermodynamics but also
extrapolated to the entire Universe. Such an absolutization of the principle
of increasing entropy was expressed most vividly in his catch phrase: “The
energy of the Universe is unchanged. The entropy of the universe is increasing ”[7].
The conclusion that followed about the inevitable "thermal death" of
the Universe gave rise to the ongoing discussions and numerous attempts
to improve or disprove the evidence given by R. Clausius of this principle.
Within the framework of this article, it is impossible to reproduce even
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parts of the evidence proposed by different researchers on the insolvency
of this principle. Therefore, let us refer to the conclusion of the wellknown physicist-thermodynamics of Putilov, who gave their most
complete analysis: “We don’t find classical and later works on
thermodynamics ... a perfectly rigorous justification of thermodynamic
inequalities ... Many authors were inclined to consider an incorrigible
logical flaw in this part of thermodynamics "[14].
Moreover, it can be shown that such evidence does not exist at all in
the framework of equilibrium thermodynamics. Consider for this a fairly
general case of a polyvariant system, the state and internal energy of which
U is characterized by entropy S, volume V, charge 3, polarization D,
magnetization M, momentum P k of the internal (diffusion) movement of
the k-th components of the system and their moments L k , i.e. U = U(S, V,
З, D k , M k , Р k , L k ). Considering the entropy S as an inverse function of
these variables S =S(U, V З, D k , M k , Р k , L k ), we find that in isolated
systems (U, V З, D k , M k , Р k , L k = const) the entropy S iz remains
unchanged, like all its arguments [15]:
S из = S(U, V, З, D k , M k , Р k , L k ) = const.
(6)
From a physical point of view, this conclusion is fairly obvious: if the
state of a system is described only by conserved parameters, then its
entropy as a function of these variables in isolated systems cannot change.
This conclusion applies also to L. Boltzmann's statistical-mechanical
entropy, which he interprets as a measure of the thermodynamic
probability of the state Ω of the form [16]:
S = k ln Ω ,
(7)
where k is a constant, later named after him.
The Boltzmann entropy has the advantage that it can decrease in
adiabatically isolated systems as it is ordered. However, it also characterizes
the change in the state of the system only as a whole, without detailing
them and not indicating the reasons for irreversibility. In addition, the
probabilistic interpretation of entropy as a measure of "chaos" indicates
only the direction of the process, not allowing to calculate the value caused
by the irreversibility of the loss of system performance.

3. The basic equation of thermokinetics

To avoid any new hypotheses and postulates in the foundations of
thermokinetics, we apply a more general deductive approach to finding its
basic equation [17]. In this case, we will apply a strictly logicalmathematical method for its justification, which will make transparent
those assumptions that were used in this process.
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Consider for this purpose the combined equation of the 1st and 2nd
principles of the equilibrium thermodynamics of open systems in the form
of the Gibbs relation [18]:
dU = TdS - pdV + Σ k µk dNk ,
(8)
where U, S, V и Nk are the internal energy, entropy, volume and number
of moles of the k-th component of the system; T, p, µk is the absolute
temperature, its pressure, and chemical potential.
For brevity, further calculations will present this relation in a
compact form using the concepts of generalized potentials ѱi and
generalized coordinates Θi of any i-th process of equilibrium energy
exchange of the system with the environment [19]:
dU = Σiѱi dΘi .
(9)
z
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Fig. 1. The flow of energy across system boundaries.

In the equilibrium systems to which this equation belongs, the
change in any of the parameters Θi as a quantitative measure of the ith
energy carrier is solely due to its transfer across the system’s boundaries.
This allows us to express their change in time t by a well-known expression:
(10)
dΘi/dt = – ∫ ji·df ,
where ji =ρiυi is the energy flux density Θi through the vector element df of
the closed system surface in the direction of the outward normal n (Fig.
1); υi - the speed of its transfer.
Substituting (3) into (2), we have:
dU/dt = – Σi ѱi ∫ ji·df.
(11)
Since the generalized potentials ѱi are the same at all points of the
equilibrium system, they can be entered under the sign of the integral:
dU/dt = – Σi ∫ψijiedf,
(12)
The value ψiji is the i – th component of the energy flux density ju =
Σiψiji through the df element of the system surface (Fig. 1). Passing in (12)
on the basis of the Gauss – Ostrogradsky theorem from f the surface
integral ∫ψijidf to the integral ∫∇⋅(ψiji)dV over the volume of system V, we
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arrive at a generalized expression of the energy conservation law for an
arbitrary region of the continuum proposed by N. Umov in 1873 [11 ]
dU/dt = – ∫∇⋅judV
(13)
Representing the divergence ∇⋅ju = Σi∇⋅(ψiji) as the sum of two terms
Σi ψi ∇⋅ji + Σiji∇ψi, we find:
(14)
dU/dt = – Σi ∫ψi ∇⋅ji dV + Σi∫ xi·ji dV,
where xi ≡ –∇ψi is a quantity called in the thermodynamics of irreversible
processes (TIP) “thermodynamic force in its energy representation” [19].
The members of the first sum in this expression contain the
divergence of the energy flow ji across the system’s boundaries and
therefore characterize that part of the energy exchange that is associated
with external sources of parameters Θi = ∫ρidV, including the entropy S
and its density ρs. This type of energy exchange is referred to in
thermokinetics for short as energy transfer since it is not associated with
energy conversion. Such are heat exchange, mass transfer, diffusion of kx substances, exchange of space occupied by the system (its expansion or
compression under conditions of equal pressure with the environment),
etc. When such processes are quasi-static (infinitely slow), they do not
disturb the equilibrium in the system, which and makes them the object of
study of classical thermodynamics.
The processes described by the members of the 2nd sum (7) have a
different character. These processes, even being quasistatic, redistribute
the energy carrier Θi = ∫ρidV over the volume of the system V under the
action of force xi, thus causing its center to shift with the speed υi = dri/dt.
In this case, an internal work xi∙dri is performed, which characterizes the
process of polarization of the system in its most general understanding, i.e.
transformation of the i-th form of energy into some j-th of its form. This
process in thermokinetics is called energy conversion.
If we now take out the integral value in (14) some average value
некотороеi of potential Ψi, velocity υi and gradient ∇ψi and apply the same
Gauss – Ostrogradsky theorem, we can give it a form describing the
behavior of a nonequilibrium system as a whole: (here the rule of signs for

heat and work accepted in thermodynamics is preserved: the heat brought to the
system and the work done by it are considered positive)

dU/dt = ΣiΨi dΘi/dt – Σi Xi·Ji ,
(15)
where Ji = Θi υi = ∫jidV is the total flow of energy carrier Θi in a
heterogeneous system (having the meaning of its impulse); Xi = Ji-1∫xi·ji dV
is the average value of the thermodynamic force.
Equation (15) is fundamentally different from (2) by explicitly taking
into account the disequilibrium of the systems under study and the speed
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of real processes with the help of intensive Xi and extensive Zi = ΘiRi
parameters of spatial inhomogeneity. With this approach, the
thermodynamic forces Xi and the fluxes Ji are found directly as derivatives
of the system energy U according to these parameters Xi = - (∂U/∂Zi) and
like a derivatives of them in time Ji = dZi/dt. This frees up the need to
attract a number of other disciplines to find and build on their basis the
cumbersome balance equations of entropy, energy, mass, charge,
momentum, etc. [19]. This eliminates the characteristic for TIP
arbitrariness in dividing the rate of increase in entropy dS/dt into factors Ji
and Xi, making it difficult to understand their meaning and affecting some
of the results of its application.
It is easy to see that for Xi, Zi = 0 and Ψi = ψi, equation (15) takes the
form (8). This means that the energy of non-equilibrium systems as a
function of their state in the case under consideration has the form U =
U(Θi, Ri). The latter testifies to the failure of the local equilibrium
hypothesis, according to which the state of the elements of the
nonequilibrium continuum is characterized by the same set of variables as
in equilibrium (despite taking into account the presence of forces Xi in
them). In this case, the total differential dUi of any i-th (partial) energy Ui
can be represented as the sum of 2 terms
dUi = Ψi dΘi + Θi dΨi,
(16)
the first of which characterizes the increment of energy Ui due to its
transfer across the system’s borders, and the second due to the
transformation of its other, jth forms. Thus, any partial energy Ui is
expressed by the product of the intense Ψi and extensive measure Θi. If
the system is homogeneous (Ψi ≡ ψi), then Ui = ψiΘi. Such are, in particular,
the pressure p and the volume V for the internal energy of the elastic
deformation of the gas or the chemical potential µk and the number of
moles Nk of the kth component of the equilibrium system. The internal
heat energy Uq = TS , where T , S is the average temperature of the system
and its entropy, which in equilibrium systems is identical to the Helmholtz
“bound energy” Uq = TS, does not constitute an exception. This is directly
related to the principles of the existence and increase of entropy.

4. Non-entropic criteria of evolution and
irreversibility

From the standpoint of thermokinetics, let us consider the problem
of justifying the existence of entropy, which a number of researchers [20,
21] quite reasonably separated from the principle of its growth in
irreversible processes. It is easy to notice that the internal heat energy Uq
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is equal to the quantity, which founder of equilibrium thermodynamics R.
Clausius “full body heat,” meaning under it the sum of the heat Q and
body heat Q𝜕𝜕 supplied to the body as a result of the dissipative nature of
the “work of disgregation”. Such an understanding of body heat has
developed historically in connection with considering it along with such
phenomena as light, sound, electricity, magnetism. It has been preserved
despite hot discussions in the concept of the body heat capacity, in the law
of thermal conductivity of Fourier [2], as well as in the definition of the
heat exchange process [1].
In non-equilibrium systems, such an understanding of heat is
dictated by the existence of thermal effects not related to heat exchange
and caused by energy dissipation (friction, high-frequency or induction
heating, chemical transformations). Only in equilibrium systems, where
such effects are absent, does the heat turn out to be associated exclusively
with the heat exchange process and becomes a quantitative measure of this
process. Given this duality in the understanding of heat, thermokinetics
distinguishes between “body heat” and “process heat”, which are
respectively a function of state and a function of the process, and to avoid
confusion, denotes the first through Uq and the second through Q.
In this case, the existence of the entropy of a thermally
inhomogeneous system S = Uq/T as a quotient of dividing one system
parameter (Uq) by another (T ) is no longer in doubt. This frees us from
the need to look for ways to prove the fact of the existence of entropy in
thermally inhomogeneous media, which even for equilibrium systems look
very cumbersome and not obvious [22].
Further, according to (7), the term ∫Т ∇⋅jisdV = T dS/dt characterizes
the increase in entropy solely due to its flow through the system’s
boundaries, i.e. due to heat exchange, the ratio
đQ = T dS
(17)
gives an accurate expression of heat in the processes of non-equilibrium
heat transfer, not turning into inequality for irreversible processes. This is
how the problem of thermodynamic inequalities is solved, which sharply
limited the range of applicability of classical thermodynamics.
At the same time, the physical meaning of this parameter is also
exposed. Comparing (17) with a similar expression of the elementary work
of accelerating a system of k-th bodies đW = =Σk υk ∙dJk, where υk , Jk is
the average speed and impulse of their ordered movement expressed in the
same analytical form:
đQ = T dS; đW = Σk υk ∙dJk,
(18)
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It follows from (9), that the entropy S plays in relation to the thermal
energy Uq the same role as the impulse Jk in relation to the kinetic energy
of the flow Еk. In other words, entropy is a “thermoimpulse”, i. e., a pulse of
thermal motion of particles that has lost its vector nature due to the
randomness of this motion.
It is quite natural that the thermal impulse S increases both as a result
of heat supply đQ from the outside and as a result of the transformation
of ordered forms of energy into a disordered đQ∂ in a nonequilibrium
system, i.e.
dUq = đQ + đQ∂ = T dS + SdT
(19)
It is easy to see that multiplying and dividing the SdT term by υs it
can be expressed in the form Xs∙Js, which characterizes the source of
entropy in the thermodynamics of irreversible processes [9], where Xs =
∇Т is the driving force of the heat conduction process; Js = dZs/dt = S υs
is the entropy flow.
From (19) it also follows that the heat of dissipation
đQ∂ = SdT
(20)
is expressed in reality by an increase in the average temperature of the
system, and not by an increase in its entropy S.
This has been convincingly shown in a series of experiments by L.
Brovkin (1960, 1964) [23]. In these experiments, a sensitive element of a
resistance thermometer was laid into the gap of a tightly packed roll of
paper, cardboard, rubber tape and other sheet materials. Then the roll was
subjected to uneven heating from an external heat source, after which a
spontaneous process of thermal relaxation occurred in it. At the same time,
a change in the resistance of such a “dispersed” thermometer was
recorded. Surprising in these experiments was the fact that in all the tested
materials there was a significant (reaching 17%) rise in the average integral
body temperature. It lasted for tens of minutes until the decrease in
temperature due to cooling of an insufficiently insulated roll began to
prevail. At that time, this phenomenon called the “growth effect of the
measured heat content,” was not satisfactorily explained.
Meanwhile, it directly follows from relation (20) as the result of the
transition of the ordered part of the thermal energy to the unordered one.
A good example of such dissipation of thermal energy is thermal
relaxation, which leads to equalization of temperature in different parts of
the system (Хq → 0) and to the disappearance of the “driving force of heat”
in the theory of thermal machines by S. Carnot [3]. Thus, in thermal energy
one should distinguish an ordered part capable of dissipation, and not
relate it entirely to the chaotic form of motion. This dissipation is
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expressed by the Sd T member. The presence of this term reveals the
incorrectness of the division of the total entropy differential dS into the
components dеS and diS proposed by I. Prigogine, which change
accordingly when heat is supplied from outside đQ = ТdеS and when
internal sources of entropy diS appear due to dissipation đQ∂ = ТdiS [24]:
dUq = đQ + đQ𝜕𝜕 = ТdеS + ТdiS.
(21)
For some reason, such a decomposition of the independent variable
into parts has not caused experts' objections, although it goes beyond the
framework of mathematics. In the same way, we could break the
differentials of other independent parameters Θi, thereby depriving them
of the conservation properties (the latter, as is known, is determined precisely
by the form of their balance equation, that is, the presence or absence of internal
sources in it [16]).

It is possible to show that internal sources are available not for
energy carriers Θi and for the partial energy of Ui which can change not
only owing to its supply or branch through system borders but also owing
to internal transformations of some forms of energy into others. To show
it, we will write down (15) for isolated systems (dU/dt = 0) in a look:
dU/dt = Σid(ΨiΘi)/dt – ΣiΘidΨi/dt – Σi Xi·Ji = 0,
(22)
Since dU/dt = Σi dUi/dt= Σi d(ΨiΘi)/dt, in non-equilibrium systems
ΣiΘidΨi/dt = – Σi Xi·Ji.
(23)
In equilibrium systems (Xi = 0), this expression transforms into the
generalized Gibbs – Duhem relation ΣiΘidΨi = 0, as one would expect [18].
Thus, expression (23) allows us to distinguish the equilibrium part U =
ΣiΨiΘi of the internal energy of the system U. The rest (non-equilibrium)
part U - U generalizes the concept of the Helmholtz free energy. It
characterizes the performance of the system as a whole and each form of
its partial energy U .
d U = – Σi Xi·dZi; d U i = – Xi·dZi.
(24)
In the particular case when internal sources are only in entropy, that
is, ΣiΘidΨi/dt = -ТdiS = Sd T , equality (23) goes into the well-known
expression of the dissipative function of TIP ТdiS = Σi Xi·Ji. However,
internal sources are available not only for heat but also for any other forms
of partial energy of a polyvariant system. This is confirmed by a number
of experimental facts indicating that dissipation does not boil down to
thermal effects. It is known, for example, that when cutting metals, the
amount of heat generated by friction Q∂ is often less than the work
expended because part of the energy expended goes into the internal
energy of the chip. This fact is confirmed experimentally by the difference
between the isothermal heats of dissolution of the initial and deformed
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material. The same is observed in the processes of crushing of bodies, in
which, along with the thermal energy, the surface energy of the powder
increases.
In technology, both of these effects are taken into account by
introducing a “heat output coefficient” smaller than one. Also known is
the effect of increasing temperature in the flow part of steam and gas
turbines due to friction, which is taken into account by the “heat recovery
coefficient”. The numbers of moles Nk of k-x substances of chemical
reaction products, strain tensors of plastic materials, etc. behave in a similar
way. An “indirect impact” of bodies is no exception, as a result of which
the momentum of the translational motion of bodies decreases and the
amount of rotational movement increases. From this point of view, the
very idea of Clausius to describe all the processes of dissipation by the
parameters of only one (thermal) degree of freedom looks at least strange.
This tacit assumption made entropy a scapegoat for any irreversible state
changes, i.e., a measure of “any and all” irreversibility. The costs of this
indiscretion are still felt [15].
Thus, thermokinetics reveals the fundamental inconsistency of the
principle of increasing entropy in isolated systems, which is considered to
be almost the main expression of the 2nd law of thermodynamics. In this
regard, the need to find non-entropic criteria of evolution and
irreversibility becomes obvious. Thermokinetics allows to solve this
problem due to the introduction of its nonequilibrium parameters (force
Xi, moment Zi and displacement vector Ri) Any of these variables
characterizing the removal of the i-th degree of freedom of the system
from the state of equilibrium (its evolution), while the decrease - involution
(degradation) [25]:
dXi, dZi, dRi > 0 (evolution); dXi, dZi, dRi < 0 (involution). (25)
The same parameters allow you to find the loss of performance
caused by the relaxation of the system for any degree of its freedom and
the system as a whole:
d U i = – Xi·dZi < 0; d U = – Σi Xi·dZi < 0,
(26)
as well as the power of energy dissipation processes:
(27)
d U i /dt = – Xi·Ji; d U /dt = – Σi Xi·Ji .
The principle of increasing entropy, which is the cause of most
paralogism of thermodynamics [15], becomes superfluous. All this testifies
to the need to reformulate the 2nd law of thermodynamics with the
exception of the mention of entropy. For example, the following statement
is quite acceptable: “Any irreversible processes in thermodynamic systems
lead to the transformation of ordered forms of its energy into unordered
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and loss of its efficiency”. This formulation is not only more “physical”
but also applicable to open non-isolated systems, that is, it is more general.

5. From the “thermal death” of the Universe to
the entropy circuit in it

The principle of increasing entropy imposes a "time arrow" on the
Universe and prophesies inevitable death to it. Meanwhile, the fact that
thermal equilibrium did not occur in it for at least 13–14 billion years of its
existence1) allows us to conclude that it develops, bypassing the state of
equilibrium. This is explained by the fact that, according to observational
astronomy, only 4.9% of the substance of the Universe is visible, while the
rest of it is not involved in electromagnetic interactions and therefore is
not observable [26]. The existence of two phases of a single material
environment, which, for brevity, we call baryon (structured) and nonbarion (non-structured), puts on the agenda the study of the features of
their mutual transformation. The concept, which the author adheres to
[27], is based on the recognition of the existence of a “hidden mass” of the
Universe, which is compressed by the forces of condensation and
condenses into baryon (ordinary, observable) matter consisting of protons,
neutrons, electrons, etc. elementary particles . The latter, with further
compaction, forms all types of celestial bodies, uniting into atoms,
molecules, gas-dust clouds, small and large celestial bodies, and their
clusters.
Moreover, in addition to the gravitational form of energy, it acquires
its other forms (thermal, electromagnetic, chemical, etc.). The oscillations
of the material carriers of these forms of energy generate radiation with a
spectrum that differs from the background, which makes the baryonic
matter of the Universe observable [28]. As celestial bodies condense,
accompanied by their heating, the internal stresses in them increase and at
a certain stage of evolution, they begin to exceed the compressive forces.
Then comes the so-called "supernova explosion", turning into a "big gap"
of atomic and nuclear structures. As a result of these destructive processes,
a part of the baryon substance returns to its original form.
This process also affects entropy, since, with the disappearance of
baryonic matter as such, its internal thermal energy disappears, along with
entropy as its extensive measure. If we consider it as a function of the
absolute temperature T and the volume V of the Universe as a whole, that
is, S = S(Т, V), then its total differential has the form:
dS = (𝜕𝜕S/𝜕𝜕Т)VdТ + (𝜕𝜕S/𝜕𝜕V)Т dV
(25)
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The first term of this expression is easily converted to the form
СVdlnT, where СV = (𝜕𝜕U/𝜕𝜕Т)V is the isochoric heat capacity of the baryon
part of the matter of the Universe. With a “supernova explosion,”
accompanied by a sharp increase in its luminosity and a subsequent
decrease in temperature, this term is negative. In closed systems, the
resulting decrease in entropy would be partially compensated by the
second term, which characterizes the increase in entropy due to its
expansion. However, an explosion does not result in the expansion of a
“supernova”, but the scattering of its substance with an increase in the
kinetic energy of the “fragments”. Therefore, in the process of
transformation of a baryon substance into a non-baryon, its entropy
decreases to zero, no matter what level it reaches before. Thus, the
question of the “thermal death” of the Universe is finally solved.
From this point of view, one has to admit that in the Universe at the
same time, the oppositely directed processes of evolution in non-barion
and in involution occur in the baryon phase of its matter (or vice versa).
This reflects their dialectical nature and excludes the possibility of talking
about the "arrow of time" for the universe as a whole.

6. Conclusion

1. The use of the law of conservation of energy in the form proposed
by N. Umov allows us to represent each independent process of energy
exchange in the form of a product of its potential and energy carrier flow
as its intensive and extensive measure. The heat exchange determined by
the product of the absolute temperature and the entropy flow is no
exception, which is incompatible with its definition as a measure of
thermodynamic probability.
2. The connection of the entropy of R. Clausius with the
irreversibility of real processes resulted from the combination of two
independent principles in one law of thermodynamics - the existence and
increase of entropy. Their separation allows us to give entropy a simple
and clear meaning of the “thermoimpulse” — the impulse of the internal
motion of particles of matter, which has lost its vector nature due to the
randomness of thermal motion.
3. The basic equation of nonequilibrium thermodynamics obtained
in the article indicates that the change in entropy S and other extensive
state parameters Θi is connected only with the divergence of their flow ji
across the system boundaries. This proves that entropy obeys the same
conservation laws as other extensive parameters (mass, charge,
momentum, and its momentum). This solves the problem of the
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emergence of thermodynamic inequalities for irreversible processes and
reveals the fallacy of the principle of increasing entropy.
4. The principle of entropy increase was the result of R. Clausius’s
attempt to take into account the irreversibility of real processes, not taking
into account explicitly (using parameters) its causes - non-equilibrium.
Accounting for this circumstance with the help of the missing
nonequilibrium parameters Ri, Zi and Xi reveal that the irreversibility of
real processes is not reduced only to energy dissipation and thermal effects.
5. The available experimental data confirm the conclusion that the
dissipation of ordered forms of energy is accompanied by an increase in
the average temperature and other potentials Ψi not obeying conservation
laws. The associated increase in the equilibrium (disordered) part of the
internal energy of the system U (its energy) is the result of irreversibility.
6. The substantiation is given in the article for the belonging of
entropy to conserved values and the unprovability of this principle within
the framework of classical thermodynamics is confirmed by the absence in
the literature of sufficiently strict and general proofs of the principle of
increasing entropy. This requires a reformulation of the 2nd law of
thermodynamics with the exception of the concept of entropy.
7. The extensive and non-equilibrium parameters proposed by
thermokinetics are more “physical” criteria of its evolution, capable of not
reflecting not only the approach of the system to equilibrium in each
degree of its inherent freedom but also its removal from it. These criteria
indicate the specific cause of irreversibility and its contribution to the loss
of system performance, which entropy is not able to do.
8. From the basic equation of thermodynamics of non-equilibrium
systems, the coercive nature of the processes of evolution caused by doing
work “against equilibrium” follows, and the inevitability of the processes
of their involution (degradation) along with it, which leads to their
dialectical unity and eliminates the “glaring contradiction of
thermodynamics with the theory of evolution ".
9. The emergence of new degrees of freedom in the formation of
celestial bodies and their disappearance in the processes of "supernova
explosion" and "big gap" indicates the circulation of matter and the
entropy of the Universe, thereby causing the failure of the theory of its
thermal death.
1.
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