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Theoretical Explanation of Patent
«DEVICE FOR CONVERTING ELECTROMAGNETIC
MOMENTUM TO MECHANICAL MOMENTUM»

Annotation
Patent WO / 2019/145942 describes a device for converting an
electromagnetic pulse into a mechanical pulse, intended for use in an
apparatus for flying in the air and airless environment. The article
discusses a detailed theoretical justification of the principle of operation
of this device, and then brief user characteristics of the device. Also, an
experiment is described that demonstrates the existence of traction in the
proposed device.
It is shown that the specific thrust of this device is
approximately 1000 times greater than the specific thrust of a jet
engine.
The authors offer cooperation for patenting in various countries
and the development of devices for various purposes.
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PART 1. THEORY
1. Introduction
The following is the idea and some issues of the implementation of
the patent “Device for converting an electromagnetic momentum in a
mechanical momentum” (see appendix 1) - hereinafter the apparatus.
Essentially, such a device can move in the air and airless space without
using a jet engine. This implements the notorious principle of
“unsupported movement” and, allegedly, violates the law of conservation
of momentum. However, the electromagnetic impulse and the
mechanical impulse enter quantitatively and equitably in the law of
conservation of momentum. Therefore, the apparatus motion is
unsupported only within the framework of Newton’s third law, which is
a special case of the law of conservation of momentum. Long-standing
experiments are also known [2], in particular, those belonging to wellknown scientists who demonstrated a violation of the law of
conservation of momentum.
However, the possibility of movement under the influence of
electromagnetic forces, as a rule, is rejected. A vivid example of this is the
ongoing debate around “EmDrive” [3], which shows very little force critics are looking for some undetected forces.
Critics can be understood. The density of the electromagnetic pulse
is determined through the density of electromagnetic energy 𝑊 and the
speed of light 𝑐 as
𝐽 = 𝑊 𝑐.
(1)
When dividing by the speed of light, it is impossible to obtain an impulse
value acceptable for technology, and this fact convinces critics.
Umov in 1874 introduced into physics the idea of the movement
of energy, the flow of energy and the speed of movement of energy.
Moreover, the energy flux density 𝑆, the energy density 𝑊, and the energy
velocity 𝑉 are related by the formula
6
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𝑆 = 𝑊 ⋅ 𝑉.
(2)
This statement is universal. The speed of electromagnetic energy in
electrodynamics is assumed to be equal to the speed of light: 𝑉 = 𝑐. This
statement has supplanted from scientific use cases when the speed of
electromagnetic energy is less than the speed of light. And such cases are
known. In a static electromagnetic field, there is no electromagnetic
wave, but there is a flow of electromagnetic energy. In this case, no
reason to associate the speed of electromagnetic energy with the speed of
light. Corresponding examples are given in [2]. In [7] it was proved that
the electromagnetic pulse density of a static electromagnetic field is
determined by the formula
3
𝐽= 𝑆2
𝑊 .

(3а)
the electromagnetic pulse density of a static electromagnetic field in a
body moving with a speed v is determined by the formula
𝐽=

𝑆 =𝑊
𝑣2 𝑣 .

(3в)

This formulas is the basis of the proposed device.

Fig. 1.
7
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2. The design
The design of the proposed device implements this formula. It may
have, for example, the form shown in Fig. 1 (from the patent [1]), and
contains an energy source, an engine 110, a disk 120, and a plurality of
permanent magnets 130 mounted on the disk 120. The motor rotates the
disk and the magnets move at linear speed V 140. The magnets 130 have
ends of the north N and south S poles. The magnets 130 are located on
the disk 120 so that the planes of their ends make up a certain angle with
the trajectory of the end and with the plane of the platform in which this
trajectory lies. In fig. 2 shows a scan of a disc with magnets.

Fig. 2.

3. Mathematical description of the design
The Faraday unipolar induction law is widely known, applicable to
a permanent magnet moving at a speed 𝑉:
𝐸=𝑉×𝐵
(4)
or
𝐸 = 𝑉 × μ𝐻,
(5)
where 𝐵,𝐸,𝐻,μ is magnetic induction, electric and magnetic intensities,
absolute magnetic permeability, respectively.
The density of the flow of electromagnetic energy flowing from the
end of the magnet,
𝑆=𝐸×Н
(6)
Let us consider the application of these relations to our construction see Fig. 3. In the cylindrical coordinates r, φ, z, the vectors under
consideration have the form 𝐻 = [𝐻𝑟,Hφ,H𝑧]. Moreover, taking into
account (5), we obtain:
𝐸 = 𝐸𝑟,
(7)
𝑉 = 𝑉φ,
(8)
Then
𝐸 = 𝐸 𝑟 = 𝑉 ⋅ μ ⋅ Н 𝑧,
(10)
8
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𝑆 = 𝑆𝑧 = 𝐸 𝑟 ⋅ Н φ

(11)

or
𝑆 = 𝑉 ⋅ μ ⋅ Н𝑧 ⋅ Нφ.

(12)

This value will be greatest if
Н𝑧 = Нϕ = 𝐻 2 ,

i.e. the magnet should be inclined to the plane at an angle  4 . Then
𝑆 = 0.5𝑉 ⋅ μ ⋅ Н2 = 0.5𝑉𝐵2 μ,

(13)
(14)

or
𝑆 = 0.5𝑉 ⋅ μ ⋅ Н2 = 0.5𝑉Н𝐵.

(15)

Similarly,
𝑆φ = 0.5𝑉Н𝐵.

(15a)

The density of the entire energy flow
S=

|𝑆⃗𝑧|2 + |𝑆⃗φ|2 =

1 𝑉Н𝐵
2

(15b)

or
𝑆 = 𝑉𝑊𝑚 2.

(16)

where is the magnetic energy density of the magnet
𝑊𝑚 = 0.5Н𝐵.

(17)
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Fig. 3.
In fig. 3a shows a three-dimensional image of a magnet and vectors
acting on it. When moving, an electrically conductive magnet becomes an
electret-magnet. Moreover, in it
9
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• the abcd plane is the north end of the magnet,
• the efgh plane is the south end of the magnet,
• the abge plane becomes the positive end of the electret,
• the cdfh plane becomes the negative end of the electret.
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Fig. 3а.
The energy source for the entire stream with density 𝑆 is the energy
of the energy source for the engine, and the stream with density 𝑆 is the
power of the engine.
The magnet moves along the φ axis at a speed 𝑉 and along the z
axis at a speed 𝑉𝑣𝑒𝑟𝑡, where 𝑉𝑣𝑒𝑟𝑡 is the vertical speed of the structure,
not equal to 𝑉. The same speeds are the flow velocities 𝑆𝑧 and 𝑆φ,
respectively. The density of the electromagnetic pulse is determined by
the formula (3c). Taking into account (15a, 15), we find the projections
of the momentum 𝐽𝑧 and 𝐽φ are equal
10
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Н𝐵
2𝑉 .
2=

(18а)

Н𝐵𝑉
2𝑉𝑣𝑒𝑟𝑡2.

(18в)
In accordance with the law of conservation of momentum, the
electromagnetic momentum in total with the mechanical momentum of
the magnet must be zero, since the latter was absent at the beginning of
the motion. Consequently, the magnet body acquires a mechanical
momentums

𝑀𝑚φ =‒ Н𝐵𝑄
2𝑉

.
𝑀𝑚𝑧 =‒ Н𝐵𝑉𝑄2
2𝑉𝑣𝑒𝑟𝑡 .

(21а)

(21в)
where Q is the volume of the magnet. This impulse of many magnets is
the vertical impulse of the device.
The powers consumed by the magnet for circular motion and for
vertical motion are respectively equal to:

Р𝑚φ = 𝑆φ𝑏 = Н𝐵𝑉𝑏
2

,

(22а)

Р𝑚𝑧 = 𝑆𝑧𝑏 = Н𝐵𝑉𝑏
2

,
(22в)
where 𝑏 is the area of the end face of the magnet. From (15, 22) we find:

Р𝑚 = 0.5𝑉Н𝐵𝑏,

(23)

From (21, 23) we find:

2Р𝑚φ𝑄 Р𝑚φ𝐿
= 2
2𝑉2𝑏
𝑉
(24а)
2Р𝑚𝑧𝑄 Р𝑚𝑧𝐿
𝑀𝑚𝑣𝑒𝑟𝑡 = 𝑀𝑚𝑧 = Н𝐵𝑉𝑄2 =
= 2
2
2𝑉𝑣𝑒𝑟𝑡
2𝑉𝑣𝑒𝑟𝑡
𝑏 𝑉𝑣𝑒𝑟𝑡
(24в)
𝑀𝑚φ = Н𝐵𝑄
2𝑉 =

where is the length of the magnet

𝐿=𝑄
𝑏

.

(25)

Magnet weight

𝑍𝑚𝑎𝑔 = 𝑄ρ,

(26)
11
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where ρ is the specific gravity of the magnet material. The mass of the
device will be defined as
𝑚 = 𝑟𝑍𝑚𝑎𝑔 𝑔,
(27)
where 𝑔 is the acceleration of gravity, 𝑟 is the load coefficient, and

𝑟 = 𝑔𝑚
ρ𝑄

(28)

The power consumed by the magnet for vertical movement

𝑃𝑚 = 𝐹𝑣𝑒𝑟𝑡𝑉𝑣𝑒𝑟𝑡,
where

𝐹𝑣𝑒𝑟𝑡

(29)

is the magnet traction force. In addition, we have:

𝑀𝑚𝑣𝑒𝑟𝑡 = 𝑚 ∙ 𝑉𝑣𝑒𝑟𝑡,

(30)

From (21, 24) we find the speed of vertical movement:

𝑚 ∙ 𝑉𝑣𝑒𝑟𝑡 =

Р𝑚𝑧𝐿 Н𝐵𝑉𝑄
2 =
𝑉𝑣𝑒𝑟𝑡
2𝑉𝑣𝑒𝑟𝑡2

(31)

or

𝑉𝑣𝑒𝑟𝑡 = 3 Н𝐵𝑉𝑄
2𝑚 .

(32)

We find the magnet traction force at a given speed

𝑉𝑣𝑒𝑟𝑡 from

(29):
𝐹𝑣𝑒𝑟𝑡 = 𝑃𝑚/𝑉𝑣𝑒𝑟𝑡.

(33)

From (33, 22) we find

𝐹𝑣𝑒𝑟𝑡 =

Н𝐵𝑉𝑏
2

3

Н𝐵𝑉𝑄 = 𝑏3 (Н𝐵𝑉)2𝑚
2𝑚
4𝑄 .

(34)

Considering also (28), we find:
𝐹𝑣𝑒𝑟𝑡 = 𝑏3

(Н𝐵𝑉)2𝑟ρ
4𝑔

(35)

From (35) we find
𝐹𝑣𝑒𝑟𝑡 = 𝑏𝑑,

(38)

where
𝑑=3

(Н𝐵𝑉)2𝑚 = 3 (Н𝐵𝑉)2𝑟ρ
4𝑄
4𝑔

i.e. 𝑑 is also pressure, and traction force

𝐹𝑣𝑒𝑟𝑡

(39)
is also pressure force.

The obtained relations together with known external forces allow
us to calculate the dynamics of flight.
12
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Obviously, the vertical in this case is the direction of the axis of
rotation of the disk. Therefore, all of the above applies to fly in any
direction.
With a known traction force at each moment of time, from (35) we
can find the required linear velocity of the magnets:
3
1 4𝑔𝐹𝑣𝑒𝑟𝑡
𝑉𝑚𝑖𝑛 = Н𝐵
𝑟ρ𝑏3

(41)
Appendix 2 describes an experiment demonstrating the existence
of traction in the proposed device.

Together with the vertical flow of energy (15), there is a horizontal
flow of energy (15a) directed in a circle. Together with the flow (15a),
there is a co-directional electromechanical impulse and (due to the law of
conservation of momentum) a mechanical impulse opposite to the
energy flow (15a), i.e. directed opposite to speed V. Therefore, this
impulse is inhibitory. Similarly to (33), the braking force can be found by
the formula
𝐹𝑏𝑟𝑎𝑘 = 𝑃𝑚/𝑉.
(42)

13
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Thus, the engine power is spent on lifting and braking during
rotation. From (42) it follows that after acceleration, the braking force
can be neglected.

4. Examples of calculation
Example 1. Fixed and unsupported device.
The design has a disk mounted with many magnets and has the
following characteristics (see PoletCEMMM.m, mode = 1):
𝑏 = 0.015 𝑚2,𝐿 = 0.005 𝑚, 𝐵 = 1.35 𝑇, 𝐻 = 50𝐴/𝑚,
ρ = 5 ∙ 104𝑁/ 𝑚3, 𝑍𝑚𝑎𝑔 = 3.75𝑁.

Note that there can be many magnets and disks with magnets. Here 𝑏 is
the total area of all magnets. At a given speed, 𝑉 = 43 𝑚/𝑠𝑒𝑐 according to
the above formulas
𝐹𝑣𝑒𝑟𝑡0 = 98 𝑁, 𝑟 = 26, 𝑉

𝑃 = 22 𝑊𝑡,
𝑣𝑒𝑟𝑡 = 0.22𝑚/𝑠𝑒𝑐, 𝑚𝑧
ω = 60𝑉/(2π𝑅) = 2780 𝑟𝑝𝑠.
In fig. 4 shows the functions 𝑉𝑣𝑒𝑟𝑡(𝑉𝑣𝑒𝑟𝑡), 𝑃𝑣𝑒𝑟𝑡(𝑉), ω(𝑉).

Example 2. Counteraction to the impulse of force.
Suppose that under the conditions of Example 1, an additional
force of 150 𝑁. Find a new traction force
By (41) we find a new linear velocity of

𝐹𝑣𝑒𝑟𝑡2 = 𝐹𝑣𝑒𝑟𝑡 + 50 = 148 𝑁.
the magnets 𝑉 = 108 𝑚/𝑠𝑒𝑐.

𝑚
𝑉𝑣𝑒𝑟𝑡 = 0.3𝑠𝑒𝑐

Find the new vertical speed from (32):
the power required for this by (29): 𝑃𝑚 = 75 𝑊𝑡.

. We also find

Example 3. Flying with acceleration in the absence of
resistance
Consider a flight in the absence of resistance (for example, in zero
gravity). Since the disk rotates, it consumes energy (22, 29) and creates a
torque (30). On the other hand
𝐹𝑣𝑒𝑟𝑡 = 𝑎𝑚,
(61)
𝑎
where is the acceleration created by this force. From (61, 29, 30) we
find

Р𝑚𝑧 = 𝐹𝑣𝑒𝑟𝑡𝑉𝑣𝑒𝑟𝑡 = 𝑎𝑚𝑀𝑚𝑣𝑒𝑟𝑡 𝑚 = 𝑎𝑀𝑚𝑣𝑒𝑟𝑡 (62)
or

Р
𝑎 = 𝑀 𝑚𝑧 .
𝑚𝑣𝑒𝑟𝑡

14

(63)

The Papers of independent Authors
From (63, 24b) we find
𝑉

Volume 47, 2020

2

𝑎 = 𝑣𝑒𝑟𝑡
𝐿 ,

(64)

𝑑𝑉𝑣𝑒𝑟𝑡
𝑑𝑡

(65)

Hence,

=𝑎

and rate of change of moment
2
𝑑𝑀𝑚𝑣𝑒𝑟𝑡
𝑑𝑉𝑣𝑒𝑟𝑡
𝑚𝑉𝑣𝑒𝑟𝑡
=
𝑑𝑡 = 𝑚 𝑑𝑡 𝑚𝑎 = 𝐿 .

(66)

Considering also (32), we find:

𝑑𝑀𝑚𝑣𝑒𝑟𝑡 𝑚3 𝑄𝐻𝐵𝑉
𝑑𝑡 = 𝐿
2𝑚

(

)

2

= 𝐿1 3

𝑚(0.5𝑄𝐻𝐵𝑉)

2

(67)

or taking into account (22b) we finally find

𝑑𝑀𝑚𝑣𝑒𝑟𝑡 1 3
𝑑𝑡 = 𝐿

𝑚

Р𝑚

( )
𝑏

𝑄

2=3

𝑚 2

𝐿 Р 𝑚.

(68)
When the direction of rotation of the disk changes, the acceleration
changes sign. Thus, the rate of change of moment (68) can accelerate or
slow down the device.
It follows from (61, 66) that
𝐹

= 𝑚𝑎 =

𝑑𝑀𝑚𝑣𝑒𝑟𝑡
𝑑𝑡 .

(69)

Example 4. Flying with acceleration in the presence of a drag
force
Consider a flight with acceleration in the presence of resistance
𝐹
force Т. In this case, formula (61) takes the form:
Р𝑚 = (𝐹 ‒ 𝐹Т)𝑉𝑣𝑒𝑟𝑡 = 𝑎𝑚𝑉𝑣𝑒𝑟𝑡.
(71)
where 𝐹 is, as before, the force that a rotating disk creates in the direction
of the axis of rotation. All formulas of Example 3 are preserved in this
case, with the exception of formula (69), which here takes the form:

𝐹𝑣𝑒𝑟𝑡 = 𝐹Т + 𝑚𝑎 = 𝐹Т +

𝑀𝑚𝑣𝑒𝑟𝑡
𝑑𝑡 .

(72)

Example 5. Specific momentum and specific thrust
We find the energy that needs to be spent in order to tell the device
a certain momentum. From (68) we find:
15
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𝑇

𝑀𝑚𝑣𝑒𝑟𝑡 =

∫

𝑀𝑚𝑣𝑒𝑟𝑡
𝑑𝑡 𝑑𝑡 =

0

𝑇

∫(

3

𝑚 2

)

𝐿 Р𝑚 𝑑𝑡,

0

(73)

where 𝑇 is the momentum duration.

Р

Suppose that the power 𝑚 for increasing the momentum remains
constant over the entire period 𝑇 of the increase in momentum. Then
from (73), we find:
𝑚 2

𝑀𝑚𝑣𝑒𝑟𝑡 = 𝑇3 𝐿 Р𝑚.

(74)

The energy spent to get the momentum,

𝑊𝑚 = 𝑇Р𝑚.

(75)

From (74, 75) we find:
𝑚

2

𝑀𝑚𝑣𝑒𝑟𝑡 = 3 𝐿 𝑇𝑊𝑚.

(76)

Consider the specific momentum of our device, completely
analogous to the specific momentum of a jet engine and equal to the
ratio of momentum to fuel consumption:

𝑀
𝐼𝑚 = 𝑊𝑚𝑣𝑒𝑟𝑡
,
𝑚𝐷

(77)
where 𝐷 is the specific fuel consumption for an engine rotating a disk
with magnets.
From (76, 77) we find:

𝑇
3
𝐼 𝑚 = 𝐷3 𝑚
𝐿 𝑊𝑚 = 𝐷 𝐿𝑃𝑚.
𝑚

(78)
It follows that the specific momentum increases with an increase in
the mass of the device and a decrease in engine power.
A calculation using this formula (see example 1 below) shows that
the specific momentum of the proposed device significantly
exceeds the specific momentum of a jet engine.
Consider the specific thrust of our device, completely similar to the
specific thrust of a jet engine and equal to the ratio of thrust to fuel
consumption:

𝐹𝑣𝑒𝑟𝑡 𝑔
Ψ𝑚 = 𝑊
.
𝑚𝐷
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Ψ𝑚 = 𝐹𝑣𝑒𝑟𝑡 ∙ 𝑑𝑡 (𝑔𝑃𝑚 ∙ 𝑑𝑡 𝐷)

(81)

or, taking into account (69),

Ψ𝑚 =

𝑑𝑀𝑚𝑣𝑒𝑟𝑡
𝑑𝑡 ∙ 𝑑𝑡

(𝑔𝑃𝑚 ∙ 𝑑𝑡 𝐷)

(82)

or

Ψ𝑚 = 𝐷

𝑑𝑀𝑚𝑣𝑒𝑟𝑡
𝑑𝑡

(𝑔𝑃𝑚)

.

(83)

Given (68), we obtain
𝑚
3 𝑚 2
3
Ψ𝑚 = 𝐷 𝐿 Р𝑚 (𝑔𝑃𝑚) = 𝐷
𝑃
𝑔 𝑚𝐿

.

(84)

Given (78), we obtain

𝐼
Ψ𝑚 = 𝑔𝑚
.

(85)
It can be seen that the specific thrust of the proposed device
significantly exceeds the specific thrust of the jet engine.
Example 1.
For example, if our engine is a gasoline engine, then 𝐷=4262400

𝑚 = 0.5, 𝐿 = 0.005 𝑚
𝑃
J/kg. Let also 𝑚
. Then by (78, 85), we find:
𝐼𝑚 ≈ 5 ∙ 10 6 , Ψ𝑚 ≈ 5 ∙ 10 5.
Table 1.
Specific momenEngine
tum (m\sec)
Gas turbine engine
30 000
Liquid engine
5000
Solid fuel engine
3000
Electric Rocket Engine
50 000
Ion Engine
30 000
Plasma Engine
300 000
Hypothetical photonic rocket 300 000 000
Patent
5 000 000

Specific
thrust (sec)
3000
500
300
5000
3000
30 000
30 000 000
500 000
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The table 1 shows the values of specific impulse and specific thrust
for known rocket engines [5] and for the proposed apparatus. It can be
seen that the specific impulse and specific thrust of the proposed
apparatus significantly exceed the corresponding values for known jet
engines. This suggests that the proposed device is an economical engine
for the spacecraft
PART 2. USE
1. Introduction
The device according to patent WO / 2019/145942 is intended for
use as a propulsion device for an apparatus moving in the air and airless
environments. The main advantage of such an apparatus is high
profitability. Schematically, this apparatus is shown in Fig. 5.
The device is built from Rotating Disk, on the circumference of
which plurality of bar magnets are mounted. The disk is driven by a
Motor (it is not shown in the picture) that causes it to rotate. The
magnets are positioned in an angle relative to the rotation axis of the
disk. When the disk rotates, mechanical momentum, perpendicular to the
plane of the rotating disk is generated (as shown in part 1). This
momentum acts on the disk and causes it to move along the axis of
rotation of the disk.
Swivel Mechanism is needed to change the direction of flight.
Power source is needed for the motor that rotates the drive.
Driving Force

Rotating Disk
with magnets
Swivel Mechanism

Power Source

Fig. 5.
18
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2. Schematic diagrams
The first circuit is described above and is shown in fig. 5. The
disadvantage of this scheme is the use of a rotary mechanism that
reduces the reliability of the apparatus.

Fig. 6.
Another scheme is the “flying triangle” - see fig. 6. It is a triangular
platform with three disks mounted at the corners of the platform. The
control system allows you to create different speeds of rotation of the
disks in order to control the height and direction of movement of the
disks (without changing the angle of inclination of the axis of the disk to
the plane of the platform).
Instead of a single disk, multiple coaxial disk can be used.
The project offers various options for the location of magnets on
the disk.
3. Features of Apparatus
1.
2.
3.
4.
5.

simplicity of construction
reliability
noiselessness
ability to move at low speed and hang
ability to move in space

1.
2.
3.
4.

instead of helicopters
instead of construction cranes
for the returned satellites
for space flights

4. Application
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5. Comparison with Helicopter
1. the absence of a propeller and any external
moving elements; as a consequence,
2. mechanical reliability,
3. simplicity of repair,
4. noiselessness,
5. reliability.
6. Comparison with Space Rocket
1. the possibility of flying in space with low speed,
and, as a consequence,
2. the opportunity of low-speed lift and landing
capability,
3. low fuel consumption,
4. no overload for the crew,
5. lack of expensive heat protection.
7. The state of affairs
Designed by
• optimal shape of the magnet,
• various layouts of magnets on the disk,
• arrangement of disks in the device,
• optimal disk rotation speed,
• a way to preserve the magnetization of a magnet,
• methodology for calculating the mechanical impulse created by
the engine as a whole
• methodology for calculating power consumption depending on
flight speed
• methodology for calculating the trajectory and fuel consumption
for the engine as a whole
• methodology for optimal regulation of speed and power,
8. Cost-effectiveness
Jet engine performance indicators are specific momentum and
specific thrust. The proposed theory will allow us to calculate these
indicators for our engine. In essence, these are indicators of an internal
combustion engine used to rotate a disk. When calculating the indicators,
the specific gasoline consumption equal to 4262400 J/kg is used. The
table 1 (see in part 1) shows the values of these indicators for known
rocket engines and for the proposed engine. It can be seen that the
20
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specific momentum and specific thrust of the proposed apparatus
significantly exceed the corresponding values for known jet engines. This
suggests that the proposed device is an economical engine for the
spacecraft
9. The calculated ratio
Design parameters are:
 the radius of the disk R,
 induction at the end of magnet B,
 coercive intensity H,
 the number of magnets k,
 the area of the end face of the magnet b,
 magnet length L,
 specific fuel consumption for the engine rotating the disk,
D
 the density of the magnet material is ρ.
It is important to note that the efficiency of the apparatus
substantially depends on the length of the magnet and increases with
decreasing length. Therefore, it is advisable to use thin flat magnets.
Currently, film magnets exist and are being improved that are extremely
effective in this application.
The calculated parameters are:
 apparatus weight m
 disk rotation speed n,
 engine power Р𝑚,
 the speed of the apparatus (linear velocity of the apparatus
along the axis of rotation of the disk) 𝑉𝑣𝑒𝑟𝑡,
 the speed of the magnets (linear velocity on the disk
circumference) V,
 traction force 𝐹𝑣𝑒𝑟𝑡,
 specific thrust Ψ𝑚,
 momentum 𝑀𝑚𝑣𝑒𝑟𝑡,
 specific momentum 𝐼𝑚.
It should be ensured that the speed of the magnets V is greater
than a certain minimum.
The following basic relationships between the listed values were
found:
21
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𝑄 = 𝐿𝑏,
𝑃𝑚 = 𝐹𝑣𝑒𝑟𝑡𝑉𝑣𝑒𝑟𝑡,

(1)

𝑀𝑚𝑣𝑒𝑟𝑡 = 𝑚 ∙ 𝑉𝑣𝑒𝑟𝑡,

(4)

𝑃𝑚𝑧 = 0.5𝑉𝐻𝐵𝑏,

(3)

(2)

𝑉𝑣𝑒𝑟𝑡 = 3 Н𝐵𝑉𝑄
2𝑚 ,

(5)
2

𝐹𝑣𝑒𝑟𝑡 = 𝑏3 (Н𝐵𝑉) 𝑟ρ
4𝑔
,
3
4𝑔𝐹𝑣𝑒𝑟𝑡
1
𝑉 = Н𝐵
𝑟ρ𝑏3 .

(6)
(7)

𝑚
𝐼𝑚 = 𝐷3 𝐿𝑃 ,
𝑚

(8)

𝐼
Ψ𝑚 = 𝑔𝑚.

(9)

The obtained relations together with known external forces allow
us to calculate the dynamics of flight.
The vertical in this case is the direction of the axis of rotation of
the disk. Therefore, all of the above applies to fly in any direction.

Appendix 1. Details of the patent [1].
DEVICE FOR CONVERTING ELECTROMAGNETIC
MOMENTUM TO MECHANICAL MOMENTUM
WO/2019/145942
PCT/IL2019/050084
International Filing Date:
22/01/2019
Applicant
KHMELNIK, Solomon; IL
Inventor
KHMELNIK, Solomon; IL
Agent
ROSENTHAL, Ytzhak; IL
Priority Data
62/621,054; 24.01.2018; US

Appendix 2. Experiments
The experiment was as follows. Permanent magnets were installed
on an aluminum disk in a certain way (in accordance with the patent).
The disk was put on the axis of the DC motor, and the disk with the
22
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engine was mounted on a cart with wheels so that the axis of the motor
was parallel to the platform of the cart - see Fig. 7.

Fig. 7.
Experience 1. The cart is put wheels on a horizontal floor. When
the disk rotates, the whole structure travels in the direction of the axis
of the disk - see the video [6] to the end.
Experience 2. The cart is mounted on the scale so that the axis of
the engine becomes vertical. The scales are set to “zero”. When the disk
rotates, the weight of the structure changes, which indicates the
occurrence of traction along the axis of the disk. This experience is
performed in the following options.
Experience 2a. Measurement of traction when rotating a disk
with magnets clockwise or counterclockwise.
Experience 2b. Measurement of traction when rotating a disk
without magnets clockwise or counterclockwise.
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Fig. 8.
The measurement results are given in table 2. It is seen that
• there is a traction force of rotating magnets, independent of
aerodynamic traction,
• the traction force of rotating magnets and the power consumed
for this depend on the position of the magnets relative to the direction of
rotation speed.
Table 2.
Direction of
rotation

Parameter
→.

Power Consumption with Magnets (Wt)
Power Consumption without Magnets (Wt)
Power Consumed by Rotating Magnets (Wt)
Tractive force with magnets (G)
Tractive force without magnets (G)
Magnets pulling force (G)

←.

275
269
6
430
270
160

272
261
11
450
315
135

Appendix 3. Design Options
It follows from the foregoing that a plurality of magnets located on
the platform, moving at a certain velocity, produce a summary
mechanical momentum directed perpendicularly to the velocity vector.
Let's consider some variants.
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Two magnet arrangements are shown in fig. 9, where the
embodiment of fig is shown on the left. 2 in the main text, and on the
right is another option. It can be seen that they are equivalent in the
direction of the mechanical momentum.
z
Jm

z

Jmz

Jm

alfa

Jmz

alfa

N

Jmy

N

Jmy

S

y

S

V

Fig. 9.
z
Jm

Jmz
V

Jmy

N
S

N
S

N
S

N

y

S

Fig. 10.
On fig. 10 shows an arrangement in which all the magnets are
inclined to the axis oy at the same angle (similarly to fig.2 and fig.9 on
the left).
On fig. 11 shows an arrangement in which adjacent magnets are
inclined towards each other in such a way that the poles of the same
name are adjacent (similarly to fig. 9).
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z
Jm

Jmz

Jmy

N

V

N

N

N

S

S

y

S
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Fig. 11.

z
Jm

Jmz
V

Jmy

N
S
N
S

N

P

y

S

N
S
Fig. 12.

On fig. 12 shows the platform P, on which the magnets are
arranged fan-shaped. The platform P is moving along the axis oy with
velocity V. In this case, the for magnets located above the axis oy , the
north poles are located above the southern ones, and for the magnets
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located under the axis oy , the north poles are located below the
southern poles.
We did not consider the shape of the trajectory of the platform
movement - on fig. 10, 11, 12 it was assumed only that it coincides with
the axis oy . However, this trajectory can be any - it is important only
that each magnet is in a plane xoz perpendicular to the axis oy . For
the construction shown in fig. 12, the entire platform P must be in this
plane xoz .
On fig. 13 shows an arrangement in which the magnets are
arranged circumferentially on a rotating platform and inclined to the
circumference at the same angle. The velocity vector V is shown. It is
important to emphasize that each magnet is inclined in a plane xoz ,
perpendicular to this figure. Thus, such a construction is formed from
the construction shown in fig. 10, when the rectilinear platform (axis
oy ) is transformed into a ring, perpendicular to the plane of fig. 10.
Therefore fig. 10 can be considered as sweep of fig. 13.

N

N
S

N

S

S

N

S

N

S

V

S

N

S

S

N
N

Fig. 13.
Similarly, on fig. 14 shows an arrangement in which the magnets
are also arranged circumferentially on a rotating platform and inclined to
each other. But here fig. 11 can be considered as sweep of fig. 14.
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On fig. 15 shows a device in which several platforms 1, shown in
fig 12, are used. These platforms 1 are placed on spokes 2 with a
common rotating rim 3. At the same time on each such platform 1 the
magnets 4 are located at an angle to the plane of rotation of the rim so,
that the magnets located above the plane of rotation, have north poles
above the south poles, and magnets located below the plane of rotation,
have north poles below the south poles.
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To the rationale for homeopathy
Annotation
It is shown that in the water molecules there can exist a bulk
17 ‒ 1
standing electromagnetic wave with a frequency of the order of 10 𝑠 .
This wave can be modulated by the frequency of natural vibrations of the
substances dissolved in it. Then it is shown that on the basis of these
facts the main features of homeopathy can be explained, including lack of
influence of impurities and enhancement of the therapeutic effect when
dilution.

1. Introduction.
The theoretical rationale for homeopathy does not correspond to
scientific ideas about the functioning of organisms. Therefore, a large
number of professional medical and general scientific organizations
openly express a negative attitude towards homeopathy. The same
organizations point to the lack of evidence of the effectiveness of
homeopathy. However, homeopathy exists precisely because many see
this evidence. The following is an attempt to find a rigorous scientific
justification for homeopathy. The first edition of this article was
published in [7].
First of all, we note some characteristic features of homeopathy.
1. The healing effects of the drug and the drug solution are the
same.
2. Trivial calculations show that in drugs with high dilution, the
probability of having at least one molecule of the active substance is close
to zero. However, the therapeutic effect remains.
3. With a decrease in the concentration of the drug, the therapeutic
effect is enhanced.
4. The amount of impurities in a homeopathic medicine is
inevitably greater than that of a medicinal substance. Therefore, particles
of impurities, obviously, should have a greater effect than particles of a
drug substance. However, this is not observed.
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5. Some homeopaths believe that the effect of the drug is due to
the fact that “water has a memory” that transfers biological information.
6. There is no generally accepted scientific opinion about the
existence of a “memory of water" [1, 8, 9].
Thus, the question of the justification of homeopathy boils down
to the question of the ability of water to preserve the memory about
substances previously dissolved in it.

2. Electromagnetic volumetric standing wave.
In [2, 3] it was shown (as a consequence of solving Maxwell's
equations) that in a limited volume of vacuum there can exist an
electromagnetic standing wave. This volume may have a variety of
shapes. In a Cartesian coordinate system, the solution has the form
𝐸𝑥(𝑥,𝑦,𝑧,𝑡) = 𝑒𝑥cos(α𝑥)sin(β𝑦)sin(γ𝑧)sin (ω𝑡),
(2)
𝐸𝑦(𝑥,𝑦,𝑧,𝑡) = 𝑒𝑦sin(α𝑥)cos(β𝑦)sin(γ𝑧)sin (ω𝑡),
(3)
𝐸𝑧(𝑥,𝑦,𝑧,𝑡) = 𝑒𝑧sin(α𝑥)sin(β𝑦)cos(γ𝑧)sin (ω𝑡),
(4)
𝐻𝑥(𝑥,𝑦,𝑧,𝑡) = ℎ𝑥sin(α𝑥)cos(β𝑦)cos(γ𝑧)cos (ω𝑡),
(5)
𝐻𝑦(𝑥,𝑦,𝑧,𝑡) = ℎ𝑦cos(α𝑥)sin(β𝑦)cos(γ𝑧)cos (ω𝑡),
(6)
𝐻𝑧(𝑥,𝑦,𝑧,𝑡) = ℎ𝑧cos(α𝑥)cos(β𝑦)sin(γ𝑧)cos (ω𝑡),
(7)
𝐸
,𝐸
,𝐸
𝐻
,𝐻
,𝐻
𝑟
ϕ
𝑧
𝑟
ϕ
𝑧
where
are the electric intensities,
are the magnetic
𝑒
,𝑒
,𝑒
,ℎ
,ℎ
,ℎ
𝑥
𝑦
𝑧
𝑥
𝑦
𝑧
intensities,
are the constant amplitudes of the intensities,
α,β,λ are the constants, ω is the frequency. These quantities are related by
the following equations:
ℎ𝑧 = 0,
(8)
𝑒𝑥 =‒ 𝑒𝑧

γα ,
α2 + β2

β
𝑒𝑦 = 𝑒𝑥 α
,
εω
ℎ 𝑦 = 𝑒𝑥 γ
,
εω
ℎ𝑥 =‒ 𝑒𝑦 γ ,
γ = μω,
ω=

γ 2 + α2 + β2 .
εμ

(9)
(10)
(11)
(12)
(13)
(14)

For cube are paramerters
α = β = γ.

(15)

The length of the half-edge of the cube is defined as
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𝑅=π
α

.
Then the formula for frequency in vacuum takes the form

(16)

ω = 𝑐π
𝑅 3,

(17)
where c is the speed of light in vacuum.
A standing wave is not emitted through the faces of the cube and,
in the absence of external energy flows, such a wave retains its energy,
frequency and shape of volume. This electromagnetic wave can be
modulated by a lower frequency. In this case, this volume turns into a
keeper of energy and information. In [2-4], well-known experiments
and natural phenomena are considered, which serve as proof of the
existence of such a keeper.

3. Water keeper of information
We assume that the water molecule is the volume that stores the
standing wave. In this case, the standing wave is stored in the space
between the oxygen and hydrogen atoms, i.e. in a vacuum. Therefore, we
can apply formula (17) to determine the frequency of an electromagnetic
wave in a water molecule.

Fig. 1.
The gap between the oxygen and hydrogen atoms, where a
‒ 10
standing wave can pulsate, has a size of 10 𝑚 m - see Fig. 1.
Consequently, for her
𝑅 ≈ 5 ∙ 10 ‒ 11𝑚.
(18)
8

At a known speed of light in vacuum с ≈ 3 ∙ 10 from (17, 18) we find the
frequency of the electromagnetic field in the water molecule:
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8

ω = 3 ∙ 10‒ 11 3 ≈ 3 ∙ 1019𝑠 ‒ 1.
5 ∙ 10

(19)

The frequency f is related to this cyclic frequency ω by the relation
ω = 2π𝑓,

(20)

where do we find
ω ≈ 5 ∙ 1018 𝐻𝑧,
𝑓 = 2π

(21)

We define wavelength
𝑐 ≈ 10 ‒ 10𝑚.
γ=𝑓

(22)
Thus, the wavelength (22) and the radius of the region of existence of the
standing wave (18) are related by a relationship of the form:
γ
𝑅≈2
.
(23)
This means that the region of existence of a standing wave increases with
increasing wavelength or with decreasing frequency.
The own frequency of drug molecules is within
𝐿 = (1013 ÷ 1014)𝐻𝑧
(24)
- see [5], which is much lower than the frequency (21). Therefore, the
frequencies of drugs can modulate the frequency of the electromagnetic
field in a water molecule. We also note that the region of existence of a
7
standing wave with a frequency of a drug substance is approximately 10
times greater than the region of a standing wave in a water molecule compare (21) and (24).
It is known that electromagnetic radiation interacts with the
molecules of a substance, causing radiation or absorption of
electromagnetic radiation by the molecules of a substance at certain
frequencies [6]. Therefore, the molecules of a substance can interact
through electromagnetic radiation. A multiple enhancement of the effect
of such an interaction appears when the eigenfrequencies of the emitting
and absorbing molecules coincide. (In this one can see the homeopathic
principle of treating of the like by the like, where the similarity is
understood in the sense of similarity of frequencies, and not similarity of
chemical composition). It must be assumed that it is precisely the
frequencies of drugs that are the catalyst that affects diseased organs.
Therefore, water molecules that carry “drug frequencies” act in exactly
the same way as the drug substances themselves. This explains
paragraphs 1.1 and 1.2.
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4. The effect of high dilution.
Initially, subject to precautions in the solution, the number of drug
molecules M_0 significantly exceeds the number of impurity molecules
M_1. We write this fact in the following form:
𝑀0 = 𝑘𝑀1.
(25)
where k≫1. Accordingly, the number of water molecules 𝑉0, bearing the
drug frequency, significantly exceeds the number of molecules 𝑉1,
bearing the frequency of the impurity. We will record this fact in the
following form
𝑉0 = 𝑘𝑉1.
(26)
It was noted above that the region of existence of an
electromagnetic wave with a frequency of a drug substance is
approximately 100 times greater than the region of a standing wave in a
water molecule. Water molecules carrying any frequencies “charge” free
molecules with these frequencies. Due to the mobility of water
molecules, it can be assumed that all water molecules are charged of
various modulating frequencies and the same relation is preserved
between them (26). We denote
𝑞 = 𝑉0/𝑀0.
(27)
When diluting the solution and maintaining the same volume, the
number of molecules 𝑀0 and 𝑀1 decreases. However, the number of
water molecules remains the same and, as before, all water molecules are
charged. Therefore, after breeding
𝑞2 > 𝑞.
(28)
After many dilutions
𝑞2→∞.

(29)
𝑀0 and 𝑀1

From (28, 27, 25) it follows that the number of molecules
tends to zero. Consequently, the effect of impurities disappears. This
explains paragraph 1.4.

Modulation of a standing wave of water molecules by different
molecules of the same substance creates a phase difference of
electromagnetic waves in different water molecules. The therapeutic
effect depends on the total effect of all water molecules. Obviously, the
total effect of molecules with different phases is less than the total effect
of "in-phase molecules". Similarly to the previous one, it can be shown
that dilution increases the number of “in-phase molecules”. This explains
paragraph 3.
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5.Сonclusions
It follows from the above that
1. In water molecules, there are always intrinsic electromagnetic
waves, which persist in the form of a standing electromagnetic wave of a
certain high frequency.
2. This frequency is modulated by the intrinsic frequency of
substances dissolved in water. This frequency is much less than the
intrinsic frequency of water.
3. Water retains modulated electromagnetic waves in the absence
of the substance itself, which created such waves.
4. Water containing modulated electromagnetic waves affects the
body in the same way as the substance that created such waves.
5. Dilution of water with a therapeutic drug dissolved in it increases
the therapeutic effect and weakens the effect of impurities.
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THE INCIDENCE OF CONICITY IN THE
VOLCANIC ACTIVITY
Summary
From different aspects we intend to demonstrate the incidence of
the form in the different parameters of the Volcano's state, which is
assumed as an exponential cone. The thermostatic, thermodynamic,
chemical and optical aspects of the volcano assumed in the latter case as
an ideal black body are reviewed. We conclude that the volcano is a
physical-chemical device that "prepares" for an eruption, which is
imminent.
Background
The current interpretation of vulcanicity as a simple physical
phenomenon, consequence of the overflowing of a threshold of
saturation of the pressure of the gases, which is assumed to exit from the
very bowels of the earth, turns out to be simplistic.
The fact that the solid earth is the main vehicle of heat conduction,
the multiple experiences of which in full activity, in its furor, the volcano
reaches levels of radiation very superior to those of the simple molten
lava, and besides that many eruptions occur in a way that compromises
most of the volume of the cone of the volcano, are proof that in itself
the cone contributes to the volcanic activity and its conicity is the main
"active factor". Some independence between cone size and power
suggests that the explosion occurs near the crater.
Conceptual framework.
A longitudinal section of the cone through its axis of symmetry
summarizes the behavior of the temperature distribution, due to the
radial symmetry of the system. By reason of greater generality we study
the distribution of the temperature by the solution of the heat equation

1 ∙ ∂ϕ = ∂2ϕ + ∂𝑙𝑛𝑠 ∙ ∂ϕ
𝑐 ∂𝑡 ∂2𝑥
∂𝑥 ∂𝑥
of an exponential cone. S = S0e-αx
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1. Temperature Distribution.
The solution of the equation of heat in polar coordinates in steady
state for a plate of 45 degrees is given by:

2𝑈𝑜
𝑟
𝑈 = π (1 ‒ 𝑐𝑜𝑠
ϕ) ∙ 𝑐
for c the maximum value of the radius. since we are interested in the
proximity of the vertex:

𝑟 = 𝑐9 for ϕ = 45𝑜, 𝑈 = 𝑈𝑜( ‒ 0.02).
For the problem of border conditions

𝑈𝑚𝑎𝑥 = 𝑈𝑜 = 1
2
𝑈 = 1… +
2

π

∑( ‒ 1)

1 ≈ 0.49

𝑛

81𝑛𝑛

(Simulated in Wolfram alpha). which indicates that near the top the
temperature stays close to the average. In these results we have assumed
π

the values of the angle ϕ= 2 and r/c = 1/9.
This means that in ideal conditions when the density of the
material, specific heat and the temperature gradient with its coefficient of
thermal conductivity, and the conicity of the plate remain constant, in
such conditions: in the vicinity of the apex of the plate of the material the
temperature approaches the average value 1.2.
For different angles the heat distribution changes. The heat
equation for the exponential cone, with constant temperature gradient
and φ the thermal potential will be

1 ∙ ∂ϕ = ∂2ϕ + ∂𝑙𝑛𝑠 ∙ ∂ϕ
𝑐 ∂𝑡 ∂2𝑥
∂𝑥 ∂𝑥
1.1)
Assuming: ∂ ϕ / ∂x = const

S = S0 e-αx . We have

∂2ϕ + ∂𝑙𝑛𝑠 ∙ ∂ϕ ‒ 1 ∙ ∂ϕ = 0
∂𝑥 ∂𝑥 𝑐 ∂𝑡
∂ 2𝑥
∂𝑙𝑛𝑠 ∙ ∂ϕ = 𝐹(𝑥)
∂𝑥 ∂𝑥
Let's do

.

2

∂ ϕ ‒ 1 ∙ ∂ϕ =‒ 𝐹(𝑥)
2
𝑐 ∂𝑡
1.2) So: ∂ 𝑥
.
Suppose:
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1.3)

ϕ = 𝑋(𝑥) + 𝑇(𝑡)
Replacing 1.3) in 1.2) we have
'
𝑋'' ‒ 1
∙
𝑋𝑇
=‒ 𝐹(𝑥)
𝑐

but 𝐹(𝑥) =‒∝

'
𝑋'' ‒ 1
𝑐 ∙ 𝑋𝑇 =∝

Separating variables we finally have:

λ) + 𝑐 𝑥 + 𝑐 + 𝑐λ𝑡 + 𝑐
Φ = 𝑥2(α +
𝑜
1
𝑜
2
This indicates that the temperature will increase with the height
and with the time as it had been assumed from the beginning,
concentrating consequently in the vertex.
2. The ignition mechanism.
μ

= 𝑑𝑥
𝑑𝑟

The same equation for different values of the conicity,
,
μ
(defined as the tangent of the elevation of the mountain) = const,
locates the average temperature at different heights.
For greater generality and in order to synthesize the different cases
let's assume an exponential cone.
2.1) S = S0 e-αx
Webster's equation for stationary vibrations throws speed:
2.2) Vs(l) = eα l/2 the mechanical fluid is.
2.3) V(l) = eα l ( v*s = const ) which indicates that the shock wave is
given by
2.4) V(l)/ Vs(l) = eα l/2
But …. πr2 = π r02 e-αx
That is: r = r0 e-α x/2 or 1/r = 1 /r0 eαx/2
That is
2.5) (-2 /r0 α ) eα x/2
=μ
2.6) - 2 μ/ r0 α = eα x/2
( 6) y ( 4 ) produce the result:
2.7) V(l)/ Vs(l) = 2 μ/ r0 α
This indicates that the overpressure wave is opposite to the mechanical
displacement and proportional to the conicity.
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The minimum value of the mechanical speed for production of
overpressure wave is vm = v v . Then μm = -2/ r0 α and the angle at
which the overpressure zone starts is:
2.8) θ = arctan (2/ r0 α)
3. Adiabatic compression of the black body.
3.1) u = dU/dV
3.2) U = u*V
3.3) p = u/3
For u- radiant energy density and p the radiation pressure.
Result :
3.4)
p*V3/4 = const
.
Because the magma is highly viscous and that in conditions of
absence of outward flow this remains static, it can be assumed as a solid
body.
In such conditions : u = 6 kT
By the law of Wien: λT = const
Or: u = const/λ
Or: u const/λ
The wave is reflected before a type of obstacles of dimensions
comparable to the size of its wavelength, as well.
2r = λ
λ = 2 /r0 eαx/2 o sea: 1/ λ = eαx/2 r0/2
u μ
That explains the variations in the wavelength at different levels of
the lava pipeline and indicates that
the concentration of energy is determined solely by conicity.
4. The distribution of the detonator.
he volcano can be visualized as a zone fused between detonator
and "fuel". The "melt zone" process is isotropic, which is why it will be
determined only by the external conditions and the refinement
coefficient k will remain the same in the axial and radial directions.
For a simple cone
4.1) dnx/ (n0x –nx ) = k dh /h
4.2)
dnr/ (n0r –nr ) = k dr /r
That is : 4.3 nx/nr = μk
For: μ = h/r
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Which means that in the measure of the increase of the dimensions of the cone:
"n" (the concentration of detonating), it is distributed with greater axial intensity than
radially.
5. Conclusions
When approaching the vertex, the conditions and the probability of
reaction between detonator and fuel increase. The same can be said
about the axis of symmetry of the cone. About the concrete form of the
mathematical probability for the distribution of the temperature
according to the shape of the volume of the volcano the author refrains
from giving an opinion.
6. Discussion
We have assumed that the temperature gradient is constant and
equal to one. In reality this does not happen. But due to remaining
isolated from the external environment and under the only heat source
from the interior of the earth, equilibrium conditions can be assumed for
the system.

References
1. D. Zill, W. Wright Advanced mathematics for engineering. Mc
Graw Hill Mexico, 2012.
2. Rosenberg L.D., Kazantsev V.F., Makarov L.O, Yakhimovich
D.F. Ultrasonic cutting. Academy of Sciences of the USSR,
Moscow, 1962.
3. Bazarow I.P. Thermodynamics. Publ. “High School”, Moscow,
1991

40

The Papers of independent Authors

Volume 47, 2020

Series: PHYSICS
Solomon I. Khmelnik

ORCID: https://orcid.org/0000-0002-1493-6630
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1. Introduction
The existence of a flow of energy and momentum in an
electromagnetic wave is proved analytically due to the fact that the
electromagnetic energy of an electromagnetic wave changes in time. The
energy of a static field is constant in time. Therefore, the applicability of
the formulas obtained for any field is not obvious. The formulas for the
energy flux and momentum of a static electromagnetic field are
analytically derived below.

2. The energy flux density of the
electromagnetic field
2.1. Electromagnetic wave energy flux density
First, we consider a well-known method of obtaining a formula for
the energy flux density of an electromagnetic wave [1, 2]. The density of
electric and magnetic energy of a wave
41
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εε
𝑊𝑒 = 2о𝐸2
,
μμо 2
𝑊𝑚 = 2 𝐻
.

(1)
(2)

The total density of electromagnetic wave energy
εε 𝐸2 + μμо𝐻2)
𝑊=1
2( о

(3)

Because the
𝑊𝑒 = 𝑊𝑚

(3а)

𝐸 εεо = 𝐻 μμо.

(3b)

from (1-3) we have:
Consequently,

𝑊 = εεо𝐸2 = μμо𝐻2 = 𝐸𝐻

εεоμμо = 𝐸𝐻/с.

(3с)

Further from (3) we have:
𝑑𝑊 = 𝑑 εεо𝐸2 + μμо𝐻2 = εε 𝐸𝑑𝐸 + μμ 𝐻𝑑𝐻
о 𝑑𝑡
о 𝑑𝑡
𝑑𝑡 𝑑𝑡 2
2

(

) (

).

(4)

It follows from Maxwell's equations that
𝑟𝑜𝑡(𝐸) =‒ μμо𝑑𝐻
𝑑𝑡 ,
𝑟𝑜𝑡(𝐻) = εεо𝑑𝐸
𝑑𝑡 .

(5)
(6)

Consequently,
𝑑𝑊 = ( ‒ 𝐸𝑟𝑜𝑡(𝐻) + 𝐻𝑟𝑜𝑡(𝐸)).
𝑑𝑡

(7)

The law of conservation of field energy has the form
𝑑𝑊 =‒ 𝑑𝑖𝑣(𝑆)
𝑑𝑡
.

(8)

The mathematical dependence of the form is known:
𝑑𝑖𝑣(𝐻 × 𝐸) = 𝐸 ∙ 𝑟𝑜𝑡(𝐻) ‒ 𝐻 ∙ 𝑟𝑜𝑡(𝐸).

(9)

From (7-9) it follows that
𝑆 = 𝐸 × 𝐻.

(10)

From (3b, 10) we obtain

𝑆 = 𝑊𝑐.

(10a)

2.2. The energy flux density of a moving body with a static
electromagnetic field
Consider a design in which the electret and magnet create the
vectors E and H. An example of such a design is an electret
perpendicular to the magnet shown in Fig. 1a. In fig. 1c vectors of
velocity V, magnetic intensity H, electric intensity E, energy flux S are
shown.
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In this design, a static electromagnetic field with a density of
electromagnetic energy 𝑊 occurs. If this body moves with speed 𝑣, then
the energy moves at the same speed. According to the concept of Umov
[3], this means that there is a flow of electromagnetic energy with a
density
𝑆 = 𝑊𝑣.
(11)
In front of the frontal surface of a moving body, the intensities E

(𝑑𝐸, 𝑑𝐻)

and H change in time, i.e. derivatives of intensities exist 𝑑𝑡 𝑑𝑡 .
Therefore, the energy density 𝑊 on the frontal surface of the body
satisfies equation (4). To conserve energy, the density in other parts of
the body must also change. These varying intensities satisfy Maxwell's
equations (5, 6). From (4-6) follows, as shown in Section 2.1, equation
(10). Thus, in the construction under consideration, conditions (10, 11)
are satisfied.
The flow of energy is defined as

𝑆̅ = 𝑆𝑏,

(12)

where 𝑏 is the surface area emitting an energy flux. The flow 𝑆̅ is equal
to the power 𝑃 of the engine, which moves the body (in the absence of
friction). Consequently,

𝑆=𝑃
𝑏.

(13)
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From (11, 13) we find the density of electromagnetic energy
𝑊=

𝑃
𝑏𝑣 .

(14)

and electromagnetic energy of body

𝑊̅ = 𝑊𝑉 = 𝑃𝐿
𝑣

.
(15)
where 𝑉 = 𝐿𝑏 is body volume, 𝐿 - body length. From (15, 3) we obtain:
εεо𝐸2 + μμо𝐻2)
𝑊̅ = 𝐿𝑏
(
2

(16)

The kinetic energy of the body
2

𝑊̅ к = 𝑉𝑚𝑣
2 ,

(17)
where 𝑚 is body weight. In the absence of friction, all engine power is
spent on the creation of electromagnetic energy. Consequently,

𝑊̅ к = 𝑊̅

(18)

From (16-18) we obtain:

ρ𝑣2 = εε 𝐸2 + μμ 𝐻2
( о
)
о
𝑉𝑔

(19)

A moving body with a static electromagnetic field can be
considered as a moving packet of a static electromagnetic field. The
energy and energy flow (i.e. power) of this package remains constant.
The power of the engine which moves the body is partly the power
of the package, and partly can be spent on the compensation of
mechanical losses and other needs.
Formula (19) means that the density of the mechanical energy of
the body is equal to the density of the electromagnetic energy of a
moving packet of a static electromagnetic field. Thus, in a moving body
with a static electromagnetic field, the conversion of mechanical energy
into electromagnetic energy of a static electromagnetic field occurs.
In the static flow of electromagnetic energy, there is no conversion
of magnetic energy into electrical energy and vice versa, and therefore
there is no equality between the terms.
Let be

𝐸
𝐻 = β.
From (19, 20) we find:
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ρ𝑣2 = 𝐻2 εε β2 + μμ
( о
о)
𝑔
.

(21)

or

ρ𝑣2 = 𝐸2 εε + μμо
о
𝑔
β2 .

(

For β < 10

‒3

3
For β > 10

)

(21а)

ρ𝑣2 ≈ μμ 𝐻2 = 𝐵𝐻
о
𝑔
.

(22)

we have

we have

ρ𝑣2 ≈ εε 𝐸2 = 𝐷𝐸
о
𝑔
.

(22a)

Example 1.
In [7], a “Device for converting an electromagnetic momentum
into a mechanical momentum” was proposed, in which such a package is
created. In this device, a moving magnet creates electrical intensities
𝐸 = 𝑣𝐵 = 𝑣𝐻μμо.
(23)
Then

𝐸 = 𝑣μμ .
β=𝐻
о

(24)

From (21a, 23) we find:

)

) (

ρ𝑣 = 𝐸2 εε + μμо = 𝐸2 εε + μμо
о
о
𝑔
β2
(𝑣μμо)2
1
2 𝐶 2
2 𝐶 2
= εεо𝐸2 1 +
+
1
≈
εε
𝐸
2 = εεо𝐸
о
𝑣
𝑣
εεоμμо𝑣
.

(

(
)

(( )

)

()

(25)
From (21, 23) we find:

ρ𝑣2 = 𝐻2 εε β2 + μμ = μμ 𝐻2 εε μμ 𝑣2 + 1 =
( о
( о о
)
о)
о
𝑔
2
2
= μμо𝐻2 𝑣
𝑐 + 1 ≈ μμо𝐻 = 𝐻𝐵

(( )

)

.

(26)

From (25, 26) we find:

ρ𝑣2 ≈ εε 𝐸2 𝐶
о
𝑔
𝑣

()

2

≈ μμо𝐻2

.

(26а)

Find more
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2
εεо𝐸2 = εεо(𝑣𝐻μμо)2 = 𝐻2 𝑣
𝑐 ,

()

(27)

i.e. electrical energy can be neglected, i.e. packet energy density

𝑊 = 𝐻𝐵.

(28)

We also note that from (23, 28) it follows:

𝑆 = 𝐸𝐻 = 𝑣𝐵𝐻,

(29)

which coincides with formula (11).
2.3. Static electromagnetic field energy flux density
Formula (10) can be applied to a static electromagnetic field.
Feynman in [1] describes a speculative experiment in which an electric
charge and magnet are located side by side. It is stated that in
consequence (10), a stream of electromagnetic energy circulates around
this pair. Another example is a DC wire, which creates a static
electromagnetic field. The flow of electromagnetic energy also circulates
in this field, due to the existence of dependence (10). However, there is
no evidence of the applicability of formula (10) for a static
electromagnetic field.
We again use the formula (11). In a static electromagnetic field, we
know the electromagnetic energy density 𝑊 and the electromagnetic
energy flux density 𝑆. Therefore, we can determine the energy flux rate
𝑣 = 𝑊/𝑆.
(30)
In [8], some phenomena are substantiated on the basis of the
existence of a flow of electromagnetic energy in a static field. In [8,
chapter 5] on this basis, it is proved that the flow of energy in a direct
current wire moves inside the wire (and not outside it). In [8, chapter 5a],
on this basis, the operation of Milroy’s engine is explained. In [8, chapter
7] on this basis, it is shown that a flow of electromagnetic energy
circulates in a charged capacitor and this explains the nature of the
potential energy of the capacitor.

3. The momentum of the electromagnetic field
3.1. Electromagnetic momentum of the wave
First, consider the well-known method of obtaining the formula
for the momentum density of an electromagnetic wave [4]. The
momentum density is determined from the assumption that the energy
of an electromagnetic plane wave incident perpendicularly to the flat
surface of a weakly conducting body with dielectric and magnetic
permeabilities equal to unity is converted into the thermal energy of the
current excited in this body by this wave. It turns out that
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(31)

𝐽о

It is important to note that is a scalar quantity, not a vector.
In the system of Maxwell equations, Maxwell himself included an
equation of the form [5]
𝐵 = 𝑟𝑜𝑡(А).
(32)
Maxwell calls quantity A either an electromagnetic pulse at a point or a
vector potential of electric currents. Currently, this equation is not
included in the list of initial equations but is derived from the equation
𝑑𝑖𝑣(𝐵) = 0
(33)
and famous identity
𝑑𝑖𝑣(𝑟𝑜𝑡(А)) = 0
(34)
The value A is called the vector potential, and the electromagnetic
momentum is called that which has the dimension of a mechanical
electromagnetic momentum and is defined above. What Maxwell had in
mind when speaking of an “electromagnetic momentum at a point”
remains unclear. It can be assumed that Maxwell did not have time to
finish the thought. In the 80s of the last century, it was said that "God
himself wrote with the hand of Maxwell" [6].
We multiply both sides of equation (32) by the electric induction
vector D. Then we get:
𝐵 × 𝐷 = 𝑟𝑜𝑡(А × 𝐷).
(35)
It can be noted that these quantities have the dimension of momentum
density. Therefore, the vector-momentum
𝐽 = 𝑟𝑜𝑡(А × 𝐷),
(36)
we will continue to call the density of electromagnetic field and quantity
(31) is the modulus of this vector. So, from (35, 36) we get:
𝐽 = 𝐵 × 𝐷.
(37)
Electric and magnetic induction
𝐷 = εεо𝐸, 𝐵 = μμо𝐻.
(38)
From (36, 37, 10) we obtain:
εεоμμо𝑆 = 𝐽
(39)
or we get the well-known formula

𝑆 = 𝐽.
𝑐2

(40)
A momentum propagates along with a stream of energy at the same
speed.
3.2. The momentum of a moving body with a static
electromagnetic field
47
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So, the pulse propagates with the speed of energy flow and is
determined by (40). This ratio can be extended to any flow speed.
Therefore, it can be applied to the flow of a static electromagnetic field
existing in a body moving with a speed 𝑣. In this case
𝐽=

𝑆
𝑣 2.

(41)

𝑊𝑣
𝑣2 .

(42)

𝑆 = 𝑊𝑣 = 𝑊
𝑣
𝑣.
𝑣2

(43)

From (41, 30) we obtain:
𝐽=

From (41, 11) we obtain:
𝐽=

Electromagnetic momentum

𝐽̅ = 𝐽𝑉,

(44)

where 𝑉 is the volume of the electromagnetic field. Suppose that volume
𝑉 and body volume are the same. Then from (43, 44) we find:
𝐽̅ = 𝑊
𝑣 𝑉.
(45)
It follows from the law of conservation of momentum that when
an electromagnetic momentum appears, the body acquires an oppositely
directed mechanical momentum

𝑀̅ = ‒ 𝐽̅ .
(46)
̅
Therefore, the vector 𝑀 has the direction of the vector ( ‒ 𝑆), its module
|𝑀̅ | = 𝑊
𝑣 𝑉.
(47)
or

̅

|𝑀̅ | = 𝑊
𝑣,

(48)

where is the electromagnetic energy of the body

𝑊̅ = 𝑊𝑉.

(49)

Example 2.
We continue in Example 1. From (17, 18) we find

𝑊̅ = 𝑊̅ к = 𝑉𝑚𝑣
2
From (48, 50) we find
48
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.
|𝑀̅ | = 𝑉𝑚𝑣
2

(51)

3.3. The momentum of a static electromagnetic field
In this case, from (30, 41) we obtain
2
𝐽 = 𝑆2 = 𝑆 2 = 𝑊
𝑆 .
𝑣
(𝑆/𝑊)

(52)
Thus, even in a static electromagnetic field, an electromagnetic
momentum exists. As already mentioned, it follows from the law of
conservation of momentum that when an electromagnetic momentum
appears, the body acquires an oppositely directed mechanical momentum

𝑀̅ = ‒ 𝐽̅ .

(53)
Therefore, in a motionless body with a static electromagnetic field, there
is a mechanical momentum.
Example 3
Let's consider fig. 2, which shows an electrically conductive magnet
of length L with induction B, along which current I flows. In this case, an
Ampere force should occur
𝐹𝐴 = 𝐿 ∙ 𝐼 × 𝐵
(54)
Experiments show that this force is absent.

B
a

F

I
b
Рис. 2.

The electric and magnetic fields in this magnet are defined as
𝐸 = 𝑟 ∙ 𝐼,
𝐻 = μ𝐵,

(55)
(56)
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where 𝑟, ∙ μ is the resistance and absolute magnetic permeability of the
magnet. From (10, 54-56) we find the flux density of electromagnetic
energy:

𝑆 = 𝐸 × 𝐻 = μ𝑟 ∙ 𝐵 × 𝐼 =‒ μ𝑟
𝐿 𝐹.

(57)
From formula (58) it follows that two oppositely directed pulses
act on the momentum:
1. an electromagnetic pulse J, depending on the flow of
electromagnetic energy S according to (52), and applied to the
free electrons of the current;
2. mechanical impulse M, depending on the Ampere force F and
applied to the atoms of the magnet body.
Since these impulses are equal, oppositely directed (see (53)) and
act on the elements of the same body, the magnet remains at rest.
Example 4
Consider the Faraday unipolar motor and select the radius in it that
is currently attached to the contact. This radius can be considered as a
permanent electrically conductive magnet (shown in Fig. 2) connected by
point “a” to the contact and point “b” to the axis.
1. If the contact is constantly attached to a given radius during
rotation of the disk, then the force will not act on this radius.
2. If the contact slides along the periphery of the disk, then a force
acts on the radius connected to the contact.
These facts are established experimentally and are formulated as a
paradox of a unipolar engine. Experiment 1 is explained in Example 3.
Experiment 2 can be explained as follows.
In this case, as in example 3),
1. an electromagnetic momentum J applied to free current
electrons;
2. mechanical impulse M applied to the atoms of the magnet body
(disk).
In this case, the magnet body is not rigidly connected to the current line,
i.e. with free electrons - a mechanical impulse moves the magnet away
from the streamline in the direction opposite to the direction of rotation
of the magnet.
3.4. Electromagnetic mass of a static electromagnetic field
Since there is a mechanical momentum in a motionless body with a
static electromagnetic field (53), a mass current exists in this body. This
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current, of course, is not related to the actual movement of the mass
"from point A to point B". Such a mass current can be compared with an
electric current, where a separate charge does not move from the
beginning to the end of the wire or compared with a heat flux, where
there are also no macro-movements of air particles.
The existence of a mechanical momentum means that in the body
a certain mass moves with speed, i.e.

𝑀̅ = 𝑚𝑣̅ ,

(58)

where 𝑣̅ is the energy flow rate. From (52, 53, 58) we find:

1=𝑊
𝑣 𝑆,
𝑆= 𝑆
𝑣2 = 𝑆𝐽 = 𝑀
𝑚𝑣

(59)
(60)

or

𝑚 = 𝑆3 = 𝑆 𝑊
𝑆
𝑣

( )

3

3

= 𝑊2 .
𝑆

(61)
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Information transfer in biological systems
by water and air
Annotation
It is shown that in molecules of water and air there can exist a
bulk standing electromagnetic wave of high frequency. This wave can
be modulated by the organs of the bioorganism. A wave modulated in
this way can propagate through the water and air and affect the organs
of another bioorganism. It is shown that such a wave propagates
without energy loss. Based on this, it is shown that a highly organized
structure comparable in reasonableness with the brain of an animal can
exist in the air. Such a structure may be the collective brain of a
community of bioorganisms.
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1. The electromagnetic volume standing wave.
It was shown in [1, 2] (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. In a
Cartesian coordinate system, the solution has the form
𝐸𝑥(𝑥,𝑦,𝑧,𝑡) = 𝑒𝑥cos(α𝑥)sin(β𝑦)sin(γ𝑧)sin (ω𝑡),
(2)
𝐸𝑦(𝑥,𝑦,𝑧,𝑡) = 𝑒𝑦sin(α𝑥)cos(β𝑦)sin(γ𝑧)sin (ω𝑡),
(3)
𝐸𝑧(𝑥,𝑦,𝑧,𝑡) = 𝑒𝑧sin(α𝑥)sin(β𝑦)cos(γ𝑧)sin (ω𝑡),.
(4)
𝐻𝑥(𝑥,𝑦,𝑧,𝑡) = ℎ𝑥sin(α𝑥)cos(β𝑦)cos(γ𝑧)cos (ω𝑡),
(5)
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𝐻𝑦(𝑥,𝑦,𝑧,𝑡) = ℎ𝑦cos(α𝑥)sin(β𝑦)cos(γ𝑧)cos (ω𝑡),

(6)
(7)
𝐸
,𝐸
,𝐸
𝐻
,𝐻
,𝐻
where 𝑟 ϕ 𝑧 are the electric intensities, 𝑟 ϕ 𝑧 are the magnetic
intensities, 𝑒𝑥,𝑒𝑦,𝑒𝑧,ℎ𝑥,ℎ𝑦,ℎ𝑧 are the constant amplitudes of the intensities,
α,β,λ are the constants, ω is the frequency. These quantities are related by
the following equations:
ℎ𝑧 = 0.
(8)
𝐻𝑧(𝑥,𝑦,𝑧,𝑡) = ℎ𝑧cos(α𝑥)cos(β𝑦)sin(γ𝑧)cos (ω𝑡),

𝑒𝑥 =‒ 𝑒𝑧

γα
α2 + β2 .

β
𝑒𝑦 = 𝑒𝑥 α
,
εω
ℎ 𝑦 = 𝑒𝑥 γ
,
εω
ℎ𝑥 =‒ 𝑒𝑦 γ .
γ = μω,
ω=

(9)
(10)
(11)
(12)
(13)

γ 2 + α2 + β2 .
εμ

(14)

α = β = γ.

(15)

Constants for cube
The length of the half-edge of the cube is defined as
𝑅=π
α.
Then the formula for frequency in a vacuum takes the form
ω = 𝑐π
𝑅 3,

where

(16)
(17)

с ≈ 3 ∙ 108𝑚/𝑠

is the speed of light in vacuum.
A standing wave is not emitted through the faces of the cube 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 [2-4], well-known experiments
and natural phenomena are considered, which serve as proof of the
existence of such a keeper.
2. Electromagnetic standing wave in the molecules of water,
nitrogen, and oxygen
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. 1.
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Molecules of nitrogen and oxygen in the air are also the volume
that stores a standing wave. In this case, the standing wave is stored in
the space between the atoms of these molecules, i.e. in a vacuum.
Organic molecules are combined into organs in such a way that the
relative position of these molecules remains unchanged. In this case, a
‒9
free vacuum space with linear dimensions of about 3 ∙ 10 m remains
between the molecules. A standing wave also appears in this stable
volume.

Fig. 1.
Thus, it is possible to indicate stable volumes where a standing
electromagnetic wave can be located. These options are listed in the
table. 1. In a first approximation, we assume that these volumes have a
cubic shape with the length of the half-edge R. This value is easily
determined by the known linear sizes of the listed volumes - see table. 1.
Since the body standing electromagnetic wave in all these cases is
in a vacuum, the frequency of this wave can be determined by the
formula (17). The frequency f is related to this cyclic frequency ω by the
relation
ω = 2π𝑓.
(20)
From (17, 20) we find
ω = 𝑐 3.
𝑓 = 2π
2𝑅

(21)

We also determine the wavelength from (21):
𝑐 = 2𝑅.
γ=𝑓
3

(22)
Thus, the wavelength (22) and the half-edge of the cubic region of the
existence of a standing wave are related by a relation of the form:
3
𝑅 ≈ γ2
.
(23)
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Table 1.
Water
𝐻2 𝑂

The distance
between the
molecules (𝑚)
Molecule Size

Nitrogen
𝑁2

Oxygen

Biological
organ

𝑂2

.

3 ∙ 10 ‒ 9.

3 ∙ 10 ‒ 9.

3 ∙ 10 ‒ 10

3 ∙ 10 ‒ 10

3 ∙ 10 ‒ 10

10 ‒ 8

Between
oxygen
and
hydrogen
atoms
53 pm

Between
nitrogen
atoms

Between
oxygen
atoms

Between
organic
molecules

56 pm

48 pm

0.9584 A

1.095 A

1.2074 A

3 ∙ 10

‒9

3 ∙ 10

‒9

(𝑚)

Location of the
standing wave
region
Atom radius
‒ 12
(pm=10 𝑚)
nteratomic
distance
‒ 10
A =10 𝑚
𝑅(𝑚)
ω (𝑠 ‒ 1 )
𝑓(𝐻𝑧)
γ(𝑚)

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

1.5 ∙ 10 ‒ 9
5 ∙ 1016
1016
3 ∙ 10 ‒ 8

3. Information transfer in water and air
We preliminary 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, the molecules of a
substance can interact through electromagnetic radiation. A multiple
enhancement of the effect of such an interaction appears when the
eigenfrequencies of the emitting and absorbing molecules coincide.
Therefore, we can assume the existence in the body of generators of a
certain frequency GF and receiver-analyzers of frequency AF.
At the same time, numerous works are known in which it is shown
that all organs of animals and humans emit electromagnetic waves. These
emissions are used in medical diagnostics.
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The distance between the molecules of water and air is constantly
changing. But the distance and volume between the molecules of organic
matter in the body remain constant. This volume is usually filled with socalled free water, which is located in the intercellular spaces, vessels,
vacuoles, organ cavities. Such water flows from the cells when they are
dissected (and therefore called free). The volumes of the standing wave
(with frequency ω𝑣) in water molecules are simultaneously in the
intermolecular volume of the standing wave of organic matter (with
frequency ω𝑜). For brevity, these waves will be called the ω𝑣 ‒ wave and
the ω𝑜 ‒ wave. Since ω𝑜 ≪ ω𝑣, the ω𝑣 ‒ wave is modulated by the
frequency of the ω𝑜 ‒ wave.
So, free water molecules contain a modulated standing wave,
which we will call the ω𝑣𝑜 ‒ wave. The frequency of the ω𝑜 ‒ wave
depends on the type of surrounding organic molecules and on their state.
This wave is polychromatic since the region of this wave is not cubic.
The shape of this region affects the wave spectrum in the ω𝑣𝑜 ‒ wave.
However, the shape of this region depends on the type of organic
molecules surrounding this region, and on the state of these molecules. It
can also be assumed that there is a GF generator (mentioned above) in
the generating organ. It can be used as a modulator of the ω𝑣 ‒ wave.
Therefore, we can say that a water molecule with a ω𝑣𝑜 ‒ wave carries
information about the state of a particular organ. We will call such
molecules information molecules of water, and the organ that
generates such molecules will be called the generating organ.
One way or another, the generating organ forms the information
molecules of water.
So, free water contains informational molecules. Free water serves
to transfer substances from the environment to the cell and vice versa.
Therefore, free water with information molecules is mixed with the
surrounding water. Information frequencies are emitted by an
information molecule because a water molecule can only retain its
frequency ω𝑣. If an information molecule enters the surrounding water,
then this radiation of the information molecule enters the neighboring
non-information molecules of the surrounding water. The latter at the
same time become informational. In this way, information is distributed
from the bio-organism through the surrounding water. Of course, part of
the radiation does not find the receiver molecule and is lost in space. But
the organ-transmitter works constantly and therefore it can be assumed
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that the concentration of information molecules is large in a large area
surrounding the organ-transmitter.
Suppose that two organisms A and B live in the same aquatic
environment. Suppose further that an informational molecule from a
certain generating organ A (belonging to organism A) enters another
organ B (belonging to organism B). Suppose that organ B has a
frequency receiver-analyzer AF (mentioned above). Then the information
radiation of this molecule can be recognized and organ B will carry out
the corresponding reaction. Thus, organism B received information from
organism A and reacted to this information.
So, in an aquatic environment, organisms can exchange
information. In the same way, organisms can exchange information in
the air. Indeed, from table 1 it follows that the nitrogen and oxygen
molecules have similar characteristics with water molecules - the size of
the molecule and the interatomic distance. Volumes filled with air can be
on the surface of the body. For example, regular microroughness on the
wings of beetles can create such volumes. The role of free water is played
by “free air”. Each peculiar shape of such volumes determines its
frequency of the ω𝑜 ‒ wave. In this case, the beetle continuously generates
a spectrum of ω𝑜 ‒ waves specific for this species. This transfer of
information is used in the search for partners for procreation.
4. Bio-organism communities
So, bio-organisms located in an aqueous or air environment can
exchange information over long distances without the cost of energy to
transmit information. At the same time, there are no reasons
prohibiting such an exchange of information between bio-organisms of
various types, for example, from a predator to a person who can feel the
approach of a predator. There are also no reasons prohibiting such an
exchange of information between bio-organisms, one of which lives in
water and the other in the air.
A special class is made up of such organisms that can exist only in
the form of communities with the obligatory exchange of information
without any tactile, visual, acoustic, olfactory contact. I immediately recall
ants and bees, but the person is probably also from this class of
bioorganisms.
In [6], the behavior of the anthill is described and, based on the
analysis of numerous observations and experiments, it is convincingly
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shown that the anthill has a brain. The role of neurons in this brain is
performed by ants. A distributed brain exists, however, as the author
notes, "many years of research on ants (and other collective insects) have
not found any powerful information transfer systems." This question was
asked in the first book on biological radiocommunication [7], where the
author writes, “Only one causes a feeling of deep surprise. This is an
insignificantly small power of the energy radiated by the brain during the
act of transmitting feelings and experiences to a distance.” We show that
in our case there is an answer to these questions.
In technical systems, the power of the carrier frequency in a
modulated wave decreases with distance. At the same time, the power of
the modulating frequency decreases, i.e. this power is part of the carrier
frequency power. It can be argued that while maintaining the power of
the carrier frequency, regardless of the distance, the power of the
modulating frequency is also preserved. We can say that in this case, the
receiver is always next to the transmitter. However, in technical systems,
it is impossible to ensure such proximity. In our case, the carrier
frequency — the frequency of the ω𝑣 ‒ wave — is evenly distributed in
space. The modulating frequency of the ω𝑜 ‒ wave “glides” along with the
carrier frequency. Attenuation can only be caused by the fact that the
carrier frequency is quantized in space. In this case, the ω𝑜 ‒ wave
“glides” along the islands-molecules - carriers of the carrier frequency,
attenuating in the voids between them. However, repeated repetition of
the ω𝑜 ‒ wave with a time shift (and, therefore, phase) at the input of the
receiver allows it to restore the signal with high accuracy. As observations
on the same anthill or bugs looking for love show, communication
efficiency persists for kilometers.
The foregoing is illustrated in fig. 2, where shown
1. ω𝑣 ‒ wave,
2. ω𝑜 ‒ wave,
3. modulated wave ω𝑣𝑜 ‒ wave obtained if standing ω𝑜 ‒ waves
would cover space without gaps,
4. modulated wave is a ω𝑣𝑜 ‒ wave obtained when standing
ω𝑜 ‒ waves are located in space with gaps.
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Fig. 2.
A volume filled with water or air can be created by inanimate
nature. Such a volume will also transmit information to the environment.
Transmit aimlessly ... However, there may be organisms that need just
such information to trigger some internal processes. I immediately recall
the pyramids, amulets ...
5. Distributed brain
So, from the previous, it follows that there is a distributed brain of
the anthill and the neurons of such a brain are ants. There are no reasons
for the appearance of a distributed brain in any other community of
bioorganisms. There are also no reasons limiting the mind of such a
brain. Consider the features of the distributed brain (DB).
1. DB consists of many neuron-like elements, which we will
hereinafter call independent and capable of activity neurons
(ICAN)
2. The feature of the ICAN lies in the fact that they are physically
autonomous and can operate to a certain extent, regardless of
the DB.
3. IN are united by information communication channels and,
thereby, create DB.
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DB does not exist as a physical object.
In the process of its rational activity, the DB sends “leading”
information signals (LIS) to individual IN. These signals
determine the purpose of the independent actions of the
ICAN.
It is important to note that the body sending the LIS is
physically absent. One of the ICAN-1 under the action of LIS1 sends LIS-2 to another ICAN-2.
The simplest ICANs do not realize their connection with the
DB and their participation in the activities of the DB.
It must be assumed that DB can be compared by
reasonableness with the brain of an animal.

There is no reason to believe that only social insects can be
independent neurons in the DB. Animals can also be independent
neurons. A distributed brain is present not only in a swarm of bees and
anthill but also in a flock of birds, a school of fish, a herd of herbivores
and a pack of predators. Without such an assumption, it is difficult to
explain the coordinated movements of a school of fish or a huge flock of
birds, which retains its shape not only during a purposeful flight but also
in preparatory whirling. Recently, fireworks of hundreds of drones
controlled from a single center were demonstrated in China. The
consistency of whirling a flock of birds is comparable to the consistency
of whirling of this "flock" of drones. So, there is a flock behavior in the
absence of a "boss". Such behavior is often considered as a manifestation
of some egregore. DB flocks is this egregor. The bird at the head of the
flock is the very ICAN-1 which, under the action of LIS-1, sends LIS-2
to all other ICAN-2 - to all other birds of the flock.
A team of something united peoples (emotionally, informationally
or organizationally connected) can also create a DB or an egregor. The
existing idea of egregors is the idea of "the collective unconscious reproduced by
egregors as energy-informational complexes representing ... the forms of being of
archetypes in psychology" [8]. Simply put, this is something unconscious,
existing in the form of an energy-information complex, the structure of
which is out of the question. The author does not want to use this phrase
to belittle the existing theory [8] - on the contrary, it strikes with a depth
of analysis of the behavior of this collective unconscious and makes one
doubt in the unconsciousness of egregors. The above is an attempt to
come closer to understanding the physical structure of egregor, as an
energy-information complex.
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Man-ICAN may also, like an ant, not be aware of his connection
with DB. But some people sometimes feel this connection, not
understanding where the information comes from and not completely
understanding its meaning. Sometimes the same information comes to
several people - then they say that "thoughts hovers in the air."
Sometimes information comes (in a tense, emotional, unconscious
request) in a dream (like Mendeleev). Apparently, it is in a dream that the
human brain participates in the “socially useful” work of the DB.
Many prominent scientists have argued that consciousness exists
outside the brain. So, John Eccles, the largest modern neurophysiologist
and Nobel laureate in medicine, also believes that the psyche is not a
function of the brain. Together with his colleague, neurosurgeon Wilder
Penfield, who performed more than 10,000 brain operations, Eccles
wrote the book "The Secret of Man". In it, the authors directly declare
that they "have no doubt that SOMETHING is located outside the limits of his
body." Professor Eccles writes: “I can experimentally confirm that the work of
consciousness cannot be explained by the functioning of the brain. Consciousness exists
independently of it from without.” [9]
In view of the foregoing, it can be argued that consciousness exists
in the form of DB. The more developed the consciousness of DB, the
more developed the consciousness of each individual, and the more
developed the consciousness of the individual, the more developed the
consciousness of DB. Then it becomes obvious that for the existence of
a developed universal human consciousness it is necessary,
• numerous humanity,
• consisting of smart individuals,
• united civilization,
• Earth with an air shell.
It follows, in particular, that
• education must be universal,
• the notorious golden billion will not last long (like Mowgli in the
jungle),
• man in space is not capable of creative activity.
6. Conclusion
1.
It is shown that in molecules of water and air there can
exist a bulk standing electromagnetic wave of high
frequency.
2.
This wave can be modulated by the organs of the bioorganism.
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A wave modulated in this way can propagate through the
water and air and affect the organs of another bioorganism.
It is shown that such a wave propagates without energy
loss.
Based on this, it is shown that a highly organized structure
can exist in the air.
In such a structure, a separate bio-organism performs the
functions of a neuron.
Such a structure may be the collective brain of a
community of bio-organisms.
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Quantum defect and common
fractions
The common fractions N1/N2, where N1 and N2 – the small
integers, quite often are used at the quantum-mechanical consideration of
microcosm objects (for example, fractional charges of quarks and some
quantum characteristics, such as particles spin).
Recently the fractional quantum Hall effect was discovered, and
common fractions have considerably expanded their presence in
microcosm physics.
The theory of the fractional quantum Hall effect has appeared
nontrivial, so the Nobel Prize on physics in 1998 was awarded not only
for discovery of the effect in 1982 (Daniel Tsui and Horst Stӧrmer) but
also for the theory creation in 1983 (Robert Laughlin).
And now one more sensational discovery: common fractions were
«detected» at the analysis of experimental characteristics of hydrogen-like
atoms and ions (with only one electron on an outer shell). It has
appeared, that the effective main quantum number of outer shell
electron, that is, subject to quantum defect (Rydberg correction), can be
expressed in common fractions.
The main quantum number n of hydrogen atom can be defined
directly from the formula for electron energy [1]
me 4 1
E 2 2.
(1)
2h n
However hydrogen-like atoms with only one external electron have
very complex spectra. In particular, in [1] (§68) we find the following
reasoning:
«Other atoms have states reminding hydrogen. It is a question of
highly excited states in which one electron possesses greater main
quantum number and consequently is at essentially greater distance from
the atomic core. Such electron movement can be considered, in some
approach, as movement in Coulomb field of the atomic core with unit
effective charge. Values of energy levels, however, appear too inexact,
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and it is necessary to make the correction taking into account a deviation
of a real field at small distances from ideal Coulomb field».
«… we can conclude that the expression for energy levels is to be
changed by replacement of the radial, that is, of the main quantum
number n on (n + Δi), where Δi - is some constant (so-called Rydberg
correction):
me 4
1
E 2
.
(2)
2h (n   i ) 2
Rydberg correction does not depend (by the definition) on n, but
is, certainly, the function of azimuthal quantum number l of electron
(which we attribute to Δ in the form of an index), and also depends on
moments L and S of atom as a whole. When L and S are fixed, Δi rapidly
decreases with increase of l. The more is l, the less is the time which
electron spends near atomic core and that is why levels of energy should
come nearer and nearer to hydrogen».
Rydberg correction (quantum defect) is determined empirically,
while its theoretical calculation meets with great difficulties.
However in the last few years the analysis of the experimental data
stored during previous decades has shown [2], that effective main
quantum numbers of external electron n* = (n + Δ i), that is, subject to
quantum defect, appear close to values of common fractions n* ≈
N1/N2, where N1 and N2 – the small integers.
Let's consider in detail this experimental law using characteristics
of atoms and ions with only one external electron in not excited state. In
this case external electron is most close to the atomic core and its
influence on electron movement is particularly great.
Actual (effective) number n* of hydrogen-like atoms, proceeding
from (2), can be expressed in terms of ionization potentials:
1/ 2

 13,6 
 .
n*  
(3)

 i 
Here φi - ionization potential of considered atom, 13,6 eV – ionization
potential of hydrogen atom.
In more general case of hydrogen-like ion with the charge of
atomic core ze formula (3) takes the form:
1/ 2

 13,6 z 2 
 .
n*  
(4)
 i 
Formula (3) evaluation (using the known experimental data φi [3]) is
shown in table 1. Common fractions most close to n* are shown Ibid:
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N1
,
(5)
N2
Where N1, N2 – the small integers got by trial-and-error procedure.
As it was stated above, the table 1 presents characteristics of not
excited state of the single external electron of atoms.
n

Table 1
Atom Li

Na

φi, eV 5,39

5,138 4,339 3,893 4,176 7,574

K

Cs

Rb

Ag

Pt

Nb

Fr

8,96

6,88

3,98

n*
1,588 1,627 1,770 1,869 1,805 1,340 1,232 1,406 1,849
n*
≈ 19/12 13/8 23/13 15/8 9/5 4/3
16/13 7/5 24/13
N1/N2 (1,583) (1,625) (1,769) (1,875) (1,80) (1,333) (1,231) (1,40) (1,846)
For selection of concrete values of the numerator and the
denominator of common fractions (5) it is convenient to use auxiliary
table 2.
In the table N2 limitation up to 13 inclusive was accepted.
Under each value of denominator N2 (from 2 up to 13) in columns
there are values of fractions N1/N2 within the limits from 1 to 2, used to
determine common fraction nearest to each concrete experimental value
of the main quantum number.
As an example in table 2 red color marks out values of common
fractions most close to values of effective main quantum numbers n *,
presented in tab. 1.
Similar characteristics of hydrogen-like ions with the core charge
equal to two and three electron charges (z=2, z=3), calculated in
accordance with the formula (4), are presented in tables 3 and 4.
In spite of the fact that some values n* in tables 3 and 4 exceed 2,
auxiliary table 2 also can be used, as at increase in numerator N1,
obviously, there is a periodic increase of fraction N1/N2 by unit, so that
corresponding decimal digits are repeating itself.
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Table 2. Values of common fractions n=N1/N2 within the limits
1≤n≤2, when N2 ≤13.
2

3

4

5

6

7

8

9

10

11

12

13

1

1

1

1

1

1

1

1

1

1

1

1

1,5 1,333333 1,25 1,2 1,1666671,1428571,1251,111111 1,1 1,0909091,0833331,076923
2

1,666667 1,5
2

1,4 1,3333331,285714 1,25 1,222222 1,2 1,1818181,1666671,153846

1,75 1,6
2

1,5

1,4285711,3751,333333 1,3 1,272727

1,25

1,230769

1,8 1,6666671,571429 1,5 1,444444 1,4 1,3636361,3333331,307692
2

1,8333331,7142861,6251,555556 1,5 1,4545451,4166671,384615
2

1,857143 1,75 1,666667 1,6 1,545455
2

1,5

1,461538

1,8751,777778 1,7 1,6363641,5833331,538462
2

1,888889 1,8 1,7272731,6666671,615385
2

1,9 1,818182
2

1,75

1,692308

1,9090911,8333331,769231
2

1,9166671,846154
2

1,923077
2

Table 3
Ion
(z=2)

Be+

Mg+

Ca+

Sr+

φi, eV 18,21 15,03 11,87 11,026
n*

Ba+
10

Cd+

Ra+

Fe+

La+

16,904 10,144 16,18 11,43

1,728 1,902 2,141 2,221 2,332 1,794 2,316 1,834 2,182

n* ≈ 19/11 19/10 15/7
20/9
7/3
9/5 30/13 11/6 24/11
N1/N2 (1,727) (1,9) (2,143) 2,222 (2,333) (1,8) (2,308) (1,833) (2,182)

Table 4
Ion (z=3)

B++

Al++

Sc++

Y++

In++

φi, eV

37,92

28,44

24,75

20,5

28

n*

1,797
9/5
(1,8)

n* ≈ N1/N2
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2,075
2,224
2,444
2,091
27/13
20/9
22/9
23/11
(2,077) (2,222) (2,444) (2,091)
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But then quite natural question arises: whether the numbers
presented in table 2 locate too densely on a number axis and
consequently whether we deal here with random coincidence of
fractional numbers with corresponding experimental values n*?
To check up this assumption, all the set of fractional numbers of
table 2 was sorted in ascending order. Further, this sequence of numbers
was presented in the form of a rising curve with the markers
corresponding to these numbers, and experimental values of the main
quantum numbers were represented in the form of the horizontal lines
crossing this curve.
In fig. 1 such visual representation of characteristics of atoms with
the only one external electron in nonexcited state, recited in tab.1, is
shown.

Fig.1. Effective main quantum numbers of hydrogen-like atoms (tab. 1)
are shown as horizontal lines. Common fractions (N2 ≤ 13) are
represented as markers on a rising curve (tab. 2).
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Visual data representation, really, has appeared an effective tool to
prove a nonrandom character of the discovered experimental law.
On the other hand, it became clear, that limitation N2 ≤ 13 is quite
sufficient for such analysis.

Fig.2. Effective main quantum numbers of hydrogen-like ions (z=2, tab.
3) are shown as horizontal lines. Values of common fractions (N2 ≤ 13)
are represented as markers on a rising curve. Integer parts of numbers are
omitted.
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As limitation on denominator N2 determines the density of
distribution of fractions values on a numerical axis, and increase of N1
just periodically increases value of N1/N2 by unit, so on fig. 2 and
subsequent figures only fractional parts of numbers are shown (the whole
parts of numbers are omitted).

Fig.3. Effective main quantum numbers of hydrogen-like ions (z=3, tab.
4) are shown as horizontal lines. Values of common fractions (N2 ≤ 13)
are represented as markers on a rising curve. Integer parts of numbers are
omitted.
69

Physics
Let's notice that visual data representation and use of auxiliary tab.
2 has given an opportunity to correct some common fractions correlated
in earlier work [2] with effective main quantum numbers of «hydrogenlike states».
For additional check of the discovered experimental law
characteristics of some others hydrogen-like ions, including ions with
great degree of ionization, have been analyzed.
Results of these calculations are presented in tab. 5, 6 and fig. 4, 5.
Table 5
Ion

Si+++

P++++

z

4

5

6

7

7

8

φi, eV

45,13

65,01

88

114,2

104

143,4

n*
n* ≈ N1/N2

S+++++ Cl++++++ J++++++ Ar+++++++

2,196 2,287 2,359 2,416 2,531 2,464
11/5
16/7 26/11 29/12 33/13 32/13
(2,2) (2,286) (2,364) 2,417 (2,538) (2,462)

Table 6
Ion
z

Hg+ Sn +++ Pb+++ Sb ++++ Bi++++
2

4

φi, eV18,751 46,4

Te

Xe

+++++

Po+++++

+++++++

4

5

5

6

6

8

39

63,8

56

83

73

126

n* 1,703 2,166 2,362 2,308 2,464 2,429 2,59 2,628
n* ≈ 17/10 13/6 26/11 30/13 32/13 17/7 31/12 21/8
N1/N2 (1,7) (2,167) (2,364) (2,308) (2,462) (2,429) (2,583) (2,625)

As it was before, characteristics of hydrogen-like ions with most
different degrees of ionization confirm the affinity of effective main
quantum numbers of the single external electron to values of common
fractions N1/N2 with rather small denominator (N2 ≤ 13).
Visual representation of these ions characteristics against the
background of common fractions sequence with all evidence has
confirmed not random character of experimental law under study.
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Fig.4. Effective main quantum numbers of hydrogen-like ions (tab. 5)
with most different degrees of ionization are shown as horizontal lines.
Values of common fractions (N2 ≤ 13) are represented by markers on a
rising curve. Integer parts of numbers are omitted.
It is necessary to emphasize especially, that as well as any law of
nature, the discovered property of «hydrogen-like states» can have
exceptions (as it, for example, takes place in Mendeleev periodic table),
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and in addition various degree of accuracy at experimental check turns
up. But such «deviations» do not cancel the law; on the contrary, it
stimulates further researches as it actually always was in physics progress
over the last decades.

Fig. 5. Effective main quantum numbers of hydrogen-like ions (tab. 6)
with a different degree of ionization are shown as horizontal lines. Values
of common fractions (N2 ≤ 13) are represented by markers on a rising
curve. Integer parts of numbers are omitted.
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The discovered experimental law has caused many assumptions in
regard to its physical nature and provoked discussion on possible atom
theory progress.
We intentionally do not mention here any considerations about the
possible physical mechanism of the described phenomenon and
consequences for the theory development; we limit us only to the analysis
of experimental data so that not to distract the reader from the subject in
fact.
However the discovery of the not known before atoms and ions
property, connected with features of interaction of external electron with
the core, undoubtedly, is one of the most important events in the
modern atom physics.
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The young resonance solar system
Annotation
A version of mathematical description of the young
resonance Solar system is offered in this work. This corresponds to
studies of ancient researchers who have treated the World in the
framework of the slender whole that obeys to the laws of harmony
and number. Some questions still remaining unanswered in the
official astrophysics are explained. A version of stability of the
Solar system during billion years is also offered. It is assumed that
at end T-Taurus stage the roving planet was thrown into the Solar
system between the San and Jupiter at the moment of their closest
approach. As a result, it violated the limits of Roche and was torn
apart into many fragments. All the bodies of the Earth Group and
the belt asteroids were created from them.

Contents
1. Introduction
2. Theoretical backgrounds
3. Conclusions
References
1. INTRODUCTION
Heraclitus of Ephesus has assumed several Millenniums ago that
the basis of all things is the harmony of vibrations in the Universe. At
first glance, the World seems a chaos but in fact, the game of elements
represents "the nicest harmony". Plato has believed that the world
harmony can be expressed in numerical proportions. Pythagoras has
claimed that the World is one. This unity of the World was created by
rhythms and these rhythms are determined by a number.
The subject of the teaching of Pythagoras was the World as a
harmonious whole, subject to the laws of harmony and number. Kepler
has believed that numbers and geometry can explain the location of
planetary orbits. It is known that numerology popular among early
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mathematicians is not now considered mathematical knowledge.
However, this does not prevent modern astrophysicists from asserting
that "resonance is a situation when celestial bodies have orbital periods
relating to each other as small natural numbers." As a result, these bodies
are periodically approached being at certain points of their orbits.
The created regular changes in the force of gravitational interaction
of these bodies due to these rapprochements can stabilize their orbits. In
some cases, the resonance phenomena may cause instability of the orbits
[1]. What is the reason when stability or instability arises? What happens
when the orbital periods relate to each other as large natural numbers?
Does this mean that in some cases astrophysicists revive numerology?
This uncertainty casts doubt on the definition of the resonance by the
astrophysicists.
In general, it is assumed that the resonance is a selective response
of the oscillatory system to a periodic external action with a frequency
close to the frequency of its own oscillations. It is also possible to say
that the resonance is an excitation of oscillations of one body by another
body vibrations tuned in unison. It is generally accepted that dissipative
forces control the evolutionary processes in the Solar system and some of
these resonances owe their origin to these forces. However, many
scientists note that the existence of regular structures in both the Sun and
the Solar system in a chaotic environment does not yet have a clear
mathematical solution. Many things in the Solar system remains unclear
and incomprehensible. The cause and nature of the mysterious lowfrequency oscillations of the Sun with the period of 160 minutes contrary
to the standard model of the Sun are still unclear. One of the pressing
problems in astrophysics today is the finding of both the causes of the
stability of celestial bodies during many millions of years and the laws of
their synchronization.
Is it possible that ancient scientists were right because they have
believed that the basis of everything is the harmony of vibrations in the
Universe? Is it actually possible that the Solar system became fully
resonant, harmonious, and discrete formation after the beginning of
thermonuclear synthesis and the release of the Sun on the Main
sequence? In this case there is a need to create an adequate mathematical
description of such harmony. This description must be not only accurate
but also beautiful. According to Heraclitus, the cosmos is perfect and
harmonious. Heraclitus was convinced that the cosmos as the highest
and perfect beauty is a hidden harmony. Dirac believed that pure
mathematics, if it is beautiful enough, is a reliable criterion for the
correctness of the conclusions. So, the task of this work is to give a
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mathematical justification of the parameters of the orbits of the young
Solar system, i.e. after its release to the Main sequence.
2. THEORETICAL BACKGROUNDS
It is well-known today that the Sun generates many thousands of
different waves. In 1962, the 5-minute oscillations were first found by R.
Leighton [2]. In 1977, it was found that the spectrum of 5-minute
oscillations consists of separate bands [3]. This is shown in figure 1. This
allowed us to establish the resonant nature of the upper layers of the
convective zone of the Sun.
It is clearly seen in the figure that the oscillations on the Sun were
revealed with the following time periods: 209, 251, 314, 418, and 628
seconds. They correspond to 3.4833, 4.1833, 5.2333, 6.9666, and 10.4666
min, respectively. In 1974, A. Severny and other researcher from the
Crimean observatory have discovered 160-min oscillations that are
outside the standard model for the Sun [4]. All of these waves are treated
either gravitational or shock, or magnetohydrodynamical Alfven waves,
or acoustic sound waves, or atmospheric waves [5]. We assume that these
waves actually represent internal gravitational Solar waves (do not
confuse with gravitational waves in the General Theory of Relativity) that
are united with the electromagnetic waves by the common rhythmus [6].
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Figure 1. The period of time versus the wavelengths observed on the
Sun.
It is necessary to check whether the results of the calculations
proposed by us will converge with the predictions of ancient scientists.
Suppose that the Solar system is indeed a quantum deterministic,
discrete, fully resonant formation that has changed a number of these
properties as a result of aging and some cosmic catastrophe. A version of
such a catastrophe was given in [6]. This work is carried out in the
development of work [7], [8], [9], [10], [11], [12].
Due to the fact that the Sun and all the space bodies of the Solar
system were formed from a rotating cloud, all primary orbits had to be
circular or very close to circular. The calculation is based on the general
rule of quantization of semimajor axes of planetary and satellite orbits
(that is the single formula for the structure of the Solar system and
outside of the star systems) namely [7]:

a

MGn2
V12

(1)

where M stands for the mass of a space body of the higher hierarchy.
M ≈ 2 × 1030 kg for the Sun.
n is the main quantum number of an orbit (space body).
G is the gravitational constant.
According to Dirac, since the formation of the Solar system the
value of the gravitational constant slightly decreased by 5 × 10–11 per year
[8] due to the expansion of the Universe. It is necessary to state that
modern existing methods cannot confirm such small changes. In this
connection and with the wishes of Dirac about the beauty and harmony,
we round all the parameters and assume that these parameters for the
young Solar system immediately after following the Main sequence were
equal to:
G ≈ 6.75 × 10–20 km3/(kg × s2).
V1 ≈ 150 km/s is the first quantum speed of the space bodies in
the Solar system [9], [10], [11].
The astronomical unit is 1 au ≈ 150 × 106 km.
The speed of light is C ≈ 300000 km/s.
The orbiting period of the space bodies around their corresponding
central objects in the Solar system can be defined as follows:
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P  4 Mn3  1033 year

(2)

The quantum parameters of oscillations of the Sun and the other
space bodies of the Solar system are calculated with formulae utilized in
the microworld, namely with the use of the wavelength λ = 2a/n, the
frequency of oscillations ƒ = C/λ, and the period of oscillations T = 1/ƒ
[minutes]. Also, n stands for the main quantum number of a planet (space
body).
We believe that all waves generated by the Sun are the modes of
oscillations of the main Solar wave. It is known the Laplace ratio that
does not allow the connection of Jupiter’s three satellites such as the Io,
Europa and Ganymede on one side of the orbit. In the case of planets,
the Laplace ratio is probably insufficient because "planetary parades" of
three or more planets are known. However, the stability of the Solar
system for millions of years has demonstrated that there are forces in the
Solar system to compensate this imbalance. And the resonance of the
middle movements in the Laplace ratio is only the result of the common
resonance of oscillations of the whole Solar system. The results of the
calculations are listed in tables 1 and 2.
Table 1. The result of the calculation of semi-major axes, periods of
revolution of the primary planetary orbits, and parameters of fluctuations
of waves in the Solar system.
Planet, main
quantum
number n
123- Mercury
4- Venus
5- Earth
6- Mars
7891011- Jupiter
78

Semimajor
axis,
a, 106
km
6
24
54
96
150
216
294
384
486
600
726

Period
of
orbits,
P, year
0.008
0.064
0.216
0.512
1.0
1.728
2.744
4.096
5.832
8.0
10.648

Wave Frequency Period of
length,
of
osculatiλ,106 oscillations, ons, T,
km
f, 10–3, s–1 minutes
12
24
36
48
60
72
84
96
108
120
132

25.0
12.5
8.333333
6.25
5.0
4.166666
3.571428
3.125
2.777777
2.5
2.272727

0.666666
1.333333
2.0
2.666666
3.333333
4.0
4.666666
5.333333
6.0
6.666666
7.333333
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12131415- Saturn
161718192021- Uranus
222324252627Neptune
2828293031- Pluto
32- Haumea
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864
1014
1176
1350
1536
1734
1944
2166
2400
2646
2904
3174
3456
3750
4056
4374

13.824
17.576
21.952
27.0
32.768
39.304
46.656
54.872
64.0
74.088
85.184
97.336
110.592
125
140.608
157.464

144
156
168
180
192
204
216
228
240
252
264
276
288
300
312
324

2.083333
1.923077
1.785714
1.666667
1.5625
1.470588
1.388889
1.315789
1.25
1.190476
1.136364
1.086965
1.041667
1.0
0.961538
0.925926

8.0
8.666666
9.333333
10.0
10.66666
11.33333
12.0
12.66666
13.33333
14.0
14.66667
15.33333
16.0
16.66667
17.33333
18.0

33Makemake

4704
4704
5046
5400
5766
6144
6534

240-?

345600

175.616
175.616
195.112
216
238.328
262.114
287.496
110592

336
336
348
360
372
384
396
2880

0.892857
0.892857
0.862069
0.833333
0.806452
0.78125
0.757575
0.104167

18.66666
18.66666
19.33333
20.0
20.66667
21.33333
22.0
160.0

The following relationships among the parameters of the orbits
(space bodies) of the primary Solar system results from formula (1) and
the given results:
1) The semimajor axes, orbiting periods, and orbital speeds of the
space bodies of the Solar systems are quantized.
2) The semimajor axes of orbits relate to each other as squares of
their main quantum numbers.
3) The revolution periods of the orbits (space bodies) relate to each
other as the cubes of their main quantum numbers.
4) The orbital speeds refer to each other as inverse relations of their
main quantum numbers.
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Table 2. The results of the calculations of the average motions,
resonances of the rotation periods, and Laplace resonances of the space
bodies of the Solar systems.
Main
quantum
number, n,
planet
123- Mercury
4- Venus
5- Earth
6- Mars
78910-

Average
motion
K = 360/P,
°/d
125
15.625
4.629611
1.953125
1.0
0.5787022
0.3644315
0.2441406
0.1714678
0.125

11- Jupiter

9.391435-2

12-

7.233795-2

13-

5.689577-2

14-

4.553935-2

15- Saturn

3.703704-2

16-

3.051758-2

17-

2.54427-2

18-

2.143347-2

192021- Uranus

1.822423-2
1.5625-2
1.349746-2

22-

1.173929-2

80

Resonance of rotation
Resonance of
periods P/Pn and
periods of
resonance of average
oscillations,
Laplace motions
T, minutes
P1/P2=8/1
T1–3T3+2T4=0
T2–3T4+2T5=0
K3–3K4+2K5=0.77?
T3–3T5+2T6=0
K4–3K5+2K6=0.11?
T4–3T6+2T7=0
-03
K5–3K6+2K7=–7.24
T5–3T7+2T8=0
K6–3K7+2K8=–0.02?
T6–3T8+2T9=0
T7–3T9+2T10=0
T8–3T10+2T11=0
T9–3T11+2T12=0
P5/P10=8/1
T10–
3T12+2T13=0
-03
K11–3K15+2K21=9.8
T11–
3T13+2T14=0
T12–
3T14+2T15=0
T13–
3T15+2T16=0
T14–
3T16+2T17=0
P11/P15≈5/2
T15–
3T17+2T18=0
T16–
3T18+2T19=0
T17–
3T19+2T20=0
T18–
3T20+2T21=0
K11–3K15+2K21=9.8-03

T21–
3T23+2T24=0
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2324-

1.027369-2
9.0422454-3

K11–3K15+2K24=8.9-04

252627Neptune
28-

8.0-03
7.111971-3
6.350658-3

K24–3K27+2K30=7.5-04

293031- Pluto
32- Haumea

5.125262-3
4.62963-3
4.1959-3
3.814697-3
3.478309-3

33-Makemake
40- Эрида

240-

5.6942428-3

T24–
3T26+2T27=0

T27–
3T29+2T30=0
P15/P30=8/1
P27/P31≈2/3
K31–3K32+2K33=3.2-04

1,953125-3
9.042246-6

T30–
3T32+2T33=0

It is seen in the tabulated calculations' results that some orbital
periods are close to the resonance conserved up to today. For instance,
Jupiter-Saturn ≈ 5:2, Neptune-Pluto ≈ 3:2. Taking into account Jupiter's
migrations, it can be assumed that the Jupiter’s resonance with the Earth
was 8:1. However, the Laplace resonances in the periods of circulation
are quite weak. For instance, Jupiter-Saturn-Uranus: K11 – 3K15 + 2K21 =
9.798-03. An order of magnitude stronger resonances connect the orbits
of the Jupiter and the Saturn, as well as the Neptune and the Pluto with
the orbit n24. It is seen that all the periods of oscillations (T) are the
modes of oscillations of a united fundamental wave of the Sun. These
fluctuations are coupled with each other by the resonances that unite and
intertwine almost all orbits (of the space body) in the Solar system. This
peculiarity somewhat differs them from the Laplace resonance that
provides for the connection of only the neighbor three space bodies.
This assumed connection can be expressed by the following generalized
formula:

Tc   Tn  3T( n 2 )  2T( n3)  0

(3)

where
Tc is the summarized period of oscillations of space bodies of the
Solar system.
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Tn are the periods of oscillations of orbits (space bodies) in the
Solar system.
n is the main quantum number of an orbit (space body).
These ties of orbits together with the orbital resonances of two
bodies form a single network that is, in our opinion, the main reason for
the stability of the Solar system for many millions of years. The opinion
of the ancient sages about the harmony and sound of heaven is justified.
The ratio of the frequencies or the periods of oscillations actually
correspond to the harmonic intervals. For instance, the ratio of T3/T6 =
1/2 for the planets Mercury and Mars corresponds to an octave. The
Venus and Mars have T4/T6 = 3/4 that is pure quart. The Venus and
Earth have T4/T5 = 4/5 that is a major tertia. The Jupiter was previously
in orbit n10, and its ratio to the Earth was T5/T10 = 1/2 that
corresponded to an octave. The ratio of the Jupiter to the Saturn such as
T10/T15 = 2/3 is a quint, etc. Let us check whether the values of the Solar
oscillations observed in our time coincide with the calculated values. The
initial data for the calculation correspond to the following official values
currently accepted: Mc = 1.9885 × 1030 kg and C = 299792458 m/s. The
value of the modern first quantum speed is V1 = 145.627 km/s [12], [13].
The gravitational constant is G = 6.67408 × 10–20 km3g–1s–2. The results
of the calculations are listed in table 3.
Table 3. The results of the calculations of the frequency and the period
of oscillations of the space bodies of the Solar system, in comparison
with the observed oscillations of the Sun shown in figure 1.
Main quantum
number n,
planet
5- Earth
6- Mars
10- Jupiter
15- Saturn
230-

Frequency Period of oscillations,
of
T, minutes
oscillations, calculated observed
f, 10–3, s–1
4.7887973
3.48034
3.483
3.9906644
4.17642
4.183
2.3943986
6.96069
6.966
1.5962658
10.4410
10.466
0.1041043
160.095
≈160

Relative
error, %
0.076
0.157
0.076
0.238
0.059

It is seen in the results introduced above that the calculated and
observed oscillations completely coincide inside of the limits of
observations’ accuracy. All the wave parameters, both the calculated and
observed, are the modes of oscillations of the main Solar wave. We
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believe that under dynamic mutual perturbations of all bodies, the
universal resonance of oscillations leads to stabilization of their orbits
within the limits of the main wave regulating oscillations. The opinion of
R. Leighton and others is confirmed that the Sun is the central vibrator.
The observed 5, 10, 160-minute and other oscillations of the Sun are
confirmed by the calculations. All of them are the modes of oscillations
of the main Solar wave. Despite the change over time of a number of
orbital parameters of the planets, the resonance of the oscillations’
periods has changed very slightly. This indicates a high stability of the
Solar system. The hypothesis by A. Molchanov about the full resonance
of the Solar system expressed by him in 1966 is confirmed [14].
3. CONCLUSIONS
1. The given arguments and calculations confirm the opinion of the
ancient scientists that the Solar system represents a resonant,
quantum, discrete, harmonious formation.
2. The following opinion of R. Leighton and the other researchers is
confirmed: the Sun is the central vibrator of the Solar system. The
observed 5, 10, 160-minute and other fluctuations of the Sun are
confirmed by the calculations. All of them are the modes of
oscillations of the main Solar wave.
3. It is assumed that there is a close relationship among all orbits of the
Solar system. This is expressed by formula (3). The Solar wave
oscillations cause the resonance vibrations of all orbits (space bodies)
in the Solar system. Together with the orbital resonances of two
bodies, they form a united network that causes the stability of the
Solar system during billions of years. The universal resonance of
oscillations leads to the stabilization of the orbits of almost all space
bodies of the Solar system.
4. The hypothesis of the complete resonance of the Solar system
introduced by A. Molchanov in 1966 is confirmed.
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Reciprocal relations of the energy
transformation processes
Annotation
Shows, that it is possible to expand the existing theory of
irreversible processes to processes of useful transformation of any
forms of energy by a finding of motive forces and the speeds of
real processes as derivative of energy, but not entropy; that for
such processes there are differential reciprocal relations with
Onsager’s symmetry and Cazimir’s anti-symmetry conditions
resulting from them; that Maxwell’s equations follows from these
correlation, confirming their equity for a wide class of processes,
satisfying to these equations

Introduction.
The rise of engineering interest in phenomena at the interface
between various disciplines and perception of their close relation with the
phenomena of the energy dissipation led to creating, in the early 20th
century, the thermodynamic theory of real process rate (TIP). This field
in macroscopic physics of the 20th century was named the theory of
irreversible processes [1…10]. It has enriched the theoretical mind of the
20th century with a number of general physics principles and notably
contributed to cognition of the in-depth interrelations between differenttype phenomena. Its contribution was appreciated by two Nobel prizes
awarded in the field (L. Onsager, 1968; I. Prigogine, 1977).
But this theory in its present state does not consider the processes of
useful energy transformation of heat into work, that makes the
fundamental principles of all thermodynamics. This situation is caused to
a great extent by the reason that basic operational values of this theory –
thermodynamic forces Xi and fluxes Ji – are determined with the help of
the entropy production expression that does not take into consideration
reversible component of real processes power and consequently it can
not measure their intensity. As a result of it an vast region of processes
with relative efficiency above zero fall out of TIP competency.
Meantime kinetics of those processes interests not only power
engineering and energy technology for which energy transformation and
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are basic TIP-method are the most acceptable in principle. The
thermodynamic investigation of biological systems is also impossible
without useful work against equilibrium supporting the non-equilibrium
state of such systems and providing their vital activity. The application of
thermodynamics to cosmological objects that develop, according to
current ideas, bypassing equilibrium would also be incomplete without
work considered as ordered form of exchange.
All that begets a problem of enlarging TIP to include the systems
performing some useful work. In this article consistently thermodynamic
decision of this problem is offered.

1. The existing quasi-thermodynamic theory
of relaxation processes
More than centenary had passed before it became clear that
“thermodynamics unaware of time” (to a Brian’s figurative locution) was
substantially thermostatics wherein only Fourier’s, Navier’s, Ohm’s,
Fick’s, Darcy’s, Newton’s, etc. equations prefigured the coming theory of
non-static processes. However, the development in that direction
demanded introducing in thermodynamics the transfer concepts
intrinsically extraneous for it. One of these belongs to N. Umov (1873),
who wrote the law of conservation of energy in terms of the energy flow
across the stationary borders of the system [11]. The flow concept in
application to entropy (G. Jaumann, 1911) became another stride [12].
Note, that application was quite novel, because of the statistic-mechanical
interpretation of entropy as a measure of state probability for which the
transfer concept is absolutely senseless. A little bit later De Donder
(1927) related the entropy source with the rate of the chemical reactions
with its affinity [13]. That was how the concepts of flow and process rate
started their introduction into thermodynamics.
The most decisive move in that direction was not, however, made,
until 1931 (L. Onsager) [1]. Onsager built his theory of physicochemical
process rate based on the expression for the entropy generation rate,
having thus emphasized the irreversible part of real phenomena. The
entropy S of a closed adiabatic isolated system in equilibrium state is
known to be maximal. If the parameters Θ1, Θ2,…, Θn differ from their
equilibrium values by a value of α1, α2,...,αn, it is naturally to assume that
the difference between the entropies of the current S and equilibrium So
states ∆S is a some function of αi. In this case the reason of the ith scalar
process generation (the scalar thermodynamic force Xi) and the
generalized rate of relaxation process (named by Onsager the flow Ji)
could be found from the expression for the entropy generation rate:
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dS/dt = Σi(S/i) di/dt = Σi Xi Ji,
(1)
where Xi = (S/i); Ji = di/dt.
Thus L. Onsager endued the force Xi with a meaning quite
different from that in Newton’s mechanics and construed it as a
parameter measuring the deviation of a system from internal equilibrium.
At the same time L. Onsager postulated that for minor deviation from
thermodynamic equilibrium any of the flows Ji obeyed the law of linear
dependence on all the thermodynamic forces Xj active in the system:
Ji = Σj Lij Xj . (i, j = 1, 2, …, n).
(2)
Onsager referred to those laws of relaxation processes, as well as
the associated coefficients Lij, as “phenomenological” (i.e. practicebased). Such a (matrix) form of kinetic equations differed from Fourier’s,
Ohm’s, Fick’s, Darcy’s, etc. laws by the presence of additional terms
(with subscripts i ≠ j). The off-diagonal summands in expression (2) were
introduced by Onsager to allow for various “superposition”
(interrelation) effects of different-type irreversible processes running
simultaneously in the same spatial zones.
The proof of reciprocity relationships between the “off-diagonal”
phenomenological coefficients Lij and Lij (i ≠ j) was most important in
the Onsager’s theory:
Lij = Lji.
(3)
These symmetry conditions are called the reciprocal relations. They
reduce the number of the coefficients Lij to be experimentally defined
from n (for mere empirical description) down to n(n +1)/2 (where n – a
number of independent flows) and lead to setting up a before unknown
relationship between the rates of different-type irreversible processes.
Onsager obtained those relationships based on a known statement of
statistical mechanics regarding the reversibility of micro-processes in time
under the assumption that the coefficients Lij and Lij were constant,
while the subscript-dissimilar flows Ji and Jj were linearly independent
and became zero with disappearance of the forces Xi and Xj. These three
statements outstep the framework of thermodynamics. Therefore he
named it “quasi-thermodynamics”.
Onsager was afterward awarded the Nobel Prize (1968) for his
studies in that field. Those studies attributed to non-equilibrium
thermodynamics just as much as the R. Clausius’ studies to the making of
classic thermodynamics. They have embodied the odds and ends of
concepts and facts representing them in an accessible and understandable
form. Their publication made a good start to the intensive development
of the TIP in macroscopic and statistical physics. H. Cazimir (1945)
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extended the Onsager’s theory to cover vector processes [2], having
herein proved that in case the α– and β–type forces (even and odd time
functions) acted simultaneously, the reciprocity relationships (6) would
go over into the anti–symmetry conditions:
Lij = – Lji
(4)
A little bit later (1956-62) I. Prigogine based on Curie’s symmetry
law showed that in case the scalar and vector processes ran
simultaneously, only the processes of the same (or even) tensor range
could interact (superimpose) [3]. That allowed further solving a number
of problems associated with the evolution of non-equilibrium systems.
The interest in that field of knowledge was caused not only by its
general theoretical significance, but rather its important applications
having been outlined in the forties and fifties and having involved the
thermal diffusion isotope separation, the allowance for additional terms
in the hydrodynamic equations for missile art and plasma physics, the
development of membrane technique, biophysics, etc. The development
of the phenomenological and statistical TIP has advanced the
approximation of the heat-mass transfer theory to hydrodynamics,
electrodynamics and continuum mechanics. It appeared to have been
especially useful to study phenomena at interfaces between those
disciplines.
However, those theories never did eliminate the abovementioned
line of demarcation between thermodynamics and the heat transfer
theory. The reason is that the TIP is restricted to studying the dissipation
processes like heat conductivity, electric conductivity, diffusion, as well as
effects of their superposition, but does not deal with the processes of
useful energy conversion, which are the main object of investigation in
thermodynamics. This is the reason why the necessity appeared to call
thermodynamics into being as a unified theory of energy transfer and
conversion rate and capacity, which, unlike W. Thomson’s “pseudothermostatics” [13] and L. Onsager’s “quasi-thermodynamics” [1], would
not “un-file” reversible or irreversible part of real processes, but would
cover the entire of its spectrum. For this purpose it is necessary to pass
to a finding of forces Xi, Xj streams Ji,Jj on more general basis supposing
both increase and decrease of energy of system [14].

2. Generalization of irreversible thermodynamics.
It is known, that in thermodynamics full energy is subdivided on
internal U and external E. The first depends on internal variables Θi
(entropy S, volume V, mass of kth substances Mk, charge З, etc.), i.e. U =
U (Θ1, Θ2,…, Θn). The second depends on position of system as the
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whole concerning an environment, i.e. from radius-vector r of the center
of these values, i.e. E =E(r1, r2,…, rm). It means, that full energy of
system as function of its condition looks like
Э =Э(Θi, rj), and they
exact differential be expressed by the following identity [15]:
dЭ ≡ Σiψi dΘi – ΣjFj·drj, (i = 1,2,…,n; j =1,2,…,m),
(4)
where dЭ ≡ Σiψi dΘi – ΣjFj·drj, (i = 1,2,…,n; j =1,2,…,m) – the
generalized potentials such absolute temperature T and absolute pressure
p, chemical, electric, etc. potential; Fj , rj – forces in their usual
(newtonian) meaning; n , m – the number of the scalar and vector
coordinates describing a condition of system. (The sign '–' before 2nd
sums (1) conforms to a rule: useful work is positive, if it is made by
system)
The fundamental identity (4) represents result of joint definitions
of parameters ψi, Θi and Fj , rj, and consequently is valid regardless of
what causes the variation of the parameters Θi and rj – either the external
energy exchange or the internal (including relaxation and anti-relaxation)
processes. Last is made against equilibrium in system in processes
'ascending diffusion', active transport in biosystems, polarization of
substances, self-organizing of systems, etc. Therefore (1) is applicable to
any processes (both reversible and irreversible). The work described by
second sum of (4) may be external or internal (depending on where the
forces arise – either in the system itself or outside); useful or dissipative
(depending on what the work involves – either purposeful conversion of
energy or its dissipation); long – range or short–range (depending on
radius of action); mechanical, thermal, electrical, chemical, etc (depending
on nature of the forces to overcome).
Expression (4) can be copied in the form, containing full
derivatives on time t from parameters of system:
dЭ/dt ≡ Σi ψidΘi/dt – ΣjFj·vj
(5)
th
Here vi ≡ dri/dt – the generalized speed of j process connected
with common concept of a vector stream Jj of value Θi by a simple parity
Jj= Θjvj.
(6)
Owing to this generality and the concept of thermodynamic force Xj
gets uniform sense of specific force Xj=Fj/Θi, and expression Xj·Jj capacityes of jth process Ni = Xi·Ji = Fj·vj.

3. Differential rerciprocal relations.
From (4) on the basis of the theorem about independence mixed
derivative from the order of differentiation (∂2Э/∂ri∂rj = ∂2Э/∂rj∂ri )
follows:
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(∂Fi/∂rj) = (∂Fj/∂ri).
(7)
This differential parity of thermodynamics can be expressed in the
generalized speeds of processes, as drj = vjdt and dri= vidt. Then after
reduction dt instead of (7) it is possible to write:
(∂Fi/∂vj) = (∂Fj/∂vi).
(8)
Considering (6), this parity can be expressed in terms of
thermodynamic forces Хi, Хj and streams Ji, Ji:
(∂Хi/∂Jj) = (∂Хj/∂Ji).
(9)
These parities have been received by us earlier in more complex
way and named by differential reciprocal relations [16]. Risselberghe
(1962) was the first who postulated the existence of such-type
relationships and proposed to name them the “generalized reciprocity
relationships” [17]. It is simple to show, that the Onsager’s symmetry
conditions ensue directly from these differential relationships for a
particular case of linear systems. In fact, applying (9) to equations (2) one
can obtain:
(∂Ji/∂Хj) = Lij = (∂Jj/∂Хi) = Lji.
(10)
Thus the Onsager’s reciprocal relations (symmetry conditions)
ensue as a corollary of more general differential relationships of
thermodynamics and do not need involving whatever statistic-mechanical
considerations.

4. Anti-symmetry of reciprocal relations for
processes of inter-conversion of energy
Let's apply differential parities (7) to the system which is carrying
out transformation by some ith form of energy in jth. In that case 2nd sum
(5) addresses in zero. It means, that useful work Wi and Wj on the
equation (5) get an opposite sign, and differential relationship (9) become
anti-symmetric:
(∂Хi/∂Jj) = – (∂Хj/∂Ji).
(11)
The opposite sign of the works Wi and Wj means, that
phenomenological laws (2) of process of transformation of energy taking
the form [18]:
Ji = Lij Xi – Lji Xj ,
(12)
Jj = Lji Xi – Ljj Xj .
(13)
These kinetic equations can be recorded in more compact form (2),
having added with their condition XiJi + XjJj = 0:
Ji = Σj Lij Xj ; (XiJi = – XjJj).
(14)
The kinetic equations of such character (with their terms having
different signs) correspond to the concept of phenomenological
90

The Papers of independent Authors

Volume 47, 2020

(experience-based) laws than initial equations (2). The primary energy
carrier flow Ji (e.g. the current in the primary winding of a transformer) is
commonly known to decrease as the forces Xj being overcome increase
(with approach to “no-load” operation) or, on the contrary, to increase as
these forces decrease (with approach to “short circuit” operation).
Similarly, the secondary energy carrier flow (e.g. the current in the
secondary winding of a transformer) is commonly known to increase as
the supply voltage Xi increases and to decrease as the secondary circuit
resistance and the Xj decrease.
This circumstance throws fresh light on the origin of the Cazimir’s
reciprocity relationships Lij = – Lji exposing the underneath meaning of
the requirements for different parity of forces with respect to time
inversion. In fact, for the dissipation forces not changing their signs with
time inversion (i.e. for the so-called “-type forces”) the Onsager’s
symmetry conditions Lij = Lji, as shown above, are valid. Whenever a
part of these forces have the reversible character (i.e. refer to the “-type
forces”), the Onsager’s reciprocity relationships give place to antisymmetry conditions Lij = – Lji. At the same time the consideration
endeavored here shows that the applicability of the Cazimir’s
relationships is not actually restricted to the different-parity forces ( and
-type) case. In fact, let us assume dealing with energy conversion
processes of purely dissipative character. Such are, in particular, thermal
conductivity, electric conductivity, diffusion and viscous friction
described by Fourier’s, Ohm’s, Fick’s and Newton’s laws and resulting in
only the substance and energy transfer. In this case all terms of kinetic
equation (2) describing vector phenomena have the same sign Хi·Ji  0
defined by their contribution to dissipative function. In this case
reciprocity relationships (11) defining value and sign of the
phenomenological coefficients Lij in linear kinetic equations (2) give
invariably positive values of the phenomenological coefficients Lij  0 in
these equations and result in Onsager’s reciprocity relationships Lij = Lji.
So for linear transfer processes of a purely dissipative character the
matrix of phenomenological coefficients is always symmetrical. However,
if in a transfer process useful (reversible) energy conversions occur, i.e.
work is done against whatever forces other than dissipation ones, the
reciprocity relationships acquire other character. In this case phenomena
of the “ascending diffusion” type (transfer of components toward their
concentration increase), system ordering, etc. are observed. These
processes lead to gradients or differences of temperature, pressure,
concentration, electric potential, etc., i.e. to deviation of the system from
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the internal equilibrium state for some of its degrees of freedom, whereas
the system in whole is tending toward equilibrium. As a matter of fact,
this is the nature of all the so-called “superposition effects” the theory of
irreversible processes deals with. As we will make sure hereafter, the
effects of such a kind bear anti-dissipative character. The processes of
useful conversion of the ith form of energy into the jth one in various
machines apply to these effects, too. This substantially extends the
applicability of the anti-symmetrical reciprocal relations [18].

5. The proof of
reciprocal relations

the

anti-symmetrical

It is a matter of interest to confirm the anti-symmetrical reciprocity
relationships (4) in reversible processes on a wide class of the processes,
submitting to the Maxwell’s equations. For this let us consider a system
consisting of a closed electric circuit with an arbitrary length ℓe and
variable (in general case) cross section fe, which comprises an as well
closed magnetic circuit with a length ℓm and cross section fm variable thru
the length. In this case in the equation (14) Xi and Xj represent
accordingly electromotive Xe = ∫E·dℓe and magnetomotive Xм= ∫ H·dℓм
forces [19], while Je = ∫(dD/dt)dfe; Jм = ∫(dB/dt)dfм – total fluxes of
electric and magnetic displacements, respectively, sometimes named the
“linkage fluxes” and traditionally represented by the number of the lines
of force linking the cross section of the electric and magnetic circuits,
respectively. Here E, H – electric and magnetic fields; D, B – vectors of
electric and magnetic induction.
Let us now change, based on the Stokes theorem, in the force
equation Xe = ∫E·dℓe from the curvilinear integral taken over the closed
electric circuit with a length of ℓe to the integral ∫rotЕ·dfм over the
magnetic circuit cross section fм. In the similar way one can change in the
force equation Xм= ∫ H·dℓм from the curvilinear integral over the closed
magnetic circuit with a length of ℓм to the integral ∫rotH·dfe over the
surface fе covering the electric circuit. Then ∂Xe/∂fм = rotЕ; ∂Xм/∂fе =
rotH; ∂2Zе/∂fe∂t = ∂Je/∂fe = dD/dt, and ∂2Zм/∂fм∂t = ∂Jм/∂fe =dB/dt.
Substituting these expressions in reciprocity relations (11), we shall find:
rot E = – dB/dt,
(15)
rot H = dD/dt.
(16)
These equations differ from the corresponding Maxwell’s equations
in that they contain the total time derivatives of electric and magnetic
induction vectors. This is not a surprise since the primary equations of
thermodynamics (4) contain the exact differentials of vectors ri [18]. To
form equations (15) and (16) into a more habitual type, we shall consider,
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that dD/dt = jе + (∂D/∂t), where jе = ϱev = (v·)D – conduction
current caused by the free charge transfer, whereas magnetic analogs to
the free charge ρе do not exist (B = 0) and dB/dt = (∂B/∂t). Thus
finally:
rot H = jе + (∂D/∂t);
(17)
rot E = – (∂B/∂t);
(18)
div D = ρе ;
(19)
div B = 0 .
(20)
Thus, Maxwel’s equations in their modern type can be received as
consequence of non-equilibrium thermodynamics without the
assumption of existence «currents of displacement» and «vortical
electromagnetic fields» in vacuum, or any other postulates. Except for
that, the differential relationships between the state parameters and their
functions enable solution of also other problems. In particular, they allow
calculating by experimental data the fundamental state functions of a
system, impose the restricting conditions that should be met for each of
models. This always clarifies the models because allows neglecting
redundant or non-existent constraints. Therefore, the differential
relationships are a very effective tooling of mathematical analysis
conducted on an object of investigation [20].
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Model of a photon as a soliton-like
two-frequency electromagnetic wave
Abstract
Using de Broglie's ideas a hypothesis is substantiated according to
which the electromagnetic structure of a photon is determined by
two periodic processes with different frequencies. An appropriate
solution to the Maxwell system of equations is found that
describes the field of a photon as a stable electromagnetic soliton
consisting of a needle-like core and a surrounding shell. Herewith,
the core surface is a single-layer winding consisting of two very
narrow, parallel running and oppositely charged ribbons. Formulas
for calculating parameters of photons are obtained. Examples of
such calculations for photons in optical and gamma-ray spectra are
given that evidence the plausibility of the proposed model. It is
shown that an electromagnetic field similar to photon can be
created on macroscopic scales. Suggested that it was precisely such
a field that was generated in the famous experiments of N. Tesla.

Introduction
As it is known, in the first third of the 19th century after a century
and a half of domination of the Newtonian corpuscular theory of light, as
a result of explanation of the phenomena of diffraction and interference
of light as well as a number of other optical phenomena by T. Jung and O.
Fresnel based on wave representations, the wave theory of light was fully
recognized. Its position in physics was further strengthened after
Maxwell created the theory of the electromagnetic field and H. Hertz
discovered electromagnetic waves. However, at the end of the 19th
century this theory was faced an unexpected problem – it could not
explain emission spectrum of the so-called absolutely black body. This
problem was solved in 1900 by Max Planck who «in desperation» was
forced to resort to hypothesis of quantization (discreteness) of the
energy spectrum of atoms and molecules that contradicted classical
physics. In 1905 A. Einstein extended this hypothesis to radiation,
assuming that radiation of frequency ν consists of discrete compact
«needle-like» formations – light quanta, later called photons, each of
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which has an energy ℎν and a momentum ℎν/𝑐 (where ℎ is Planck's
constant). An important conclusion of Einstein’s theory based on his
hypothesis and fluctuation theory was that radiation has a particle-wave
dualism, representing a kind of symbiosis of two «components» – free
particles (photons) and waves, and proportion of these components
depends on the numerical value of ℎν/𝑘𝑇 ratio. And though this
Einstein’s hypothesis made it possible to explain the features of the
photoelectric effect and a number of other phenomena of interaction of
radiation with matter, most physicists, including Planck, for a long time
treated this hypothesis very skeptical.
Only in 1922 when A. Compton confirmed the existence of photons
in experiments on the scattering of X-rays by electrons, Einstein's theory
gained recognition. This was also facilitated by the fact that in 1923 Louis
de Broglie proposed and mathematically substantiated the hypothesis that
all particles of matter – electrons, protons, atoms, etc. – possess wave
properties, that was confirmed in experiments of K. Davisson and L.
Germer (1927) and others.
Development of de Broglie’s ideas by Schrödinger, on the one
hand, and the Bohr theory of atomic structure by W. Heisenberg, M.
Born, P. Jordan, and others, led to the creation of quantum mechanics,
according to which all information about any physical system is
contained in its complex wave function which was endued a probabilistic
sense and which therefore could not be considered as a real essence.
Quantum mechanics itself, in fact, is a system of mathematical rules and
instructions following which we can calculate the probability of obtaining
certain values of the parameters characterizing the considered physical
system if measured in real experiments. Herewith, according to the socalled Copenhagen interpretation of quantum mechanics which most
physicists agreed with, it is impossible to even assume what actually happens
in a physical system before the measurement act, and this system acquires
certain characteristics only in the moment of measurement.
However Einstein and several other physicists found such a limited
description of reality by quantum mechanics insufficient and they
recognized the theory itself incomplete. They provided convincing
arguments in support of this thesis but however they were not heard
for a long time. And only in recent decades other non-Copenhagen
interpretations of quantum mechanics developed.
In the 1940s based on the ideas of quantum mechanics and the
principles of the special relativity theory S. Tomonaga, R. Feynman, Y.
Schwinger and others developed the relativistic quantum theory of
electromagnetic interactions – quantum electrodynamics (QED).
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According to QED a real photon is considered as a stable, electrically
neutral fundamental particle with a rest mass equal to zero with inherent
energy, momentum and internal angular momentum (spin), that can exist
in vacuum only moving with the speed of light, but at the same time
having no sizes or any kind of structure. Also according to QED in
addition to real photons there are virtual photons, that are carriers of
electromagnetic interaction but for those the relation between energy and
momentum 𝑝 = ε/𝑐 is not satisfied.
It should be noted that the question of a photon structure in the
framework of QED is still considered the height of physical illiteracy,
and this question itself is not subject to consideration. Herewith,
according to QED even the wave function of a photon makes sense only
in the momentum but not coordinate representation, i.e. cannot be a
function of coordinates. Of course, QED has achieved tremendous
success in explaining and predicting many phenomena occurring when
photons and charged particles interact. However this theory is also
characterized by a number of «dark spots», unsolved and insoluble
problems. Some of them have mathematical nature while others, such as
vacuum problem, are physical problems. But there is a problem that can
be called epistemological – this is an actual ban on the fundamental possibility
of cheating a real photon structure within the framework of QED. Withal, it is
well known that study of the structure of other fundamental particles has
being carried for a long time, both theoretically and experimentally. True,
in recent decades, even in the framework of QED (as well as quantum
chromodynamics – QCD, studying processes involving strongly interacting particles), theoretically and in experiments on powerful particle
accelerators, there started experimentally studies of the structure of
«dressed» hard photons, i.e. very high-energy gamma rays surrounded by a
shell of various virtual particles. In addition, in the framework of QED
and QCD, models of photons began to be considered as systems formed
from particles of a deeper structural level – partons.
In view of the above, it is not surprising that in the first decades of
the 20th century a number of scientists (among whom many, like
Einstein, considered quantum mechanics and QED to be «incomplete»
theories), despite the ban on QED, made attempts to construct a
theoretical model of the photon. One of the first such models was
proposed by J.J. Thomson [1]. According to this model, a photon is an
oscillating ring of constant length λ = 𝑐/ν, formed by a «Faraday» power
electric tube and surrounded by a system of weak expanding
electromagnetic waves of Hertzian type. Interestingly, based on the
hypotheses underlying his model, Thomson was able to derive the Planck
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formula ε = ℎν and calculate the value of the Planck constant ℎ. A more
rigorous mathematical description of this model based on the solutions
of Maxwell's equations was given by N.P. Kasterin and A.K. Timiryazev
[2]. However, this model was soon fairly criticized [3]. L. de Broglie
suggested and developed on the basis of relativistic quantum mechanics
the concept of a photon of frequency ν as a complex particle formed of
two neutrinos with an energy of ℎν/2 [4]. Other versions of the neutrino
theory of the photon were developed by P. Jordan [5] and A.A. Sokolov
[6]. L.I. Slabsky [7] and F.A. Korolev [8] proposed a model of a photon
as an excited virtual pair in a Dirac electron-positron vacuum. In recent
years, attempts to create a photon model in which the laws of classical
electrodynamics, supplemented by various hypotheses, were used to a
greater or lesser extent, have been undertaken by V.N. Barykin [9], I.
Berzons [10], S. Weng [11], S. Zao [12], B. Lehnert [13], A. Michaud [14],
P. Mohr [15], K. Muralidhar [16], V.P. Shulga [17] and others. However,
it should be noted that some of these models are physically inconsistent,
since they turn from an electrodynamical to a mechanical interpretation
of the photon structure and the internal processes occurring in it,
while constructing other models, ad hoc hypotheses (sometimes very
controversial) were used, etc. And most importantly, most of these
models have not been brought up to quantitative results, on the basis of
which it would be possible to calculate the most important, from the
point of view of the author of this paper, photon parameters, which
obviously depend on the conditions of their formation – their longitudinal
and transverse dimensions, their electric field strength as a function of
coordinates, etc. Other authors proposed descriptive gas-hydrodynamic
(!) models and a lot of slightly different versions of mechanical (!) photon
models, which, apparently, should not be taken too seriously.
Two articles by S.I. Khmelnik [18] and S. Weng [11], which were
published almost simultaneously, became an incentive to the appearance of
this work. In the first of these, a new solution of the Maxwell equations for
electric and magnetic fields was obtained, which described a nonexpanding circularly polarized electromagnetic wave and satisfied the
energy conservation law. In the second of these articles, the form of the
electromagnetic field of the same wave was found as well, but already
based on the solution of the system of equations for scalar and vector field
potentials, and an attempt was made to apply this solution to the description
of electromagnetic field of a photon. However, within the framework of the
assumptions accepted in this article, it’s author failed to obtain an
unambiguous and physically consistent solution to the problem posed.
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The purpose of this work is to construct a photon model based on
the laws of classical electrodynamics, some ideas expressed by the
authors of articles [11,18], and the main hypothesis about the existence of
two internal periodic processes with different frequencies in photons.

Key assumptions
First of all, we proceed from the fact that, on the one hand,
electromagnetic radiation emitted by individual electrons and protons during
transitions between energy levels of atoms and atomic nuclei, respectively,
radiation arising from the annihilation of particle – antiparticle pairs, as
well as synchrotron radiation and bremsstrahlung and, on the other hand,
electromagnetic radiation generated by antennas and other technical devices
and arising as a result of a certain simultaneous and coordinated movement
of not one or two (as in atoms and nuclei), but a plurality of charged
particles have a fundamentally different nature and structure. In the first case,
according to our assumption, this radiation consists of compact, «particlelike» quanta – photons, which retain their shape and size, in the second
case the radiation is ordinary classical electromagnetic waves, understood in
the conventional sense (note that J.J. Thomson and a number of other
scientists held a similar point of view; at present, many experts in the field
of electro- and radio-physics are leaning toward it). The structure of the
fields of classical electromagnetic waves is well studied [19], which cannot
be said about the structure of a photon. That is why the purpose of this
work is to build – at least in «zero approximation» – a theoretical model of
a photon as a stable soliton-like structure of an electromagnetic field.
So, we assume that photons are born and disappear in processes
involving atoms, atomic nuclei, electron-positron pairs, etc. Description
of the states of these objects and the processes occurring in them, as you
know, certainly contains a world constant – the Planck constant ℏ, which
reflects the special, quantum nature of these states and processes,
apparently related to the discreteness of the electric charge and magnetic
flux [20]. Therefore, it is logical to assume that the Planck constant is a
quantity related to the internal characteristic of these complex objects that obey
quantum laws, and its appearance in expressions for the energy,
momentum and angular momentum of a photon has an external origin
with respect to the photon. This means that the values of the indicated
characteristics of the photon are determined not by the structure of its
electromagnetic field, but are set in the process of its formation in the
bowels of an atom or other system of particles. Based on this, we will
assume that the structure of electromagnetic field of an already formed and free
photon can be described in terms of classical electrodynamics.
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We will also proceed from de Broglie's hypothesis that each material
particle having a rest mass 𝑚0, is associated with a certain internal periodic
2

process with a frequency Ω = 𝑚0𝑐 /ℏ. This hypothesis finds its confirmation,
in particular, in the expression for the possible values of the electron
energy in the hydrogen atom, obtained by solving the Dirac equation and
written taking into account the rest energy of the electron [21]:
2
4
1 ‒ 3 ,
𝐸𝑛,𝑘 ≈ 𝑚0𝑐2 1 ‒ α 2 ‒ α 3 |𝑘|
4𝑛
2𝑛 2𝑛

[

(

)]

2

where α = 𝑒 /ℏ𝑐 ≈ 1/137 is the fine structure constant, 𝑒 is the elementary
electric charge, 𝑛 = 1,2,3,… and 𝑘 =± 1, ± 2,… are quantum numbers. It
follows from this expression that, for example, in the 𝑛-th stationary state,
the electron shell of the hydrogen atom pulsates with a frequency

α 2  and the frequency ω of the photon emitted by this atom

  1 
n




2n 2 

during the 𝑛→𝑛 ‒ 1 transition is equal to the frequency of the beats resulting
from the temporary overlap of the 𝑛-th and (𝑛 ‒ 1)-th configurations of the
electron shell during its rearrangement under the influence of external
influence: ω  α 2 (2n  1)  (recall that, according to quantum electro2n 2 (n  1) 2

dynamics, an atom can emit a photon either forcedly, under the influence of
another photon, or spontaneously, under the influence of virtual «zero»
oscillations of electromagnetic physical vacuum, or as a result of
interaction with another particle). However, we assume (and in this the
photon model proposed here is fundamentally different from other models)
that in the emitted photon there also exists a certain internal periodic
process with a frequency Ω specific for that particle whose sharp change in
state led to the generation of this photon. Thus, the photon, from our point
2

of view, is characterized not by one but by two frequencies: Ω = 𝑚0𝑐 /ℏ and
ω ≪ Ω, where ω = 2π 𝑐/λ and λ is the experimentally measured wavelength of
the radiation associated with photons.
As for the geometrical dimensions of the photon, we will only
consider its length (longitudinal size) as a given, assuming it to be equal to λ/2,
since only in this case the structure of the photon as a quantum of
electromagnetic radiation appears to be single and indivisible.
Confirmation of the small longitudinal size of a photon is the generation
of ultra-short laser pulses, the «wave train» of which has a length of only
a few λ. We hope to obtain the transverse dimensions of a photon as a
result of calculations, although we expect that they will have the same
order of magnitude as the characteristic dimensions of the system (atom,
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atomic nucleus, etc.) which has emitted this photon. At the same time,
we also expect confirmation from our calculations that the size, shape
and structure of a photon during its movement in space do not change,
remaining the same as at its birth. To the objection of H. Lorenz and a
number of other physicists regarding the impossibility of «microscopic»
photon sizes, as well as to the fact that a number of authors associate the
longitudinal size of a photon with the coherence length of an electromagnetic wave, we answer that their reasoning refers to the wave aspect of
radiation as a collective effect and is not applicable to single photons (in particular, it
makes no sense to talk about the resolving power of the telescope, if we are
talking about getting into it not a wave, but a single photon).
In addition to these basic hypotheses, in the following paragraphs
we will introduce some more assumptions and hypotheses regarding the
features of the electromagnetic field of a photon, however, some of them
are not of a fundamental nature and are introduced only in order not to
complicate the model and thereby simplify mathematical calculations.

Solution of Maxwell's equations
1. So, we assume that the qualitative model proposed above is
physically adequate. According to this model a photon is a spatially
limited area of a circular high-frequency electromagnetic field with a
2

frequency Ω = 𝑚0𝑐 ℏ that is modulated by a low-frequency component
with a frequency ω ≪ Ω. Now we give a rigorous theoretical description
of this model.
For this, first of all, we introduce a cylindrical coordinate system
(ρ,φ,𝑧) with unit vectors ⃗𝑖ρ, ⃗𝑖φ, ⃗𝑖𝑧, orienting its axis 𝑂𝑧 with unit vector ⃗𝑖𝑧
in the direction of the photon’s movement, and denote electric and
⃗
⃗
𝑧 , 𝑡 and
)
𝐻(ρ,φ,
𝑧 ,.𝑡 )
magnetic field vectors of a photon as 𝐸(ρ,φ,
Remaining within the framework of classical electrodynamics, we put the
Maxwell equations for vacuum, as the basis of our model, writing them in
a Gaussian system of units:
⃗
∂𝐻
𝑟𝑜𝑡𝐸⃗ =‒ 1
𝑐 ∂𝑡

(1)

𝑑𝑖𝑣 𝐸⃗ = 0,
⃗ = 0.
𝑑𝑖𝑣 𝐻

(2)
(3)
(4)

,
⃗
∂𝐸
𝑟𝑜𝑡𝐻⃗ = 1
𝑐 ∂𝑡 ,
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We assume that the electromagnetic wave of a photon is
transverse. This means that the components 𝐸𝑧 and 𝐻𝑧 of the vectors 𝐸⃗
and 𝐻⃗ are identically equal to zero:
𝐸𝑧 = 𝐻𝑧 = 0.
(5)
Given these equalities, the expressions for the rotor and divergence
of the vectors 𝐸⃗ and 𝐻⃗ take the form [22]
∂𝐹
∂𝐹
𝐹
∂𝐹
∂𝐹ρ
⃗
𝑟𝑜𝑡𝐹⃗ =‒ ∂𝑧φ⃗𝑖ρ + ∂𝑧ρ⃗𝑖φ + ρφ + ∂ρφ ‒ 1
ρ ∂φ 𝑖𝑧,
𝐹
∂𝐹
∂𝐹φ
𝑑𝑖𝑣𝐹⃗ = ρρ + ∂ρρ + 1
ρ ∂φ ,

(

where

𝐹⃗

)

(6)
(7)

⃗.
𝐸⃗ , 𝐻

denotes any of the vectors
2. We search a solution to the system of Maxwell equations (1)–(4)
in the form:
Ω
⃗
⃗
𝐸(ρ,φ,𝑧,𝑡)
= 𝐸0sin ω𝑡 ‒ ω
𝑐 𝑧 𝑖ρ𝑒ρ(ρ)cos 𝑎φ + Ω𝑡 ‒ 𝑐 𝑧 +

(

)[

(
)
+ ⃗𝑖 𝑒 (ρ)sin (𝑎φ + Ω𝑡 ‒ Ω
𝑐 𝑧)],
Ω
⃗
⃗
𝐻(ρ,φ,𝑧,𝑡)
= 𝐻 sin (ω𝑡 ‒ ω
𝑐 𝑧)[𝑖 ℎ (ρ)sin (𝑎φ + Ω𝑡 ‒ 𝑐 𝑧) +
+ ⃗𝑖 ℎ (ρ)cos (𝑎φ + Ω𝑡 ‒ Ω
𝑐 𝑧)],

.

(8)

φ φ

0

ρ ρ

φ φ

𝑒ρ(ρ), 𝑒φ(ρ), ℎρ(ρ), ℎφ(ρ)

where 𝑎 is a positive or negative integer,
dimensionless functions to be determined (sought-for),

.

(9)
are four

π

с t    z  ct
 ω

and 𝐸⃗ = 𝐻⃗ = 0 if z  с t  π  or 𝑧 > 𝑐𝑡.


ω

Using trigonometric identities [23]
sin αsin β = 1
2[cos (α ‒ β) ‒ cos (α + β)],

(10)

sin αcos β = 1
2[sin (α ‒ β) + sin (α + β)],

(11)

we rewrite expressions (8), (9) in the form:
⃗
⃗
𝐸⃗ = 1
2𝐸0[𝑖ρ𝑒ρ(ρ)(sin ψ1 ‒ sin ψ2) ‒ 𝑖φ𝑒φ(ρ)(cos ψ1 ‒ cos ψ2)],

(12)

⃗ = 1𝐻0[ ‒ ⃗𝑖ρℎρ(ρ)(cos ψ1 ‒ cos ψ2) + ⃗𝑖φℎφ(ρ)(sin ψ1 ‒ sin ψ2)],
𝐻
2

(13)

or

where
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⃗
⃗
𝐸⃗ = 1
2 (𝐸 1 ‒ 𝐸 2 ),

(14)

⃗ = 1 (𝐻
⃗
⃗
𝐻
2 1 ‒ 𝐻2 ) ,

(15)
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𝐸⃗ 𝑖 = 𝐸0[⃗𝑖ρ𝑒ρ(ρ)sin ψ𝑖 ‒ ⃗𝑖φ𝑒φ(ρ)cos ψ𝑖],

(16)

⃗ 𝑖 = 𝐻0[ ‒ ⃗𝑖ρℎρ(ρ)cos ψ𝑖 + ⃗𝑖φℎφ(ρ)sin ψ𝑖],
𝐻

(17)

ψ𝑖(φ,𝑧,𝑡) = 𝑎φ + [Ω ‒ ( ‒ 1) ω] 𝑡 ‒ 𝑧𝑐 , 𝑖 = 1; 2.
𝑖

( )

(18)
Further, since Maxwell's equations are linear, the system of equations
(1)–(4) can be replaced by an equivalent double system of equations - one
for the vectors 𝐸⃗ 1, 𝐻⃗ 1 and the other for the vectors 𝐸⃗ 2, 𝐻⃗ 2:
⃗𝑖
∂𝐻
𝑟𝑜𝑡𝐸⃗ 𝑖 =‒ 1
𝑐 ∂𝑡 ,

(19)

∂𝐸⃗
⃗ 𝑖 = 1 𝑖,
𝑟𝑜𝑡𝐻
𝑐 ∂𝑡

(20)

𝑑𝑖𝑣𝐸⃗ 𝑖 = 0,

(21)

⃗ 𝑖 = 0.
𝑑𝑖𝑣𝐻

(22)
In addition, as follows from the explicit form of the functions ψ𝑖
(18) and the system of equations (19)–(22), the solutions of pairs of these
equations that differ only in the index value «1» or «2» in formula (18)
and in these equations, will differ from each other only by replacement
(Ω + ω)⇆(Ω ‒ ω). Therefore, setting the notation Ω' = Ω ‒ ( ‒ 1)𝑖ω and
ψ(φ,𝑧,𝑡) = 𝑎φ + Ω' 𝑡 ‒ 𝑧𝑐 ,

( )

(23)
we can find a solution to a system of equations of the form (19)–(22), in
which the index 𝑖 is dropped (and then this system formally reduces to
'
(1)–(4)), and then in this solution replace the quantity Ω or by Ω + ω (for
𝑖 = 1), or on Ω ‒ ω (for 𝑖 = 2).
3. So, temporarily dropping the index 𝑖 in formulas (16), (17), (19)–
(21), we introduce the following notation:
𝐸ρ = 𝐸0𝑒ρ(ρ)sin ψ,
𝐸φ =‒ 𝐸0𝑒φ(ρ)cos ψ,
(24)
𝐻ρ =‒ 𝐻0ℎρ(ρ)cos ψ,
𝐸φ = 𝐻0ℎφ(ρ)sin ψ.
(25)
Taking into account equalities (6) and (7), we write out the explicit
form of Maxwell's equations, which must satisfied by the four components
(24), (25) of the vectors 𝐸⃗ 1, 𝐻⃗ 1 (or 𝐸⃗ 2, 𝐻⃗ 2). There are eight such equations:
∂𝐸φ 1∂𝐻ρ
∂𝑧 = 𝑐 ∂𝑡 ,
∂𝐸ρ
1∂𝐻φ
∂𝑧 =‒ 𝑐 ∂𝑡 ,
𝐸φ ∂𝐸φ 1∂𝐸ρ
ρ + ∂ρ ‒ ρ ∂φ = 0,

(26)
(27)
(28)
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∂𝐻φ
1∂𝐸ρ
∂𝑧 =‒ 𝑐 ∂𝑡 ,
∂𝐻ρ 1∂𝐸φ
∂𝑧 = 𝑐 ∂𝑡 ,
𝐻φ ∂𝐻φ 1∂𝐻ρ
ρ + ∂ρ ‒ ρ ∂φ = 0,
𝐸ρ ∂𝐸ρ 1∂𝐸φ
ρ + ∂ρ + ρ ∂φ = 0,
𝐻ρ ∂𝐻ρ 1∂𝐻φ
ρ + ∂ρ + ρ ∂φ = 0.

(29)
(30)
(31)
(32)

(33)
Given the dependencies expressed by formulas (23)–(25), we find
the derivatives that appear in equations (26)–(33):
∂𝐸φ
Ω'𝑒 (ρ)sin ψ, ∂𝐸ρ =‒ 𝐸 Ω'𝑒 (ρ)cos ψ,
𝐸
=‒
0
0𝑐 ρ
∂𝑧
∂𝑧
𝑐 φ
∂𝐸φ
∂𝐸φ
∂𝐸ρ
∂ρ =‒ 𝐸0 ∂ρ cos ψ,
∂φ = 𝐸0𝑎𝑒ρ(ρ)cos ψ,
∂𝐸ρ
∂𝐸ρ
∂𝐸φ
∂ρ = 𝐸0 ∂ρ sin ψ,
∂φ = 𝐸0𝑎𝑒φ(ρ)sin ψ,
∂𝐸ρ
∂𝐸φ
'
'
∂𝑡 , = 𝐸0Ω 𝑒ρ(ρ)cos ψ,
∂𝑡 = 𝐸0Ω 𝑒φ(ρ)sin ψ,
∂𝐻φ
Ω'ℎ (ρ)cos ψ, ∂𝐻ρ =‒ 𝐻 Ω'ℎ (ρ)sin ψ,
=‒
𝐻
0
0𝑐 ρ
∂𝑧
𝑐 φ
∂𝑧

∂𝐻φ
𝑑ℎφ
∂ρ = 𝐻0 𝑑ρ sin ψ,
∂𝐻ρ
𝑑ℎρ
∂ρ =‒ 𝐻0 𝑑ρ cos ψ,
∂𝐻ρ
'
∂𝑡 = 𝐻0Ω ℎρ(ρ)sin ψ,

∂𝐻ρ
∂φ = 𝐻0𝑎ℎρ(ρ)sin ψ,
∂𝐻φ
∂φ = 𝐻0𝑎ℎφ(ρ)cos ψ,
∂𝐻φ
'
∂𝑡 = 𝐻0Ω ℎφ(ρ)cos ψ.

(34)
(35)
(36)
(37)
(38)
(39)
(40)

(41)
Substituting these expressions in equations (26)–(33), we come at
the following system of equalities:
‒ 𝐸0𝑒φ(ρ) = 𝐻0ℎρ(ρ),
(42)
𝐸0𝑒ρ(ρ) = 𝐻0ℎφ(ρ),
(43)
𝑒φ(ρ) 𝑑𝑒φ
𝑒ρ(ρ)
ρ + 𝑑ρ + 𝑎 ρ = 0,
(44)
𝐻0ℎφ(ρ) = 𝐸0𝑒ρ(ρ),
(45)
‒ 𝐻0ℎρ(ρ) = 𝐸0𝑒φ(ρ),
(46)
ℎφ(ρ) 𝑑ℎφ
ℎρ(ρ)
ρ + 𝑑ρ ‒ 𝑎 ρ = 0,
(47)
𝑒ρ(ρ) 𝑑𝑒ρ
𝑒φ(ρ)
ρ + 𝑑ρ + 𝑎 ρ = 0,
(48)
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ℎρ(ρ) 𝑑ℎρ
ℎρ(ρ)
+
‒
𝑎
ρ
𝑑ρ
ρ = 0.

(49)
Note that the system of equations (42)–(49) coincides (up to the
replacement 𝑎⇄ ‒ 𝑎) with the system of equations (24)–(29) by S.I.
Khmelnik [18]. But while in [18] such a system of equations relates to the
components of the vectors 𝐸⃗ and 𝐻⃗ of the sought-for (resulting) field,
here it refers only to the components of the intermediate, formally
introduced vectors 𝐸⃗ 𝑖 and 𝐻⃗ 𝑖. Nevertheless, such a coincidence indicates
that the structure of a photon field in the plane orthogonal to the
direction of its propagation will be either a special case of the field found
in [18] or a linear combination of fields of this type.
Returning to the system of equations (42)–(49), we note that
equality (46) coincides with equality (42), and equality (45) coincides with
(43), so that the number of equations thus decreases to six. Moreover,
from equalities (42), (43) it follows that
𝐸
ℎρ(ρ) =‒ 𝐻0 𝑒φ(ρ),

(50)

0

𝐸
ℎφ(ρ) = 𝐻0 𝑒ρ(ρ).
0

Substituting these expressions for
(47), (49), we come at the equations

ℎρ(ρ)

and

ℎφ(ρ)

𝑑𝑒ρ 𝑒ρ(ρ)
𝑒φ(ρ)
𝑑ρ + ρ + 𝑎 ρ = 0,
𝑑𝑒φ 𝑒φ(ρ)
𝑒ρ(ρ)
+
+
𝑎
𝑑ρ
ρ
ρ = 0,

(51)
into equalities
(52)

(53)
which exactly coincide with equations, respectively, (48) and (44).
4. Thus, the original system of partial differential equations (26)–
(33) was reduced to a system of only two ordinary differential equations
(52), (53) for the two functions 𝑒ρ(ρ) and 𝑒φ(ρ). Differentiating with
respect to ρ, for example, both sides of the first of these equations and
using the expression for 𝑑𝑒φ 𝑑ρ from the second equation, after simple
transformations, we come at the following ordinary second-order
differential equation for the function 𝑒ρ(ρ):
ρ

2𝑑

2

𝑒ρ
𝑑𝑒ρ
2
2 + 3ρ 𝑑ρ + (1 ‒ 𝑎 )𝑒ρ = 0.
𝑑ρ

(54)
This equation is a special case of the Euler equation [24], which we
will solve by the standard method given in the reference [24]. Namely,
following the indicated method, taking into account the values of the
2
coefficients 3 and (1 ‒ 𝑎 ) of equation (54), we compose a system of
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algebraic equations for exponents α and β in the general solution of the
Euler equation:
α + β =‒ 2,
αβ = 1 ‒ 𝑎2.
(55)
From here we find:
α =‒ 1 ± |𝑎|,
β =‒ 1 ∓ |𝑎|,
(56)
𝑎
≠
0
α
≠
β
so for
the inequality
holds. Therefore, the general solution of
equation (54) has the form [24]:
𝑒ρ(ρ) = 𝐶1ρ ‒ (1 + |𝑎|) + 𝐶2ρ ‒ (1 ‒ |𝑎|),
𝐶1

(57)

𝐶2

where and are arbitrary constants having, as follows from this
formula, different dimensions. Then
𝑑𝑒ρ
‒ (2 + |𝑎|)
‒ (1 ‒ |𝑎|)𝐶2ρ ‒ (2 ‒ |𝑎|).
𝑑ρ =‒ (1 + |𝑎|)𝐶1ρ
𝑒ρ
‒ (2 + |𝑎|)
+ 𝐶2ρ ‒ (2 ‒ |𝑎|).
ρ = 𝐶1ρ

(58)

(59)
Substituting these expressions in formula (52), we obtain the
function 𝑒φ(ρ):
‒ (1 + |𝑎|)
𝑒φ(ρ) = |𝑎|
‒ 𝐶2ρ ‒ (1 ‒ |𝑎|)],
𝑎 [𝐶 1 ρ

and using relations (50) and (51), we find the functions

(60)
ℎρ(ρ), ℎφ(ρ):

𝐸0
‒ (1 + |𝑎|)
ℎρ(ρ) =‒ |𝑎|
‒ 𝐶2ρ ‒ (1 ‒ |𝑎|)],
𝑎 𝐻 [𝐶 1 ρ
0

(61)

𝐸
ℎφ(ρ) = 𝐻0 [𝐶1ρ ‒ (1 + |𝑎|) + 𝐶2ρ ‒ (1 ‒ |𝑎|)].

(62)
In order to exclude mathematical solutions leading to non-physical
(as the author considers) – zero or infinite – values of electric and magnetic
fields on the photon axis, i.e. at ρ = 0, we assume that the parameter 𝑎 can
take only two values – plus or minus one: 𝑎 =± 1. In this case, the
different signs of 𝑎, as will be seen from the final result, correspond to
two possible projections of the photon spin onto the direction of its
motion, which coincides with the 𝑂𝑧 axis.
In addition, we denote by ρ0 a certain characteristic transverse size
of the photon (of the order of its radius) to be determined, and introduce
the dimensionless variable ξ characterizing the distance of point of wave
from the longitudinal axis of the photon:
0

ξ ≝ ρρ .
0

(63)

As a result, expressions (57), (60)–(62) take the form:
𝑒ρ(ξ) = 𝐶 1∗ ξ ‒ 2 + 𝐶 2∗ ,
106
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𝐶 1∗ ξ ‒ 2 ‒ 𝐶 2∗

),

(65)

𝐸
ℎρ(ξ) =∓ 𝐻0 (𝐶 1∗ ξ ‒ 2 ‒ 𝐶 2∗ ),
0

(66)

𝐸
ℎφ(ξ) = 𝐻0 (𝐶 1∗ ξ ‒ 2 + 𝐶 2∗ ).
0

(67)
Here and below, the upper signs in the formulas correspond to the
∗

∗

value 𝑎 =+ 1, the lower signs correspond to the value 𝑎 =‒ 1, 𝐶 1 and 𝐶 2
are new, now dimensionless constants. (Note that in [18] only a particular
but not a general solution of the considered system of equations was
found.)

The structure of electromagnetic field of the photon
5.

We divide area of change of the radial coordinate ρ into two
areas:
and ρ ≥ ρ0, which corresponds to the values 0 ≤ ξ < 1 and
ξ ≥ 1. The first of them will be called the «core area» of the photon, the
other - the outer area. Such a partition, obviously, does not affect the
general form of the functions 𝑒ρ(ξ), 𝑒φ(ξ), ℎρ(ξ), ℎφ(ξ) expressed by
formulas (64)–(67) (which follows from the derivation of these formulas,
independent from the value of ξ). This means that these formulas remain
0 ≤ ρ ≤ ρ0

∗

∗

valid in each of these areas. However, the pair of constants 𝐶 1 and 𝐶 2 in
different areas can have, generally speaking, different values, which,
nevertheless, will not be completely independent from each other,
submitting to one or another conditions for matching solutions on the
boundary ξ = 1.
So, we will assume, by definition, that in the photon core area in
∗

which 0 ≤ ξ < 1, the functions 𝑒ρ(ξ) and 𝑒φ(ξ) are constant, so that 𝐶 1 ≝ 0,
𝐶 2∗ ≝‒ 1,

∗

and in the outer area (shell), where ξ ≥ 1, on the contrary, 𝐶 2 ≝ 0,
∗

and the value of the constant 𝐶 1 is determined from the condition of
continuity of the function 𝑒φ(ξ) for all ξ ∈ [0; ∞), which leads to the value
𝐶 1∗ = 1

in this areas. The result is that
𝑒ρ(ξ) =

0≤ξ<1
,
{ξ ‒ 1,, если
если ξ > 1
‒2

± 1, если 0 ≤ ξ < 1
𝑒φ(ξ) =
,
± ξ ‒ 2, если ξ > 1

{

(68)
(69)
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ℎρ(ξ) =

{

𝐸
∓ 𝐻0 ,

если 0 ≤ ξ < 1

𝐸
∓ 𝐻0 ξ ‒ 2,

если ξ > 1

0

,

(70)

0

{

𝐸
‒ 𝐻0 , если 0 ≤ ξ < 1
0

ℎφ(ξ) = 𝐸
0 ‒2
𝐻0 ξ ,

,

если ξ > 1

(71)

the function ℎρ(ξ) is continuous in the entire range of ξ ∈ [0; ∞),
functions 𝑒ρ(ξ) and ℎφ(ξ) are discontinuous at ξ = 1. In this case,

i.e. also
and the
for this value of ξ, equalities (19) and (21) can be violated. (Recall that the
different signs in the pairs « ± » and « ∓ » correspond to two possible
projections of the photon spin on the direction of its motion.)
Now we can substitute expressions (68)–(71) into formulas (16),
(17). After such a substitution, the expressions for the vectors 𝐸⃗ 𝑖 and 𝐻⃗ 𝑖
(where 𝑖 = 1; 2) take the form:
𝐸⃗ 𝑖 = 𝐸0( ‒ ⃗𝑖ρsin ψ𝑖 ± ∓ ⃗𝑖φcos ψ𝑖 ± ),

(72)

⃗ 𝑖 = 𝐸0( ± ⃗𝑖ρcos ψ𝑖 ± ‒ ⃗𝑖φsin ψ𝑖 ± )
𝐻

(73)

in the core of the photon and
𝐸⃗ 𝑖 = 𝐸0(⃗𝑖ρsin ψ𝑖 ± ∓ ⃗𝑖φcos ψ𝑖 ± ) ξ ‒ 2,

(74)

⃗ 𝑖 = 𝐸0( ± ⃗𝑖ρcos ψ𝑖 ± + ⃗𝑖φsin ψ𝑖 ± ) ξ ‒ 2
𝐻

(75)
in the area of its shell (where ξ > 1). Here, according to formula (18) and
the values of the parameter 𝑎 adopted by us,
ψ𝑖 ± (φ,𝑧,𝑡) =± φ + [Ω ‒ ( ‒ 1)𝑖ω] 𝑡 ‒ 𝑧𝑐 .
(76)
Finally, we only have to substitute expressions (72)–(75) into
formulas (14), (15) for vectors of the electric and magnetic fields of the
photon. As a result, after simple transformations, taking into account
formula (76), we get that in the core area of the photon (where 0 ≤ ξ < 1)

( )

𝐸⃗ = 𝐸0( ‒ ⃗𝑖ρcos Ψ ± ± ⃗𝑖φsin Ψ ± )sin ω 𝑡 ‒ 𝑧𝑐 ,
⃗ = 𝐸0( ∓ ⃗𝑖ρsin Ψ ± ‒ ⃗𝑖φcos Ψ ± )sin ω 𝑡 ‒ 𝑧 ,
𝐻
𝑐
ξ
>
1
and in the area of the shell (where
)
𝐸0
𝐸⃗ = 2 (⃗𝑖ρcos Ψ ± ± ⃗𝑖φsin Ψ ± )sin ω 𝑡 ‒ 𝑧𝑐 ,
ξ
𝐸
⃗ = 20( ∓ ⃗𝑖ρsin Ψ ± + ⃗𝑖φcos Ψ ± )sin ω 𝑡 ‒ 𝑧 .
𝐻
𝑐
ξ
108

[ ( )]
[ ( )]

(77)

[ ( )]
[ ( )]

(79)

(78)

(80)
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Here
Ψ ± =± φ + Ω 𝑡 ‒ 𝑧𝑐 .

( )

(81)
Expressions (77)–(81) specify the initial representations (8), (9) of
the electric and magnetic fields of the photon. Herewith, according to
these expressions, the amplitude values of 𝐸0 and 𝐻0 of these fields turn
out to be the same: 𝐸0 = 𝐻0.
6.
We will establish the basic properties of the electric and
magnetic fields of the photon. First, we will more clearly represent the
structure of these fields. To do this, we pass from the cylindrical coordinate
system to the Cartesian, using the following relations between the orts of
these coordinate systems [1]:
⃗𝑖ρ = ⃗𝑖𝑥cos φ + ⃗𝑖𝑦sin φ,

(82)

⃗𝑖φ =‒ ⃗𝑖𝑥sin φ + ⃗𝑖𝑦cos φ.

(83)
Substituting these expressions in formulas (77)–(81), introducing
the notation
η ≝ Ω 𝑡 ‒ 𝑧𝑐

( )

(84)

and noticing that
sin Ψ ± =± sin φcos η + cos φsin η,

(85)
(86)
after simple transformations, we obtain the following expressions for the
vectors 𝐸⃗ and 𝐻⃗ . In the core of the photon
cos Ψ ± = cos φcos η ∓ sin φsin η,

𝐸⃗ = 𝐸0( ‒ ⃗𝑖𝑥cos η ± ⃗𝑖𝑦sin η)sin ω 𝑡 ‒ 𝑧𝑐 ,
⃗ = 𝐸0( ∓ ⃗𝑖𝑥sin η ‒ ⃗𝑖𝑦cos η)sin ω 𝑡 ‒ 𝑧 ,
𝐻
𝑐

[ ( )]
[ ( )]

(87)
(88)

and in the area of its shell:
𝐸0
[⃗𝑖 cos (2φ ± η) + ⃗𝑖𝑦sin (2φ ± η)]sin ω 𝑡 ‒ 𝑧𝑐 ,
ξ2 𝑥
𝐸
⃗ = 20[ ‒ ⃗𝑖𝑥sin (2φ ± η) + ⃗𝑖𝑦cos (2φ ± η)]sin ω 𝑡 ‒ 𝑧 .
𝐻
𝑐
ξ
𝐸⃗ =

[ ( )]
[ ( )]

(89)

(90)
It follows from formulas (89), (90) that two patterns representing
the directions of the vectors 𝐸⃗ and 𝐻⃗ of electromagnetic field of the
photon at the same time moment but in two planes, the distance between
which is equal to π𝑐 4Ω, differ from each other by rotation all vectors by
the angle π 4.
We will find the modules of the vectors 𝐸⃗ and 𝐻⃗ . To do this, we
will square each of the expressions (87)–(90). This gives:
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where the function

⃗ 2 = 𝐸02𝑓(ξ)sin2 ω 𝑡 ‒ 𝑧 ,
𝐸⃗ 2 = 𝐻
𝑐
𝑓(ξ) is

𝑓(ξ) ≝

{ξ1, ,
‒4

[ ( )]

(91)

если 0 ≤ ξ ≤ 1
.
если ξ ≥ 1

(92)

From here
|𝐸⃗ | = |𝐻⃗ | = 𝐸0 𝑓(ξ)sin ω 𝑡 ‒ 𝑧𝑐 .
(93)
Thus, at any fixed moment of time in the core area of the photon
(i.e., for ρ < ρ0), the modules of the vectors 𝐸⃗ and 𝐻⃗ do not depend neither
on the coordinates 𝑥 and 𝑦 of the field point nor on the angle φ, but
depend on the longitudinal coordinate 𝑧. This means that in this area at
any fixed time instant in any plane 𝑧 = 𝑧0, orthogonal to the 𝑂𝑧 axis of the
photon, the electric and magnetic fields of the photon are homogeneous,
but at the same time, the corresponding vectors of these fields in different
planes (having different values 𝑧0) are rotated relative to each other by a
certain angle.
At the same time, in the photon shell area (i.e., for ρ > ρ0), the
electric and magnetic fields of the photon are inhomogeneous and
asymmetric: their values depend on the distance ρ = ξρ0 of the considered
field point from the photon axis 𝑂𝑧, and their directions at any fixed
moment time depend on the angle φ and the value of the 𝑧 coordinate of
this point. Herewith, from a comparison of formulas (89), (90) for the
vectors 𝐸⃗ and 𝐻⃗ and formulas (82), (83) it follows that at any fixed time
𝑡 = 𝑡0 in any plane 𝑧 = 𝑧0 the vector 𝐸⃗ forms angle φ ∗ with axis 𝑂𝑥, where

[ ( )]

𝑧
φ ∗ = 2φ ± Ω 𝑡0 ‒ 𝑐0 ,

(

⃗ forms
𝐻

∗∗

)

(94)

∗

and the vector
the angle φ = φ ± π 2.
The orthogonality of the vectors 𝐸⃗ and 𝐻⃗ can be verified in a
different way by calculating their scalar product (𝐸⃗ ∙ 𝐻⃗ ). We will proceed,
for example, from expressions (77)–(80). Then, given that the unit
vectors ⃗𝑖ρ and ⃗𝑖φ at each point in space are mutually perpendicular, so
that (⃗𝑖ρ ∙ ⃗𝑖ρ) = (⃗𝑖φ ∙ ⃗𝑖φ) = 1, (⃗𝑖ρ ∙ ⃗𝑖φ) = 0, we get that at any point both the
core of the photon and its shell
(𝐸⃗ ∙ 𝐻⃗ ) = 𝐸02𝑓(ξ)( ∓ cos Ψ ± nsi Ψ ± ± sin Ψ ± cos Ψ ± )nsi
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2

[ω(𝑡 ‒ 𝑧𝑐)] ≡ 0. (95)
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Derivation of formulas for calculating characteristics
of electromagnetic field of the photon
7. Now it is easy to find the local density 𝑤 (ξ ,𝑧 , 𝑡 ) of the
electromagnetic energy of the photon, which is determined by the
formula [25]
1 𝐸⃗ 2 + 𝐻
⃗ 2 ).
𝑤 = 8π
(

(96)
Substituting expressions (94) here, we obtain the following
expression, which does not depend on the angular coordinate φ and
frequency Ω and (at any fixed time 𝑡) is a smoothly varying function of
the 𝑧 coordinate:
1 𝐸2𝑓(ξ)sin2 ω 𝑡 ‒ 𝑧 .
𝑤 = 4π
0
𝑐

[ ( )]

(97)
To find the energy flux density in moving with speed photon as
a function of coordinates and time, we use the Poynting formula [25]
𝑆⃗

𝑐

𝑐 𝐸⃗ × 𝐻
⃗ ],
𝑆⃗ = 4π
[

(98)

where [𝐸⃗ × 𝐻⃗ ] is the vector product of the vectors 𝐸⃗ and 𝐻⃗ . And because
the [⃗𝑖𝑥 × ⃗𝑖𝑦] = ⃗𝑖𝑧, [⃗𝑖𝑥 × ⃗𝑖𝑥] = [⃗𝑖𝑦 × ⃗𝑖𝑦] = 0,
𝑐 𝐸2𝑓(ξ)sin2 ω 𝑡 ‒ 𝑧 ⃗𝑖 .
𝑆⃗ = 4π
0
𝑐 𝑧

[ ( )]

(99)
Therefore, the vector of energy flux density of the photon at any
point, both in the core and in the photon shell, is directed only along the
unit vector ⃗𝑖𝑧, i.e. along the direction of its movement. The components
of this vector, orthogonal to the unit vector ⃗𝑖𝑧, are equal to zero. This
means that in the process of motion the photon energy is not scattered, i.e.
the photon moves as a compact, non-blurry object, which is a bunch of
an alternating electromagnetic field.
In this case, the vector of energy flux density of the photon 𝑆⃗ turns
out to be related to energy density of this photon 𝑤 by the classical
relation
𝑆⃗ = 𝑐𝑤⃗𝑖𝑧,

(100)
indicating that the photon energy concentrated at any of its points moves
in space in the direction of the vector ⃗𝑖𝑧 with speed 𝑐.
Let us pay attention to an important fact: as follows from formulas
(97) and (99), the energy density of the photon 𝑤 and the flux density of
this energy 𝑆⃗ do not depend on the high-frequency (with frequency
Ω ≫ ω) component of the wave, and in the virtual reference frame
accompanying the photon at any moment of time, they are symmetric
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functions of the coordinate counted along the photon axis, at the
beginning, on the first half ∆ 𝑧= π𝑐 2ω of the photon core length,
monotonically increasing from zero to values, respectively,
2

𝑤𝑚 𝑎 𝑥= 𝐸20𝑓(ξ) 4π

and |𝑆⃗ |𝑚𝑎𝑥 = 𝑐𝐸 0𝑓(ξ) 4π, then also monotonously
decreasing to zero in its second half as it approaches the core end. This
means that a photon, despite the presence of a high-frequency
component in its electromagnetic field, in the energy aspect is a single,
integral, not divided into separate parts, compact, spatially symmetrical
formation.
8. Recall that in the above expressions the parameters 𝐸0 and ρ0
of the photon remained unknown. We will find them using the two
fundamental principles of quantum theory, according to which the total
energy ε of a photon of frequency ω is ℏω, where ℏ is the Planck
constant, and the angular momentum 𝑀 of the photon is ℏ: ε = ℏω,
𝑀 = ℏ. First, using formula (97), we will find the expression following
from it, for the total energy ε of the photon. To do this, formally let's
switch to the virtual reference frame accompanying the photon and

( 𝑧)

ζ=ω 𝑡‒𝑐
introduce for our convenience a new variable
, where
ω𝑡 ‒ π ≤ ζ ≤ ω𝑡. As a result, expression (97) comes to the form:

1 𝐸2𝑓(ξ)sin2 ζ.
𝑤 = 4π
0

(101)

Let’s integrate it throughout the space:
2π

ε=

∞

∫ ∫
𝑑φ

0

0

π𝑐 ω

𝑑ρ ∙ ρ

∫ 𝑑𝑧 ∙ 𝑤(ρ,𝑧) =
0

=

(𝐸 0 ρ 0 )2 𝑐
2ω

∞

ω𝑡

∫𝑑ξ ∙ ξ𝑓(ξ) ∫ 𝑑ζ ∙ sin
0

ω𝑡 ‒ π

2

ζ.

(102)

As a result, we get:
ε=

π (𝐸 0 ρ 0 )2 𝑐
4ω .

(103)
It turns out that the photon energy is equally distributed between
its core and the shell.
Equating the right part of this expression to the product ℏω, we
find the first equation which connects parameters 𝐸0 and ρ0:
ℏ ω.
𝐸0ρ0 = 2 π𝑐

(104)
9. Turning to the calculation of the angular momentum 𝑀 of the
electromagnetic field of the photon, we note that, despite the stationarity
112
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of this field in a virtual reference frame moving with the photon at a
speed 𝑐 along the 𝑂𝑧 axis, this field is unsteady in the resting laboratory
∗
reference frame and rotates with some angular velocity Ω around the
axis 𝑂𝑧. That is why in this reference frame a non-zero angular
momentum of the photon will be registered.
We will proceed from the usual classical formula for the angular
momentum [26]. Namely, we will find the angular momentum modulus
|𝑑𝑀| of volume element 𝑑𝑉 = ρ𝑑ρ𝑑φ𝑑𝑧 of the electromagnetic field using
the formula
|𝑑𝑀| = ρ2|Ω ∗ |𝑑𝑚,
(105)
where
𝑤(ρ,𝑧)𝑑𝑉
𝑑𝑚 = 𝑑𝑤
2 =
𝑐
𝑐2
(106)
is element of the effective mass of the photon.
Passing to the dimensionless variables ξ , ζ, the definitions of
which are given above, further noting that in these variables 𝑑 𝑉=
= ‒ (𝑐 ω)ρ20ξ𝑑ξ𝑑φ𝑑ζ,

and substituting the expression for the energy

density (97), we find:
|𝑑𝑀| =

(𝐸0ρ20)2|Ω ∗ |𝑓(ξ)ξ3sin2 ζ𝑑ξ𝑑φ𝑑ζ.
4π𝑐ω

(107)
∗
From formulas (87)–(90) it follows that the angular velocity Ω of
rotation of the electromagnetic field of the photon in the laboratory
reference frame is close to the angular frequency Ω. We will calculate this
value more strictly. For this, assuming that the point of observation of a
passing photon is fixed, in formulas (87)–(90) we must fix the values of
∗
the angle φ and the coordinate 𝑧. Then the desired angular velocity Ω
will be numerically equal to the ratio of the rotation angle 𝑑δ, for
example, of the vector 𝐸⃗ , to a small time interval 𝑑𝑡, during which this
rotation occurred. But since, obviously, 𝑑δ = |𝑑𝐸⃗ | |𝐸⃗ | then
1 ∂𝐸⃗
|Ω ∗ | = 𝑑δ
𝑑𝑡 = |𝐸⃗ | ∂𝑡 .
(108)
Considering that the vector 𝐸⃗ is given by formulas (87), (89), after
simple, but cumbersome transformations, we find:

| |

|∂∂𝑡𝐸⃗ | = (∂∂𝑡𝐸⃗ ) = 𝐸
2

0

𝑓(ξ) ω2 + (Ω2 ‒ ω2)sin2 ω 𝑡 ‒ 𝑧 .
𝑐

[ ( )]

(109)

Substituting expressions (95) and (109) in the formula (108), we obtain:
ω2 + (Ω2 ‒ ω2)sin2 ω 𝑡 ‒ 𝑧𝑐
.
|Ω | =
sin ω 𝑡 ‒ 𝑧𝑐
∗

[ ( )]
| [ ( )]|

(110)
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But since we assume that the strong inequality Ω ≫ ω holds, then
along almost the entire length of the photon, except, possibly, its extreme
∗
points, the approximate equality |Ω | ≈ Ω is fulfilled with very great
accuracy, as we expected. Therefore, expression (107) can be rewritten in
the form:

(𝐸0ρ20)2Ω𝑓(ξ)ξ3sin2 ζ𝑑ξ𝑑φ𝑑ζ
|𝑑𝑀| ≈ 4π𝑐ω
To find the total angular momentum of the photon
expression must be integrated over all possible values of ξ, φ, ζ:

(𝐸 ρ20)2Ω
𝑀 ≈ 02𝑐ω

ξ𝑚

𝑀,

(111)
this

ω𝑡

∫𝑑ξ ∙ ξ 𝑓(ξ) ∫ 𝑑ζ ∙ sin
3

2

ζ

(112)
(in order to exclude the logarithmic divergence of the integral with
respect to ξ, we replaced the infinite upper limit in this integral by a large,
0

ω𝑡 ‒ π

πс

compared to unity, value ξ𝑚 ≝ ρ0ω, corresponding to the radius ρ equal
to the core length of the photon).
As a result of integration, we obtain the following expression for
the total angular momentum of the photon 𝑀:
𝑀≈

π(𝐸0ρ20)2Ω 𝑒1 4π𝑐
4𝑐ω ln ρ0ω ,

(

)

(113)

where 𝑒 is the base of the natural logarithm.
10. According to the above, we equate the value of 𝑀 with
Planck's constant ℏ. As a result, we obtain the second equation for
determining the parameters 𝐸0 and ρ0:
π(𝐸0ρ20)2Ω 𝑒1 4π𝑐
4𝑐ω ln ρ0ω = ℏ.
(114)

(

)

Eliminating 𝐸0 from here using the first of these equations –
equality (104), we come to an equation for ρ0 independent from ℏ:
ρ20ωΩ 𝑒1 4π𝑐
ln ρ ω = 1,
𝑐2
0
(115)

(

)

whose approximate solution under the condition Ω ≫ ω has the form:
ρ0 ≈

0,91𝑐
Ω
ωΩln ω

()

Then, as follows from equality (104),

114

.

(116)
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3
Ω .
𝐸0 ≈ 1,2 ℏω3 Ωln ω
𝑐

()

(117)
Thus, we obtained an explicit form of the dependence of the
photon core radius ρ0, which, as it turned out, does not depend on the
«quantum» Planck constant ℏ, i.e. is a purely classical parameter, and got
the form of the dependence of the maximum value of the electric field of
a photon on its observed frequency ω and frequency Ω of the highfrequency component of its electromagnetic field (which no one has yet
tried to detect in experiment).
We represent the expression (116) in the form:
ρ0 ≈ 0,91𝑐
ω

and find the ratio of the radius
𝐿 = πс ω of the core:
ρ0
𝐿 ≈

ρ0

1
.
Ω ln Ω
ω
ω

() ()

(118)
of the photon core to the length

0,3
.
Ω ln Ω
ω
ω

() ()

(119)
It follows that since Ω ≫ ω, then
i.e. the photon core is
geometrically similar to a long thin spoke or needle, which confirms the
conclusions of a number of scientists [27,28] about the «needle-like»
nature of light quanta. In this case, the photon field strength at a distance
2
ρ ≈ 𝐿 from its core is (ρ0 𝐿) ≪ 1 time less than the field strength at the
core boundary.
11. Now we pay attention to the fact that, as follows from a
comparison of expressions (77) and (79), the electric field vector 𝐸⃗ has a
discontinuity on the surface ξ = 1 separating the core of the photon and
its shell. Herewith, the nonzero value of the difference ∆𝐸𝑛 between the
normal components of this vector on both sides of this surface,
determined by the coefficients of the unit vector ⃗𝑖ρ, which is equal to
ρ0 ≪ 𝐿 ,

∆𝐸𝑛 = 2𝐸0cos Ψ ± sin ω 𝑡 ‒ 𝑧𝑐 ,

[ ( )]

(120)
means that on this surface there is a surface electric charge whose density σ
is related to ∆𝐸𝑛 by the relation [25] σ = ∆𝐸𝑛 4π. In this case
𝐸
σ = 2π0 cos ± φ + Ω 𝑡 ‒ 𝑧𝑐 sin ω 𝑡 ‒ 𝑧𝑐 .

[

( )] [ ( )]

(121)
Thus, the surface charge density at the core boundary is a periodic
function of the angle φ and the longitudinal coordinate 𝑧, and at any time
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𝑡0 in

the core section of any plane 𝑧 = 𝑧0 the linear charge density τ is
proportional to the cosine of the angle φ ± φ0(𝑧0,𝑡0). Note that the instant
value of the cosine argument in formula (121), written as φ = Ω𝑧/с + φ0,
represents the equation of a helical spiral with a step 𝐻 = 2π𝑐/Ω.
From the expression (121) and the conclusion given after the
formula (119), it follows that in the zero approximation the surface of
the photon core can be represented as a very thin long cylinder on
which there is a winding consisting of a single-layer double helical spiral
in the form of two tightly adjacent to each other narrow (Δ𝑙 = π𝑐 Ω
width each) long strips (or ribbons) charged one positively, the other
negatively. The number of turns of each ribbon in the winding
𝑁 ≈ 𝐿 2Δ𝑙 = Ω 2ω, and the length of the ribbon 𝐿𝑒 ≈ 2πρ0𝑁 = (πΩ ω)ρ0. In
this case, the longitudinal (along the ribbons) charge distribution in the
ribbons, determined by the last factor in formula (121), depends on the
distance 𝑠 from the beginning of the ribbon according to the law
σ' = σ0sin (π𝑠/𝐿𝑒) = sin (ω𝑠/Ωρ0) (where 0 ≤ 𝑠 ≤ 𝐿𝑒), and in the transverse
direction, the charge density changes according to the law of cosine:
σ'' = σ0c o s(Ω χ𝑐),

χ
where
is
the
transverse
coordinate
‒ π𝑐 2 Ω≤ χ ≤ π𝑐 2Ω ). As a result, the charge density of each ribbon as a
function of its coordinates (𝑠,χ)can be represented as:

𝐸
ω𝑠
σ(𝑠,χ) = 2π0 cos Ωχ
𝑐 sin Ωρ0 .

( ) ( )

(122)
Integrating this expression over the entire area of the ribbon, we
find its total charge 𝑞 ± :
𝑞±

𝐸
=± 2π0

𝐿𝑒

Δ𝑙/2

ω𝑠 𝑑𝑠 =± 𝑐 𝐸 ρ .
∫ cos (Ωχ𝑐)𝑑χ∫sin (Ωρ
) πω( )
0

0 0

(123)
Finally, substituting here the expression for the product 𝐸0ρ0,
‒ Δ𝑙/2

0

2
determined by the formula (104), and taking into account that ℏс = 𝑒0/α,
2

where 𝑒0 is the electron charge, α = 𝑒0 ℏс ≈ 1/137 is the fine structure
constant, after simple transformations, we come to the following
expression for the charge of each strip of the ribbon (i.e., the charged
strip in the form of a helical spiral on the surface of the photon core):
𝑞 ± =±

2𝑒0

π

𝑞 = 𝑞+ + 𝑞‒,

3/2

α

.

(124)

The total photon charge
of course, is equal to zero.
Thus, the photon model proposed here leads to such value of the
charge of each of two oppositely charged helical spirals that exist,
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according to the model, on the surface of the photon core, which is
independent of the photon parameters and, therefore, is the same for all photons.
The author considers this unexpected for him result to be important
evidence in favor of this photon model.

Calculation of electromagnetic field parameters
of some photons
12. Recall that the frequency Ω of the high-frequency component
of the electromagnetic field of the photon is related to the rest mass 𝑚0
of a charged elementary particle (electron, proton, muon, etc.), the
change of state of which leads to the emission of this photon, by the
2

relation Ω = 𝑚0𝑐 ℏ. Substituting this expression in the formulas (117),
(118), we rewrite them in the form:
𝑚0 𝑐 2
ℏ
ρ0 ≈ 0.91 𝑚 ω ln ℏω
0

[ ( )]
( )
3

‒1
2

,

(125)

2

𝐸0 ≈ 1.2 𝑚0ω ln 𝑚0𝑐 .
𝑐
ℏω
numerical values of ρ0 and 𝐸0

(126)
We will find the
for the photons
emitted by the electrons of hydrogen atoms in the spectral line 𝐻α of the
Balmer series (visible area of the spectrum) and the line 𝐿α of the Lyman
series (ultraviolet area of the spectrum). As known, the electron energy
levels of a hydrogen atom are determined by the expression [21]:
𝐸𝐻𝑛 =‒

𝑚0𝑒04
=‒ 1 2α2𝑚0𝑐2,
2ℏ2𝑛2
2𝑛

(127)
(where 𝑛 = 1, 2, 3, … is the number of the electron orbit, called the
principal quantum number, 𝑚0 is the mass of the electron, α is the fine
structure constant), and the frequency ω of the generated photons is
expressed by
2
2
2
2
1 𝐸 𝐻 ‒ 𝐸 𝐻 = α 𝑚0 𝑐 1 ‒ 1 = α 𝑚0 𝑐 𝑇 ,
ω = ω𝑛𝑚 = ℏ
( 𝑛 𝑚) 2ℏ 𝑚2 𝑛2
𝑛𝑚
2ℏ

(

)

(128)
where
As a result, expressions (125), (126)
take a more convenient form for calculations:
‒ 1/2
ρ0 ≈ 1.8 ∙ 102λ𝑐 T𝑛𝑚ln 2 2
,
α 𝑇𝑛𝑚
(129)
𝑇𝑛𝑚 = (1 𝑚2) ‒ (1 𝑛2), 𝑛 > 𝑚.

[

(

)]
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𝐸0 ≈ 1.6 ∙ 10 ‒ 7

𝑚0 𝑐 2 3
2 ,
𝑇 ln
λ3𝑐 𝑛𝑚 α2𝑇𝑛𝑚

(

ℏ
where λ𝑐 = 𝑚0𝑐 is Compton wavelength
‒ 11
case of an electron λ𝑐 ≈ 3.86 ∙ 10
cm [29].

)

(130)

of a charged particle; in the

Let us compare the value of ρ0 with the average value 〈ρ𝑛𝑚〉 of the
distance of the electron from the nucleus of the atom during the
generation of the photon, and the value of 𝐸0 with the strength 〈𝐸𝑛𝑚〉 of
electric field created by the nucleus of the atom at a distance 〈ρ𝑛𝑚 〉 from it.
λ

ℏ
𝑐
‒9
〈ρ𝑛𝑚〉 ≝ 12(ρ𝑛 + ρ𝑚) = 12ρ𝐵(𝑛2 + 𝑚2) ρ𝐵 = α𝑚0𝑐 = α ≈ 5.3 ∙ 10
Here
,
cm is

the radius of the first Bohr orbit of the electron closest to the nucleus in

〈𝐸𝑛 𝑚〉 = 𝑒0 〈ρ𝑛 𝑚〉2 =

4 𝑒0

α
(
λ
(𝑛 + 𝑚 ) ) .
2

2

2

𝑐
the hydrogen atom,
Note that
electric field created by the nucleus of a given atom at the points of the
11

first Bohr orbit of an electron is 𝐸0𝐵 ≈ 5.13 ∙ 10 V/m.
So, taking into account equalities (129) and (130), we obtain for
ρ
𝐸
ratios 0 〈ρ𝑛𝑚〉 and 0 〈𝐸𝑛𝑚〉:
ρ0

2.6

[

〈ρ𝑛𝑚〉 ≈ 𝑛2 + 𝑚2 T𝑛𝑚ln

(

2
α2𝑇𝑛𝑚

)]

‒ 1/2

(

,

(131)

)

𝐸0
2
3
≈ 8.8 ∙ 10 ‒ 3(𝑛2 + 𝑚2) 𝑇𝑛𝑚ln α2𝑇 .
𝐸
〈 𝑛𝑚〉
𝑛𝑚

(132)
Photons of the ultraviolet line
are satisfied by
and
𝑇𝑛𝑚 = 𝑇21 = 0.75. For these photons, according to the calculation by
𝐿α

𝑛 = 2, 𝑚 = 1

ρ

≈ 2.4 ∙ 10

‒9

formulas (129), (130), the radius of the photon core is 0𝐿α
cm
0
.
1
8
ρ
〈
〉
2 1 . The electric field strength in the core of such a photon is
or
𝐸0𝐿 ≈ 1 . 2 9∙ 1 06
10
α
units CGSE, or 3.9 ∙ 10 V/m, so 𝐸0 ≈ 0.94 〈𝐸21〉.
The photons of the 𝐻α line of the visible part of the spectrum are
satisfied to 𝑛 = 3, 𝑚 = 2 and 𝑇𝑛 𝑚 = 𝑇3 2 = 0 . 1 3.9 The core radius of these
ρ
≈ 4.6 ∙ 10 ‒ 9
photons is 0𝐻α
cm, i.e. approximately 0.1 6 〈ρ32〉, and the
𝐸0𝐻 ≈ 1 . 2 7∙ 1 05

α
electric field in the core of such a photon is equal
units
9
𝐸
≈
0.25
𝐸
〈
〉
≈
3
.
8
∙
1
0
0
32
CGSE
V/m, i.e. in this case
.
Thus, the photon model proposed here predicts quite reasonable
values of its parameters: according to this model, the radius ρ0 of a
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photon core is of the order of several tenths of the average radius of a
pair of electronic orbits, between which an optical transition occurs, and
the maximum electric field strength 𝐸0 in the photon core coincides in
order of magnitude with the electric field created by the nucleus of a
given atom in the area in which the photon is generated. Such a
coincidence of values of the parameters, in the opinion of the author, is a
weighty argument in favor of this model.
Finally, the calculation by the formula (124) of charges 𝑞 ± gives
the following value: 𝑞 ± ≈± 4.2𝑒0.
13. Above, we examined the case corresponding to photons
emitted by electrons of atoms (or by protons of atomic nuclei) during
transitions between their discrete energy levels, when the inequality ω ≪ Ω
2

holds, where ω is the frequency of the emitted photon, Ω = 𝑚0𝑐 ℏ is the
frequency of the high-frequency component of the electromagnetic field
of the photon, equal to the frequency of internal vibrations of an electron
or proton.
However, to test the proposed model «strength», the author thinks
it is necessary to consider an important particular case that goes beyond
the above conditions. Namely, it is necessary to find the parameters of the
photon (gamma-ray quantum) arising from the annihilation of the
electron-positron pair. In this case, the frequency of the gamma-ray
quantum is approximately equal to the frequency of the internal
2

oscillations of the electron: ω ≈ Ω = 𝑚0𝑐 ℏ, where 𝑚0 is the rest mass of
the electron.
We proceed from equation (115), which at ω ≈ Ω takes the form:
ρ0Ω 2 𝑒1 4π𝑐
𝑐 ln ρ0Ω = 1,

( ) (

)

(133)
or ln( 𝑒 π𝑥) = 𝑥 , where
This equation has a solution
𝑥 ≈ 1.278. Thus, ρ0Ω/с ≈ 0.782, from where we find:
14

2

𝑥 = 𝑐/ρ0Ω.

𝑐 = 0.782 ℏ = 0.782λ ,
ρ0 ≈ 0.782Ω
𝑐
𝑚 𝑐
0

(134)

‒ 11

or ρ0 ≈ 3.0 ∙ 10 cm, i.e. the core radius of this gamma-ray quantum is
slightly less than the Compton wavelength λ𝑐 of electron.
Substituting expression (134) into formula (104), in which we need
to put ω = Ω, after elementary transformations, we obtain an expression
for the maximum value of 𝐸0 electric field strength in a given gamma-ray
quantum:
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𝑚 𝑐
𝑒
𝐸0 ≈ 1.4 ℏ0 2𝑒0 ≈ 16.9 20.
α
λ

( )

(135)
This value is approximately equal to the electric field of the
electron at a distance 𝑑 ≈ 4.1λ𝑐 ≈ 5.2ρ0 from him. Note that, according to
formulas (134), (135), 𝐸0ρ0 ≈ 13.2 𝑒0/λ𝑐. Substituting this expression into
formula (123) for ω = Ω, we find the 𝑞 ± value of each of the charges
associated with the considered gamma-ray quantum:
𝑐 𝐸 ρ ≈ 4.2𝑒 ,
𝑞 ± ≈± πΩ
( 0 0)
0
(136)
which, as predicted above, turned out to be the same as that of the
photons of visible and ultraviolet parts of the spectrum. This coincidence
indicates the correctness of our calculations of ρ0 and 𝐸0 for the gammaray quantum.
𝑐

20

‒1

14. Finally, we consider a photon with a frequency ω ≈ 2 ∙ 10 𝑠 ,
which is specific for gamma-ray quanta emitted by protons of atomic nuclei
during their transition between the energy levels of the nucleus. In this
case, for the quantity 𝑚0 we should use not the rest mass of the electron,
‒ 24
𝑔. The longitudinal
but the rest mass of the proton, equal to 1.67 ∙ 10
‒ 13

‒ 10
core length of such a photon is 4.7 ∙ 10
cm, core radius ρ0 ≈ 5.4 ∙ 10
cm, which is close to the radius of the atomic nucleus, and the maximum
13

value of the electric field in this gamma-ray quantum is 𝐸0 ≈ 7 . 5∙ 1 0 units
CGSE, which is less than one percent of the average value of the electric
field in the core.

Discussion of the model
15. So, according to the model under consideration, a photon is
a stable, compact moving with the speed of light, having constant
dimensions (depending on the observed frequency of the photon ω
and the conditions of its formation), electrically neutral (generally)
electrodynamic structure, consisting of a thin core with a length π𝑐/ω,
the surface of which is formed by two narrow, parallel and oppositely
charged long ribbons, and a shell in which the electric and magnetic fields
decrease in proportion to the square of the distance from the longitudinal
axis of the photon and vary sinusoidally along this axis, up to a maximum
value at its center.
A structure of such a ribbon as a stable, non-spreading solitary
electromagnetic wave could be called an electrodynamic soliton. However,
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the term «soliton» in modern physics is usually referred to only
structurally stable solitary waves propagating in nonlinear dispersing media
[30]. Here we are talking about a circularly polarized electromagnetic
wave propagating in a vacuum and described by linear Maxwell
equations. Therefore, we can call the proposed model of a photon as a
soliton-like model.
16. It should be emphasized the fundamental difference between
the wave field considered in [18] and in this article from the wave field of
the so-called «twisted light» [31–34], which describes circularly polarized
electromagnetic waves with an angle ϑ between the wave vector 𝑘⃗ and the
direction of wave propagation 𝑛⃗ not equal to zero, and which, therefore,
have a nonzero orbital angular momentum (in this case, the vector 𝑘⃗
precesses around the vector 𝑛⃗ ). Distinctive feature of such waves is,
firstly, the non-monotonic dependence of the electric and magnetic field
strengths of the wave on the radial coordinate, expressed in terms of
Bessel functions, and, secondly, the inequality to zero of the longitudinal
(in the 𝑛⃗ vector direction) projections of the vectors of these fields.
The fundamental difference between the named electromagnetic
fields appears not only in the different radial dependence of the vectors 𝐸⃗
and 𝐻⃗ , but also in the fact that even at ϑ = 0 the dependences obtained
for the «twisted light» in the three-dimensional case by solving (in a
rather complicated way) equation the d'Alembert for the vector potential
and given in [32, 34], do not go over to the solutions found in [18] by the
simple standard and well-known method for solving the system of
Maxwell equations.
17. As we have seen above, the basic parameters of photons, both
postulated (energy, angular momentum and «length»), and calculated
(cross-section, values of electric and magnetic fields, etc.) within the
framework of the proposed two-frequency electrodynamic photon model
have physically quite reasonable numerical values not only for the
photons in the visible and ultraviolet ranges, but also for the γ-rays of
soft and medium γ-ranges generated with the participation of both
atomic electrons and annihilating electron-positron pairs, and proton
atomic nuclei. This, in the opinion of the author, confirms the adequacy
of the assumptions used in creating this model, and its physical
consistency. Moreover, the author considers as the undoubted advantage
of this model, the prediction of the existence in a photon of two equal in
magnitude but opposite in sign electric charges, since presence of such
charges makes it easy to explain the appearance of an electron-positron
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pair in a collision of two gamma-ray quanta, as well as the apparent
«disappearance» of the charges of these particles upon their annihilation.
(Note that the conclusion about the existence of such charges in the
structure of circularly polarized electromagnetic waves was previously
made, in particular, by S. Weng [11].)
In addition, as it is easy to see, the structure of the electromagnetic
field of the photon shell found here is such that it allows photons to
interact weakly with each other, forming (at their sufficient concentration
in space) a kind of «photon molecules» whose existence has recently been
confirmed by experience [35], and even the so-called bosonic condensate.
18. Nevertheless, readers may (and probably will) have doubts
about the adequacy of this model for the real electromagnetic structure
of the photon, caused, in particular, by the rejection of the conclusion
that there is a surface in the structure of an electrically neutral (as a
whole) photon, which carries in a special way distributed opposite electric
charges. In response to that we can say that we still do not know what is
the physical nature of electric charges, and therefore it would be wrong to
categorically assert that they cannot exist in some generally neutral
material objects, for example, in photons. Moreover, there are a number of
phenomena that, apparently, are easier and more logical to explain
precisely by the existence of electric charges of the same magnitude in the
structure of an electrically neutral photon. In particular, it is possible that
many features of the interaction of photons with different substances are
ultimately associated precisely with this peculiarity of photons.
As for the assumed geometrical shape of the charge carriers in the
photon, the author believes that in the next, more «advanced» version of
this model, the system of these carriers, presumably, should not be in the
form of a double helix formed by charged ribbons, as in considered
above «zero approach» model, but in the form of a double helix formed
by thin charged threads. And then to the remark that such threads are
also not known to science, we can answer that the planets Uranus and
Neptune, black holes, atoms, neutrinos, quarks and many other physical
objects that actually exist in nature, have not been known to science
before and which have been originally «open» theoretically, and only after
that have been discovered experimentally. Therefore, if electric charges
really exist in the form of, as assumed, point-like electrons and positrons,
then why these charges cannot exist in the form of thin spiral threads? All
the more so, in modern science there is no fundamental ban on the
existence of the latter.
It is important to answer another question: where do the photon
charges come from when it is emitted by an atom? There may be two
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answers. Firstly, they apparently appear from the same place where the
charges of the particles appear during the formation of an electronpositron pair as a result of the collision of gamma-ray quanta. Secondly,
before emitting a photon, an atom must go into an excited state by
absorbing another photon (in which, according to this model, a pair of its
charges is already present), or as a result of collision with another atom.
However, any such collision is a process of exchange of electromagnetic
energy, that is, in fact, still an exchange of photons carrying a pair of
opposite charges, and then we return to «first».
Further, in discussing the admissibility of a value not equal to or
not a multiple of the value 𝑒0 of the charges 𝑞 ± , the following should be
borne in mind. Firstly, it is easy to see that even a simple refinement of
the model considered here, involving a smooth change in the radius of
the photon core ρ0 along its longitudinal axis from zero at its initial and
final points to the maximum value at the midpoint, leads to a significant
(in 1.5 ÷ 2 times) a decrease in the value of charges 𝑞 ± . Secondly, the
calculation of the photon parameters in this article was based on the
assumption that the parameter 𝑎 in formulas (9), (10) is ± 1. However,
other integer values |𝑎| are also possible. Therefore, it is possible that a
similar, but more «advanced» model will give a value of 𝑞 ± , close to or
even equal to ± 𝑒0.
On the other hand, as it is known, there is no conclusively proven
law of nature on the multiplicity of any charge to 𝑒0. All the more so,
scientists have not been surprised by the fact that there exist fractional
(with respect to 𝑒0) charges – for example, for quarks. Moreover, recent
precision experiments have shown that some micro-objects formed under
specially created conditions can carry a fractional electric charge [36].
19. The author clearly understands that the photon model
proposed here can be regarded only as a crude «zero approximation» to a
full-fledged model. What, in his opinion, are the priority improvements
to this model? First of all, it is necessary to replace the cylindrical shape of
the photon core assumed here, which, obviously, does not quite correctly
describes the electromagnetic field near the ends of the cylinder, by the
shape of a long and thin (at Ω ≫ ω) uniaxial or close to a sphere (at ω ≈ Ω)
ellipsoid (in the latter case, the possible equality of the length and the
transverse diameter of the core of the gamma-ray quantum is evidenced by
the example considered in p. 12). In addition, apparently, from the very
beginning it is necessary to assume the presence of mutually compensated
charges in the photon structure in the form of not two long narrow
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ribbons, but, as already noted, a pair of thin threads forming a double helix
on the surface of an ellipsoid. The author believes, that these measures will
not only make it possible to clarify the form of the electromagnetic field of
the photon (especially near the core ends), but, in particular, will reduce the
calculated values of charges 𝑞 ± to a value closer to 𝑒0.

Perhaps N. Tesla received giant «photons» in his
experiments
20. In p.p. 7–13, we, assuming that the values of the energy and
angular momentum of a bunch of an electromagnetic field are equal,
respectively, ℏω and ℏ, correlated this bunch with a micro-object – a
photon. However, it is likely that such compact, non-expandable bunches
of electromagnetic energy can have macroscopic sizes. It is possible that
it is the model proposed here that explains the essence and results of
Nikola Tesla’s experiments on the wireless transmission of electricity to
«anywhere in the world», performed by him in the early 1900s in Colorado
Springs. Indeed, among the most important devices in the Tesla
installation were a rotor rotating at a speed of about 5000 revolutions per
second and setting the frequency ω, and a special transformer, the primary
coil of which consisted of only one turn of a multi-filament cable, and the
secondary coil was a flat spiral of 50 turns. The turn of the primary coil of
the transformer was connected to a capacitor of 0.004 microfarads, which,
using the electric spark gap combined with the rotor, formed a highfrequency (with a frequency of Ω of the order of 0.1–0.3 MHz) component
of the electromagnetic field. The voltage from the secondary coil of the
transformer, approximately 50 kilovolts, was applied onto a hemispherical
antenna at a height of 60 m with a diameter of about 20 m. Other types
of antennas were used – spherical and toroidal. The entire structure,
containing many more additional devices, created a very strong rotating
high-frequency electromagnetic field modulated by an intermittent lowfrequency component. According to estimates, the amplitude of the
intensity of the formed alternating electric field ranged from 2 to 4 million
volts per meter. A system of conductors, with which Tesla intended to
control the direction of transmission of electricity, was created at a shallow
depth underground.
During one of the experiments, the antenna of the installation was
covered with a lot of raging lightning tens of meters long, emitting
thunder that could be heard within a radius of twenty kilometers, and the
lightning energy was so great that one of them ignited a municipal electric
generator. From a distance, it seemed that around the antenna a blindingly
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glowing ball with a diameter of about 45 meters was burning, from which
ball lightnings would fly off from time to time. During another experiment,
a directional wireless energy transfer ignited a battery of incandescent
lamps with a total capacity of 10 kW, located at a distance of 40 km from
the laboratory. The special significance of this experiment was that it
demonstrated the spatial compactness of the transmitted energy, the absence
(or insignificance) of its scattering in space. Careful measurements showed
that the energy loss in this case was not more than a few percent at a
distance of hundreds of kilometers. This feature led Tesla to the idea of
the possibility of transmitting electric energy obtained at his installation,
over very large distances, using the reflection of energy bunches from the
earth's ionosphere. Tesla wrote (cited in [37]): «My device generates
particles (highlighted by me – SVM), which can be both relatively large
and microscopic, and which allow the energy to be transferred pointwise
and at the speed of light over long distances, trillions of times larger than
is possible with other types of radiation». Tesla believed that his
installation, operating at a frequency of 2 megahertz, can produce a
voltage of 100 million volts and a current of up to 1000 amperes, which
means a power of about 100 megawatts.
In 1907–1908 Tesla repeatedly reported the great destructive effect
of his new energy transmitter, built in Wordencliffe. «My new weapon
provides absolute protection against both aircraft and other forms of
attack», he wrote. It is interesting that, according to O. Nickelson [37,
38], «historical facts indicate that the famous Tunguska incident, which
occurred on June 30, 1908, could have been caused by Tesla’s June tests
of his energy weapon».
Unfortunately, for a number of reasons, which are described in
detail in the literature [39,40], Tesla could not continue his experiments.
Although at the beginning he considered his generator-transmitter of
energy «as a very important and valuable device for future generations»
that would trigger an «industrial revolution» and make «grandiose
humanitarian achievements» possible [37,40], he later realized historical
prematurity of his discoveries, which could be used by no means for
humanitarian or defensive, but for offensive military purposes. Partly
therefore, and partly for other obvious reasons, Tesla in his patent
applications did not fully disclose not only important details of the
technical schemes and designs of the devices he created, but also the
essence of the theoretical foundations of his discoveries and inventions.
Apparently, this is why attempts to recreate his lost devices and
reproduce his experiments on wireless energy transfer based on a direct
and theoretically insufficiently meaningful reading of Tesla’s patents and
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notes have not yet been successful (although, quite possibly, this is not
so, but all achievements in this area are strictly confidential).
So it is not surprising that many modern scientists doubt the
possibility of not only achieving the above parameters of wireless energy
transfer, but even of the fundamental possibility of technical
implementation of the physical mechanism of such a transmission, which
Tesla spoke about.
21. Nevertheless, suppose that the model proposed here describes
not only the electromagnetic field of photons, but, as noted in the
previous section, the field of macroscopic energy formations - special
three-dimensional electromagnetic soliton-like pulses. Let us estimate
what the frequency Ω of the high-frequency component of the field of
such a pulse should be and the maximum value of the electric field
strength 𝐸0 if the pulse energy 𝐸, its duration 𝑇0 and its core radius ρ0 are
given.
To do this, firstly, we will use formulas (103) and (113), in which
we replace the energy symbol ε by 𝐸 and the angular momentum
designation 𝑀 by 𝑀. Second, we generalize the equality ε/𝑀 = ω, which is
valid for photons, to all electromagnetic solitons of the type we are
considering. That is, setting ω = 2π/𝑇0, we assume that the equality is true
by the relation 𝐸/𝑀 = 2π/𝑇0. As a result, we obtain the following
relations:
2
𝐸≈1
8(𝐸0ρ0) 𝑐𝑇0,
(137)
𝑘
2 2
𝑀 ≈ 8𝑐(𝐸0ρ0) Ω𝑇0,
(138)
2
𝐸 ≈ 𝑐 ≝ 2π,
𝑀 𝑘ρ2Ω 𝑇0
0
(139)
14

where 𝑘 = ln (𝑒 π𝑐𝑇0/ρ0) is a coefficient weakly dependent on the 𝑇0/ρ0
ratio (in particular, when 𝑇0/ρ0 changes by two orders of magnitude –
‒4
‒6
from 1 0 to 1 0 – it changes less than one and a half times –
approximately from 10 to 14.5). Then it follows from equality (137) that
8𝐸
𝐸0 ≈ ρ1 𝑐𝑇 ,
0
0

(140)

and from formula (139) –
Ω≈
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𝑐 2 𝑇0
𝑒1 4π𝑐𝑇0
ln
ρ0
2πρ02

[(

)]

‒1

.

(141)
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ρ0 = 1 𝑚 = 10

12

in
𝑒𝑟𝑔 /с

such

Volume 47, 2020

a

pulse

with

and a duration of 𝑇0 = 10

a
‒2

power

of

s with a core

2

radius
cm, the amplitude of the electric field 𝐸0 should be
0.16 units CGSE ≈ 4.8 ∙ 103 V/m, and the frequency Ω of the high13 ‒ 1
frequency component of this field should be approximately 10 𝑠 .
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The laws of the special relativity
theory as a consequence of the spiral
structure of particles extended in time
Abstract
The assumption is made in this paper, firstly, that the threedimensional physical space of our Universe is a hypersphere 𝑅3
expanding isotropically with the speed of light in the fourdimensional Euclidean space 𝑅4. Secondly, it is assumed that each
elementary particle with a nonzero rest mass and spin, in reality is a
material helical spiral in the four-dimensional space 𝑅4, extended
from the region of the «past» to the region of the «future» and
intersecting the hypersphere 𝑅3 in some point which position
relatively to other bodies of the Universe changes with time as a
result of a shift of the hypersurface 𝑅3 along this spiral. Based on
classical ideas and several additional simple assumptions physically
reasonable values of parameters of this spiral are obtained,
relativistic expressions known from the relativity theory for the
total energy, mass and frequency of the «internal oscillating
process» of a particle are derived, relativistic formula for the
kinetic energy of a particle is refined, and the known relativistic
relation between total energy of a particle, its rest mass and
momentum of translational motion is obtained by new way, a
possible physical cause of dependence of the frequency of the
«internal motion» of a particle on its speed is determined, the cause
for the existence of a limiting speed of motion of material bodies in
the space of our Universe is explained, the correct value ℏ 2 of the
projection of the particle’s spin on the «selected direction» is
obtained, and sense of this direction is clarified, and the fact that
relativistic effect of «time dilation» is a consequence of the spin
motion of elementary particles is established.

1. In 1975, L. E. Gurevich proposed a hypothesis that our
metagalaxy, consisting of many different particles, bodies, stars, galaxies,
galactic clusters and other material objects is not really the highest
structural unit coinciding with the entire superuniverse as a universal
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system of the world [1]. According to this hypothesis there are many
metagalaxies with a variety of geometric and physical properties, in
particular with different quantity of dimensions of space in the
superuniverse. Each metagalaxy is an integral system of causally
connected evolving objects that exists in a limited (and possibly closed)
space of one or another quantity of dimensions and has its own
«metagalactic» time with some «flow rate» specific for this metagalaxy.
Metagalaxies can be born and die and in course of their evolution they
can interact with each other (for example, collide), changing with this
certain properties, both their own and of their counterparties.
Author of the submitted work has been adhering the Gurevich
hypothesis for a long time and believes that its more detailed
concretization and in-depth development can lead to important results in
the field of cosmology, physics and in philosophy. According to the
author, metagalaxies exist in some superspace and absolute world time, which
provides the possibility of evolution of metagalaxies and existence of
metagalactic times. The «flow rate» of world time is a fundamental and
universal constant of the Universe and it does not depend on material
bodies and ongoing processes.
The simplest concretization of Gurevich’s hypothesis is
assumption that the above-mentioned superspace is a four-dimensional
Euclidean space 𝑅4, and three-dimensional physical space of our
metagalaxy (which we will call the «Universe» – with a capital letter) is a
kind of «brane», i.e. the hypersurface 𝑅3 in the space 𝑅4, which (𝑅3) locally
can also be considered Euclidean (flat) and with which the absolute
coordinate system of the Universe can be associated. In this case the
four-dimensional «thickness» δ4 of this hypersurface, i.e. its local extent
in direction orthogonal to 𝑅3, mathematically equal to zero, should
physically have dimensions that are supposedly no more than diameter or
Compton wavelength of the nucleon. Such a hypersurface can be, for
example, a three-dimensional isotropically expanding sphere, each point 𝑆3
of which moves relative to the superspace 𝑅4 with a speed 𝑐⃗ = 𝑐⃗𝑙 in
direction of the local unit vector ⃗𝑙 orthogonal to the hypersurface 𝑅3 at
the point 𝑆3 and depending on the position of this point. Parameter 𝑐, i.e.
the expansion velocity of the hypersphere 𝑅3, determines flow rate of
time in our Universe. The initial value 𝑐0 of this parameter and its possible
dependence on world time are determined by the state and properties of
the Universe during its birth and possibly by the features of its evolution.
This hypothesis adhered and developed by a number of authors (see, for
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example, [2–7]) is supported by modern cosmology which considers
expansion of our Universe to be an indisputable fact [8–12].
Developing this hypothesis the author believes that the space 𝑅3 is
a hypersurface separating two different phases (states) of matter, one of which is
enclosed inside of the closed hypersphere 𝑅3 and the other is outside of
this hypersphere, and the expansion of the hypersphere 𝑅3 is caused by
the continuously ongoing transformation process of one phase to
‒

another. The four-dimensional region 𝑅 4 enclosed in the volume limited
by hypersphere 𝑅3 corresponds to the past of our Universe, and the region
𝑅 +4 of the space 𝑅4 remaining outside this hypersphere corresponds to the

future of the Universe. The phase of matter which together with the
«impurities» (which will be discussed in more detail below) occupies the
‒

region of the «past» 𝑅 4 , according to the author, is quite rigid, similar to
a crystalline solid. On the other hand the phase of matter located in the
+

region of the «future» 𝑅 4 is pretty mobile, resembling a liquid or gas.
Thus the mentioned above phase transition is a kind of analogue of
crystallization of a liquid or sublimation of a gas. In this case the length
of the transition region between two indicated phases is precisely the
«thickness», i.e. the length δ4 of our three-dimensional space in the fourth
dimension orthogonal to it.
It is possible (and this is another hypothesis of the author which he
hopes to develop in his subsequent works) that the longitudinal waves
arising in the medium occupying the transition region are de Broglie waves.
2. In addition the author hypothesizes that all fundamental particles
with nonzero rest mass and spin, as well as the bodies of our Universe
consisting of them, are objects extended not only in the three-dimensional
space 𝑅3, but also in the direction 𝑙 of the four-dimensional space 𝑅4
orthogonal to 𝑅3. More specifically it is assumed that each stable
fundamental particle, in particular an electron, is not in fact a material
point or a three-dimensional object of microscopic dimensions but a
material helical spiral 𝑆4 in the four-dimensional space 𝑅4, directed from
‒

+

the region 𝑅 4 to the region 𝑅 4 and intersecting the three-dimensional
space 𝑅3 of our Universe at some point, position of which relative to
other bodies of the Universe changes with time as a result of the shift of
the hypersurface 𝑅3 along the spiral. Such spirals are those «impurities»
that were mentioned above.
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𝑅 4‒ ,

In the region
i.e. in the region of the «past» such a spiral is
«frozen» into the rigid phase, and therefore each of its elements which
crossed the lower boundary of the transition layer at the time of the
phase transition subsequently retains its previously acquired geometric
shape in this region. However within the transition layer and in the region
+

of the «future» 𝑅 4 , the spiral, having a certain flexibility and elasticity, can
be slightly deformed (it can change its direction, stretch or contract) under
the influence for example of the fields created by other spirals.
Element δ𝑆4 of a such helical spiral which was «cut out» from it at
some point of time by the physical hypersurface 𝑅3 and therefore, as
noted above, having a length of the order of δ4 in the fourth dimension,
in three-dimensional space is perceived as a point material particle 𝑀
having some nonzero mass and spin. Therefore this spiral as a whole can
be formally considered as the trajectory of motion of this particle in the
four-dimensional space 𝑅4. In addition, if the axis of this spiral is
orthogonal to the hypersurface 𝑅3 which corresponds to a particle that we
perceive as resting in an absolute reference frame connected with 𝑅3, then
the indicated above cut-out element δ𝑆4 of the spiral must obviously be
correlated by the rest mass of the particle 𝑚0. Non-orthogonality of the axis
of the helical spiral of the hypersurface 𝑅3 means that a particle moves
relative to the absolute reference frame of the three-dimensional space of
the Universe; in this case the spiral element δ𝑆4 is correlated by the mass 𝑚
different from 𝑚0 and depends on deformation degree of the spiral.
Here the question cannot but arise: is it necessary to consider
fundamental particles as objects extended in the fourth dimension? Indeed,
formally practically nothing would have changed if we considered these
helical spirals only as trajectories of particles without attributing to them
the property of materiality.
The author’s answer to this question since he put forward such a
hypothesis is obvious – of course, it is «necessary». For otherwise, one
would either have to leave unanswered the question of the cause of the
continuous rotation of a particle (in particular, a charged electron) around
an empty center, or introduce an ad hoc new force of unknown nature,
under which influence this particle would rotate at the speed of light (!)
around such a center, or invent incredible ad hoc models of the
interaction of particles with their own field, or try to prove formally,
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mathematically that various averaging over coordinates and time can
explain the presence of particles spin, etc. (the author can provide links
to relevant works but in this case does not consider it necessary).
But there is one more – more important – reason that convinced
the author that his hypothesis is worth of a detailed development and
analysis, namely rather unexpected and curious consequences arising
from it. A small part of them that is not however the most significant is
obtained in this work. The author will tell about another, more
fundamental consequences of his hypothesis in future works.
3. First, recall how the basic geometric characteristics of a helical
spiral, specified in a parametric form, are determined. So, let ⃗𝑖, ⃗𝑗, κ⃗ , ⃗𝑙 are
the unit vectors of the Cartesian coordinate system introduced in fourdimensional Euclidean space,
𝑟⃗ 𝑀 = 𝑥⃗𝑖 + 𝑦⃗𝑗 + 𝑧κ⃗ + τ⃗𝑙

(1)

is the radius-vector of an arbitrary point 𝑀 of this space.

Let’s consider a three-dimensional helical spiral whose axis is directed
along the unit vector ⃗𝑙. The parametric equation of such a spiral has the
form:
𝑟⃗ (𝑡) = ⃗𝑖𝑎0cos ω0𝑡 + ⃗𝑗𝑎0sin ω0𝑡 + ⃗𝑙𝑏0𝑡,

(2)

where 𝑡 ≥ 0 is the parameter, 𝑎0 > 0, 𝑏0 > 0, ω0 > 0 are positive values
that determine the geometric characteristics of the spiral. In particular, 𝑎0
defines the radius of the spiral, ω0 characterizes the speed of rotation of
the vector 𝑟⃗ in the plane defined by the unit vectors ⃗𝑖, ⃗𝑗, when the
parameter 𝑡 changes, the quantities 𝑏0 and ω0 determine the pitch of the
spiral screw. If parameter 𝑡 has dimension T, and radius 𝑎0 has dimension
L, i.e. if [𝑎0] = 𝐿, [𝑡] = 𝑇, then the quantities 𝑏0 and ω0 have the following
‒1

‒1

dimensions: [𝑏0] = 𝐿𝑇 , [ω0] = 𝑇 .
The helix pitch 𝐻0 is defined as the distance |Δ𝑟⃗ | between its points
for which the values of ω0𝑡 of the sine and cosine arguments differ by 2π
and, therefore, the values of the parameter 𝑡 differ by Δ𝑡 =
2π𝑏
𝐻0 = 𝑏0Δ𝑡 = ω 0.
0

2π ω
0:

(3)
Since the unfolding of a helical spiral of the form (2) onto the
plane represents the hypotenuse of a right triangle with legs 2π𝑎0 and 𝐻0,
then, obviously, the length 𝑙0 of one full turn of this spiral is equal to:
134

The Papers of independent Authors

Volume 47, 2020

𝑏0
𝑙0 = (2π𝑎0)2 + 𝐻20 = 2π𝑎0 1 + 𝑎 ω
0 0

[ ( )]

2 1/2

(4)
Let’s find the curvature and torsion of the considered spiral. As it
is known [13], the curvature 𝑘1 of a parametrically defined curve 𝑟⃗ = 𝑟⃗ (𝑡)
is determined by the formula

⃗ 2⃗ 2 ⃗ ⃗ 2
𝑘12 = 𝑟' 𝑟'' ‒ (2𝑟3' ∙ 𝑟'') ,
(𝑟⃗ ' )

(5)

where the primes of the vector 𝑟⃗ mean differentiation of this vector with
respect to the parameter 𝑡.
It comes from the expression (2) that
𝑟⃗ '(𝑡) =‒ ⃗𝑖𝑎0ω0sin ω0𝑡 + ⃗𝑗𝑎0ω0cos ω0𝑡 + ⃗𝑙𝑏0, 𝑟⃗ '2 = 𝑎20ω20 + 𝑏02,
𝑟⃗ ''(𝑡) =‒ ⃗𝑖𝑎0ω20cos ω0𝑡 ‒ ⃗𝑗𝑎0ω02sin ω0𝑡,

⃗ ''2

𝑟

(6)

= 𝑎20ω40.

(7)

Therefore
𝑟⃗ '2𝑟⃗ ''2 = 𝑎20ω40(𝑎02ω02 + 𝑏20),

(𝑟⃗ '2)3 = (𝑎20ω02 + 𝑏20)3,

(8)

(𝑟⃗ ' ∙ 𝑟⃗ '') = 𝑎02ω03sin ω0𝑡cos ω0𝑡 ‒ 𝑎20ω03cos ω0𝑡sin ω0𝑡 = 0.

(9)
Substituting expressions (8), (9) into formula (5), we find the curvature of
this helical spiral, which turns out to be the same at all points:
𝑘1 =

𝑎0ω02
𝑏0
1
2 2
2=𝑎 1+ 𝑎 ω
𝑎 0 ω 0 + 𝑏0
0
0 0

[ ( )]

2 ‒1

.

(10)
The radius of curvature 𝑅 of the spiral, related to its curvature by
the relation 𝑅 = 𝑘

‒1
1 ,

is also constant and equal to
𝑏0
𝑅 0 = 𝑎0 1 + 𝑎 ω
0 0

[ ( ) ].
2

(11)

The torsion 𝑘2 of the curve defined in the parametric form 𝑟⃗ = 𝑟⃗ (𝑡)
is determined by the formula [13]:
⃗ ' ⃗ '' ⃗
𝑘2 = (𝑟',𝑟 ,𝑟'''''2),
[𝑟⃗ × 𝑟⃗ ]

⃗ ' ⃗ ''

(12)
⃗ ' ⃗ ''

⃗'

⃗'

where (𝑟 ,𝑟 ,𝑟⃗ ''') is the scalar triple product of vectors 𝑟 ,𝑟 ,𝑟⃗ '''; [𝑟 × 𝑟 '] is
'
''
the vector product of the vectors 𝑟⃗ and 𝑟⃗ . And since
𝑟⃗ '''(𝑡) = ⃗𝑖𝑎0ω30sin ω0𝑡 ‒ ⃗𝑗𝑎0ω30cos ω0𝑡,

‒ 𝑎0ω0sin ω0𝑡
2
(𝑟 ,𝑟 ,𝑟⃗ ''') = ‒ 𝑎0ω0cos ω0𝑡
𝑎0ω03sin ω0𝑡
⃗ ' ⃗ ''

|

𝑎0ω0cos ω0𝑡
‒ 𝑎0ω20sin ω0𝑡
‒ 𝑎0ω03cos ω0𝑡

(13)

𝑏0
0 = 𝑎20𝑏0ω50,
0
(14)

|
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⃗'

⃗ '' 2

[𝑟 × 𝑟 ]

= 𝑎20ω40(𝑎20ω20 + 𝑏20),

(15)

then the torsion of the examined helix
𝑘2 =

𝑏0 ω 0
= 1
2 2
𝑎0ω0 + 𝑏02 𝑎0

𝑏0
𝑏0
1
+
𝑎0 ω 0
𝑎0 ω 0

( )[ ( ) ]

2 ‒1

.

(16)

𝑏0 𝑎 ω
0 0 is a dimensionless quantity, the curvature
‒1
and torsion have the same dimension: [𝑘1] = [𝑘2] = 𝐿 .

Since the ratio

4. And now we go back to our model of a fundamental particle
with nonzero mass and spin as a helical spiral 𝑆4 in the four-dimensional
space 𝑅4. First, we will assume that the three-dimensional «imprint» (or
«trace») 𝑀 of this spiral in the space 𝑅3 of our Universe does not make
translational motion (which is perceived by us as the rest state of the
«point» particle 𝑀). Nevertheless, due to the continuous shift of the
space 𝑅3 in the direction of the fourth dimension, the point 𝑀 actually
does not rest, but moves along a circle in one of the planes of the space
𝑅3 (which appears as the spin of the particle 𝑀), and simultaneously
moves forward along the fourth dimension of the space 𝑅4 .
Thus, in this case, the axis of the helical spiral 𝑆4 associated with
the particle 𝑀 is directed along the unit vector ⃗𝑙 of the fourth dimension,
orthogonal to 𝑅3 and the orts of its local Cartesian coordinate system
⃗𝑖, ⃗𝑗, ⃗κ. Then we should give the a physical sense of world time to the
parameter 𝑡 in formula (2), and a physical sense of the displacement
velocity 𝑉0τ of the hypersurface 𝑅3 in the direction ⃗𝑙 – to the parameter
𝑏0; this velocity we denote by 𝑐: 𝑏0 = 𝑉0τ ≝ 𝑐 (we will conclude below that 𝑐
is a value equal to the speed of light in a vacuum). Then the vector
𝑉⃗ 0(𝑡) = = 𝑟⃗ '(𝑡) = 𝑑𝑟⃗ 𝑑𝑡 turns out to be the velocity vector of the point 𝑀

along the considered spiral:
𝑉⃗ 0(𝑡) = ⃗𝑖𝑉0𝑥(𝑡) + ⃗𝑗𝑉0𝑦(𝑡) + κ⃗ 𝑉0𝑧(𝑡) + ⃗𝑙𝑉0τ(𝑡),

(17)

where
𝑉0𝑥(𝑡) =‒ 𝑎0ω0sin ω0𝑡; 𝑉0𝑦(𝑡) = 𝑎0ω0cos ω0𝑡;
𝑉0𝑧(𝑡) = 0; 𝑉0τ = 𝑐.

.

(18)

⃗
Let’s denote through 𝑉0𝑟𝑜𝑡 the projection module of the vector 𝑉0
on the plane (⃗𝑖, ⃗𝑗):
2
2
𝑉0𝑟𝑜𝑡 = 𝑉0𝑥
(𝑡) + 𝑉0𝑦
(𝑡) = 𝑎0ω0,
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and through 𝑇0 – the period of the motion of the point 𝑀 along the
spiral, i.e. the time during which the given point, moving along the spiral,
makes one complete revolution, while shifting by one step of the spiral:

2π = 𝐻0 = 2π𝑎0.
𝑇0 = ω
𝑐
𝑎0 ω 0
0

(20)

2
2
2
𝑉0𝑟𝑜𝑡
(𝑡) + 𝑉0𝑧
(𝑡) + 𝑉0τ
(𝑡)

On the other hand, if 𝑉0 = |𝑉0(𝑡)| =
is
the modulus of the displacement velocity vector of the point 𝑀 along the
spiral, then
⃗

𝑙
2π𝑎
𝑇0 = 𝑉0 = 𝑉 0 1 + 𝑎 𝑐ω
0
0
0 0

[ ( )]

2 1/2

.

(21)
Expressions (20) and (21) coincide if very important equalities are satisfied
𝑎0ω0 = 𝑐 и 𝑉0 = 2𝑐.

(22)
As a result, it turns out, as follows from formulas (3), (4), (10) and
(15), that the pitch of the helical spiral, the length of its coil, its curvature,
radius of curvature, torsion, and the period 𝑇0 depend only on a single
parameter 𝑎0:
1 ; 𝑅 = 2𝑎 ; 𝑇 = 2π𝑎0,
𝐻0 = 2π𝑎0; 𝑙0 = 2 2π𝑎0; 𝑘1 = 𝑘2 = 2𝑎
0
0
0
𝑐
0

(23)

and the velocity characteristics of the motion of point 𝑀 along the spiral
are expressed through a parameter with the help of the relations
𝑉0𝑥(𝑡) =‒ 𝑐sin ω0𝑡, 𝑉0𝑦(𝑡) = 𝑐cos ω0𝑡, 𝑉0τ = 𝑉0𝑟𝑜𝑡 = 𝑐, 𝑉0 = 2𝑐.) (24)
⃗0
𝑊
𝑀

The acceleration vector
of the point
is determined by the
formula (7), which, taking into account the first of equalities (22), takes
the form:
⃗ 0 = 𝑟⃗ ''(𝑡) =‒ 𝑐ω0(⃗𝑖cos ω0𝑡 + ⃗𝑗sin ω0𝑡
𝑊
).

(25)

Module 𝑊0 of this vector:
𝑊0 = 𝑐ω0.

(26)
This acceleration can be considered as centripetal. Indeed, since, as
a first approximation, each sufficiently small element of a given spiral is
‒1

an arc of a circle of radius 𝑅0 = 𝑘 0 = 2𝑎0, then
𝑉20 𝑐2 𝑐𝑎0ω0
𝑅0 = 𝑎0 = 𝑎0 = 𝑐ω0 = 𝑊0.

(27)
5. Above, we examined the geometric and kinematic characteristics
of the proposed particle model. Now we will find its dynamic
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⃗

characteristics – momentum 𝑝0, moment of inertia 𝐼, angular momentum

⃗0
⃗
𝑀
, its modulus 𝑀0 = |𝑀0| and the projection 𝑀0𝑙 on the direction ⃗𝑙, the
kinetic energy 𝐸0𝑟𝑜𝑡 of the rotational motion of the particle 𝑀 (more
precisely, of the element δ𝑆4 of the spiral) in the plane (⃗𝑖, ⃗𝑗) and its total
energy 𝐸0. Herewith we will assume that all these physical quantities are

expressed through the mass 𝑚0 of the element δ𝑆4 of the spiral (which
we perceive as the mass of the particle), its speed and parameters 𝑎0, ω0
of the spiral exactly the same way as in classical mechanics.
It should be emphasized that such an assumption does not mean at
all that the author, who is not a staunch opponent, nor an irresponsible
critic of the special theory of relativity, considers that the relations of
classical mechanics are really applicable at speeds near to speed of light and,
especially, in the case considered here. However, he considers it quite
legitimate to try to see, if only for the sake of curiosity, what happens if,
contrary to the completely reasonable prevailing point of view, such an
«impossible» assumption is made. The author asks to consider this phrase
as an offer to readers to show the same curiosity. As for the true reason for
the appearance of this article, it will be discussed below in paragraph 13.
And now, having agreed nevertheless to accept such an unusual
assumption of the author, let us return to our task. Then, taking into
account equalities (2), (22), (24), we find:
𝑝⃗ 0 ≝ 𝑚0𝑉⃗ 0 = 𝑚0𝑐( ‒ ⃗𝑖sin ω0𝑡 + ⃗𝑗cos ω0𝑡 + ⃗𝑙);
𝐼 = 𝑚0𝑎02;
⃗ 0 ≝ [ρ⃗ × 𝑝⃗ 0] = 𝑚0𝑐𝑎0(⃗𝑖sin ω0𝑡 ‒ ⃗𝑗cos ω0𝑡 + ⃗𝑙)
𝑀

(28)
(29)
(30)

⃗
⃗
⃗
⃗
⃗
(where ρ(𝑡) ≝ 𝑟(𝑡) ‒ 𝑙𝑐𝑡 = 𝑎0(𝑖cos ω0𝑡 + 𝑗sin ω0𝑡)),
⃗ 0| = 2 𝑚0𝑐𝑎0;
𝑀0 ≝ | 𝑀

(31)

⃗ 0 ∙ ⃗𝑙) = 𝑚0𝑐𝑎0;
𝑀0𝑙 ≝ (𝑀

(32)

1
2
2
𝐸0𝑟𝑜𝑡 ≝ 1
2𝑚0𝑉0𝑟𝑜𝑡 = 2𝑚0𝑐 ,

(33)

1
1
1
2
2 2
2
2
𝐸0𝑟𝑜𝑡 ≝ 1
2𝐼ω0 = 2𝑚0𝑎0ω0 = 2𝑚0(𝑎0ω0) = 2𝑚0𝑐 ;

(34)

or
1
2
2
2
𝐸0 ≝ 1
2𝑚0𝑉0 = 2𝑚0(𝑉0𝑟𝑜𝑡 + 𝑉0τ) =
= 𝐸0𝑟𝑜𝑡
138

1
1
2
2
2
2
+1
2𝑚0𝑉0τ = 2𝑚0𝑐 + 2𝑚0𝑐 = 𝑚0𝑐

.

(35)
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(different options for deriving expressions for 𝐸0𝑟𝑜𝑡 and 𝐸0 are given in
order to show that all these formulas do not contradict each other).
Thus, our model of the particle, based on the laws of classical
2

mechanics, not only leads to the relativistic formula 𝐸0 = 𝑚0𝑐 for the socalled «rest energy of particle» 𝐸0, but also reveals the physical meaning of this
energy and constant 𝑐.
2

Namely, according to this model, the value 𝐸0 = 𝑚0𝑐 is actually
not the rest energy, but the energy of real and continuous motion in the fourdimensional space of mass 𝑚0, associated with the segment δ𝑆4 of the
spiral, which is cutting out from this spiral at every moment time by
space 𝑅3. At that, this movement is a superposition of spin motion in the
space 𝑅3 and movement in the fourth dimension of the space 𝑅4 and is
determined by the movement of the space 𝑅3 of our Universe relatively
to the fourth dimension due to the continuous expansion of the «past»
‒

region 𝑅 4 . Note that, according to the author, it is this movement, i.e.
the expansion of our three-dimensional Universe in four-dimensional
space, that is the cause for the existence of cosmological time in it: at 𝑐 = 0
movement in the Universe would be impossible, which means that there
will be no time in it, the course of which we all feel now.
2

The value of 𝑐 in the formula 𝐸0 = 𝑚0𝑐 , which we consider the
velocity of the hyperspace 𝑅3 in the fourth dimension of the space 𝑅4
orthogonal to it, is identified in the theory of relativity with the speed of
light in vacuum. This means that the speed of movement of hyperspace
𝑅3 in the fourth dimension of space 𝑅4 is equal to the speed of light in
vacuum. The question of the physical reason for this equality is very
interesting, but the answer to it is not included in the task of this paper.
6. Now we consider the case when the particle 𝑀, which is the
three-dimensional «trace» of the four-dimensional helical spiral 𝑆4, moves
in the three-dimensional space 𝑅3 translationally along the coordinate axis
𝑂𝑍 (and its unit vector κ⃗ ) at a speed υ (where |υ| < 𝑐). This means that
the axis of this spiral is directed at an angle α ~ 𝑎𝑟𝑐𝑡𝑎𝑛 (υ 𝑐) to the unit
vector ⃗𝑙 of the four-dimensional space 𝑅4. In this case the rotation of the
point 𝑀 in the space 𝑅3 occur in the plane defined by the orts ⃗𝑖, ⃗𝑗,
perpendicular to both the vector ⃗𝑙 and the vector κ⃗ , which is quite
possible in four-dimensional space.
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Assuming that the radius of the helical spiral does not depend on
the speed υ of the translational motion of the point 𝑀 (i.e., the particle
⃗

⃗

associated with it) in the space 𝑅3, and the speed 𝑉τ = 𝑙𝑉τ of the
displacement of this point along the unit vector ⃗𝑙 is still equal to the
speed of motion of hypersurface 𝑅3 relative to the space 𝑅4, so that
𝑑𝑟⃗
𝑉⃗ τ = ⃗𝑙𝑉τ ≡ 𝑑𝑡τ ≝ ⃗𝑙𝑐,

(36)

we can write the equation of this spiral in the form:
𝑟⃗ (𝑡) = ⃗𝑖𝑎0cos ω𝑡 + ⃗𝑗𝑎0sin ω𝑡 + κ⃗ υ𝑡 + ⃗𝑙𝑐𝑡.

(37)
⃗
Hence the four-dimensional velocity vector 𝑉(𝑡)
of the point 𝑀,
which is the three-dimensional observable «image» of the particle:
⃗
𝑉(𝑡)
=‒ ⃗𝑖𝑎0ωsin ω𝑡 + ⃗𝑗𝑎0ωcos ω𝑡 + κ⃗ υ + ⃗𝑙𝑐 = 𝑉⃗ 𝑠𝑝(𝑡) + ⃗𝑙𝑉τ,
⃗

⃗

⃗

(38)

⃗

where 𝑉𝑠𝑝(𝑡) =‒ 𝑖𝑎0ωsin ω𝑡 + 𝑗𝑎0ωcos ω𝑡 + κυ is the three-dimensional
spatial component of the four-dimensional vector 𝑉⃗ of particle velocity,
𝑉τ = 𝑐 .
Note that since the two-dimensional plane defined by the unit
vectors ⃗𝑖, ⃗𝑗 in four-dimensional space is perpendicular to both the unit
vector κ⃗ and the unit vector ⃗𝑙, it is also perpendicular to any vector that is a
⃗ = κ⃗ υ + ⃗𝑙𝑐.
linear combination of unit vectors κ⃗ , ⃗𝑙, including vector 𝑁
Therefore, we can introduce a new three-dimensional system of unit vectors
⃗𝑖, ⃗𝑗, 𝑛⃗ , where
⃗
⃗
⃗
⃗
⃗
𝑛⃗ = 𝑁
= κυ2 + 𝑙𝑐2 = 𝑙 + βκ2
⃗
𝑁
| |
𝑐 +υ
1+β
(39)
(here and below β = υ 𝑐), so that the angle φ between the vectors 𝑛⃗ and ⃗𝑙
is determined by the equalities
c o sφ = (𝑛⃗ ∙ ⃗𝑙) =

1
,
1 + β2

sin φ =

β
,
1 + β2

.

and we can consider the helical spiral (37) with respect to the threedimensional Cartesian coordinate system constructed in the fourdimensional space 𝑅4 on this system of the unit vectors (note that for β = 0
the vector 𝑛⃗ coincides with the unit vector ⃗𝑙). In this coordinate system
⃗ 1 + β2𝑡 ≝ ρ⃗ (𝑡) + 𝑟⃗ 𝑛(𝑡),
𝑟⃗ (𝑡) = ⃗𝑖𝑎0cos ω𝑡 + ⃗𝑗𝑎0sin ω𝑡 + 𝑛𝑐
2𝑡

⃗
⃗
⃗
⃗
⃗
where ρ(𝑡) = 𝑖𝑎0cos ω𝑡 + 𝑗𝑎0sin ω𝑡, 𝑟𝑛(𝑡) = 𝑛𝑐 1 + β .
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Then the step 𝐻 of this spiral, the length 𝑙1 of its one turn, its
curvature 𝑘 and the radius of curvature 𝑅, as well as the period 𝑇 and the
speed 𝑐' of the movement of point 𝑀 in a spiral, are expressed by the
folowing formulas:
2
𝐻 = |𝑟⃗ (𝑇) ‒ 𝑟⃗ (0)| = 2π𝑐
ω 1+β ,
(41)
𝑙1 =

( )
𝑘 = 𝑎1 [1 + (𝑎 𝑐ω) (1 + β )] ,
𝑐
𝑅=1
𝑘 = 𝑎 [1 + (𝑎 ω) (1 + β )],

(2π𝑎0)2 + 𝐻2 = 2π𝑎0

1 + 𝑎 𝑐ω 2(1 + β2) ,
0
2

2

0

‒1

0

2

0

(42)
(43)

2

0

(44)

𝑇 = 2π
ω,

(45)

𝑙
𝑐 2
2
𝑐' = 𝑇1 = 𝑎0ω 1 + 𝑎 ω (1 + β ) .
0

(46)

( )

'
Recall that the velocity 𝑐 has the same physical meaning as the
velocity 𝑉0 in formulas (22) and others. Herewith, expression (46) should

'

go over into (22) for β = 0: 𝑐 |β = 0 = 2𝑐. It is logical to assume that the
same equality remains valid for all values of β ∈ ( ‒ 1 ; 1 ,)i.e.
𝑐' ≝ 𝑉0 = 2𝑐.

(47)
In this case, formula (46), taking into account the first of the
relations (22) 𝑐 = 𝑎0ω0, leads to the following dependence of the angular
velocity ω and the rotation period 𝑇 of point 𝑀 on β:
ω = ω 0 1 ‒ β2 ,

(48)

𝑇0
2π
𝑇=
=
.
ω 0 1 ‒ β2
1 ‒ β2

(49)
If we assume that the period 𝑇 determines the rate of all processes
occurring in our Universe at the micro level (and, as a consequence, at
the macro level), then formula (49) can be interpreted as an equality
expressing the law of time dilation acting within our Universe in systems
(microparticles and macrobodies) moving relative to the three-dimensional space of
the Universe rigidly connected with the hypersurface 𝑅3.
The exact same relativistic relation between 𝑇 and 𝑇0 not only
follows from the postulates of the special relativity theory and Lorentz
transformations, but is also confirmed by experiments [14,15]. The author
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considers this to be one of the strong (albeit indirect) confirmations of the
adequacy of the proposed model and the assumptions made in its
development and expressed by equalities (36) and (47).
Taking into account relation (48), expressions (41)–(44) take the
form:
1 + β2
1 + β2
𝐻 = 2π𝑐
ω 0 1 ‒ β 2 = 𝐻0 1 ‒ β 2 ≥ 𝐻0 ,
𝑙1 =

2 2 π𝑎0
1 ‒ β2

=

𝑙0
1 ‒ β2

(50)

≥ 𝑙 0,

(51)

2

‒ β = (1 ‒ β2)𝑘 ≤ 𝑘 ,
𝑘 = 12𝑎
1
1

(52)

0

2𝑎0
𝑅0
𝑅=
≥ 𝑅0 .
2=
1‒β
1 ‒ β2

(53)
From these relations it follows that the translational motion of the
particle in the space 𝑅3 leads to the stretching of the helical spiral along its
longitudinal axis, and as the modulus of the particle velocity υ
approaches the value 𝑐 (and, correspondingly, |β|→1), the length of one
coil of the spiral 𝑙1 and period 𝑇 tend to infinity. Perhaps exactly this
(provided that the helix considered here is a material structure, and not
just a mathematical object – a phase trajectory) is the reason for the
existence of limit and equal to 𝑐 speed of movement of material bodies in
the three-dimensional space of our Universe. In addition, if a particle
would exceed the speed of light 𝑐, it would mean that the extremely
stretched spiral corresponding to this real particle, which at υ = 𝑐 has
become essentially rectilinear, would cross the partition surface of spaces
𝑅 +4 and 𝑅 4‒ moving with speed 𝑐, and would pass to a continuously
‒
expanding region of the past 𝑅 4 which, presumably, is impossible.
⃗
⃗
Herewith, the module 𝑉𝑟𝑜𝑡 of its rotation speed 𝑉𝑟𝑜𝑡 ≝ ρ'(𝑡) in the
plane of the unit vectors ⃗𝑖, ⃗𝑗,
𝑉𝑟𝑜𝑡 = |ρ⃗ '(𝑡)| = 𝑐 1 ‒ β2,
(54)
⃗

turns out to be less than 𝑐, while the modulus 𝑉𝑛 of the component 𝑉𝑛 of
⃗
the vector 𝑉(𝑡)
directed along the vector 𝑛⃗ ,
𝑉𝑛⃗ = |𝑟⃗ 𝑛' (𝑡)| = 𝑐 1 + β2,
𝑉 =
turns out to be more than 𝑐. The equality 0
course, holds.
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(55)
2
𝑉𝑟𝑜𝑡

+ 𝑉𝑛2⃗ =

2𝑐

, of
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7. We will, as before, assume that all dynamic quantities are
expressed through the mass and velocity of the element δ𝑆4 of the spiral
and its radius 𝑎0 in the same way as in classical mechanics. However,
considering that the translational motion of a particle in the space 𝑅3
leads to a stretching of the spiral, and therefore to a possible change in its
physical properties, by the mass 𝑚 included in the corresponding
mechanics formulas we will mean not the so-called «rest mass» 𝑚0 of a
particle (more precisely, an unstretched element δ𝑆4 spirals), but the mass
𝑚 = = 𝑚(β) of the same but deformed element.
Given relations (36), (38), (40), (48), (55) and (55), for the angular
momentum vector 𝑀υ of a moving particle, its modulus 𝑀υ = |𝑀υ| and
the projection 𝑀υ𝑛 on the direction 𝑛⃗ (i.e., of the spin of a given particle),
we obtain the following expressions:
⃗ υ = 𝑚𝑐𝑎0[ 1 + β2 (⃗𝑖sin ω𝑡 ‒ ⃗𝑗cos ω𝑡) + 𝑛⃗ 1 ‒ β2],
𝑀
(56)
⃗

⃗

𝑀υ = 2𝑚𝑐𝑎0,
𝑀υ𝑛 = 𝑚𝑐𝑎0 1 ‒ β

(57)
2.

(58)
But, as evidenced by numerous, fundamentally different
experiments and relativistic quantum theory [16–18], fermions (particles
with half-integer spin) cannot be transformed into bosons (particles with
zero or integer spin) and, conversely, bosons cannot be transformed into
fermions. This means that the magnitude of the projection of the particle
angular momentum in a certain direction (which, as we can see, is determined
by the axis of the spiral and the vector 𝑛⃗ ) does not depend on the speed of the
translational motion of the particle. Therefore, the equality 𝑀υ𝑛 = 𝑀0𝑙, or
𝑚𝑐𝑎0 1 ‒ β2 = 𝑚0𝑐𝑎0.

(59)

must be fulfilled.
It follows that the observed mass 𝑚 of the particle (equal to the
mass of the element δ𝑆4 of the spiral) depends on the modulus of speed
υ of its translational motion in space 𝑅3 according to the law
𝑚=

𝑚0
1 ‒ (υ 𝑐)

2=

𝑚0
1 ‒ β2

,

(60)
which exactly coincides with the dependence 𝑚(β) [14,19], which is one
of the most important consequences of the special relativity theory
(SRT). This coincidence is another strong argument in favor of the
model proposed here and its theoretical development.
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Given equality (60), expressions (56)–(58) take the form, respectively:
⃗ υ = 𝑚0𝑐𝑎0
𝑀

[

]

1 + β2 ⃗𝑖sin ω𝑡 ‒ ⃗𝑗cos ω𝑡 + 𝑛⃗ ,
(
)
1 ‒ β2

𝑀υ =

2𝑚0𝑐𝑎0
1 ‒ β2

=

𝑀0
1 ‒ β2

≥ 𝑀0 ,

(61)
(62)

𝑀υ𝑛 = 𝑚0𝑐𝑎0 = 𝑀0𝑙.

(63)

8. We will find the energy characteristics of the particle as
functions of the parameter β. Taking into account expressions (54), (55),
(60) and the equality 𝑉0 = 2𝑐, we find that in this case the energy of the
particle’s rotational (spin) motion is
1
2
2
2
𝐸𝑟𝑜𝑡 ≝ 1
2𝑚𝑉𝑟𝑜𝑡 = 2𝑚0𝑐 1 ‒ β ,

(64)

the energy of its movement in the direction of the vector 𝑛⃗ is

(

)

2
1
2
2 1+β
𝐸𝑛⃗ ≝ 1
2𝑚𝑉𝑛⃗ = 2𝑚0𝑐 1 ‒ β2 ,

(65)

and the total energy of the particle is expressed by the formula
𝑚0 𝑐 2
2
𝐸≝1
𝑚𝑉
=
𝐸
+
𝐸
=
,
𝑟𝑜𝑡
𝑛⃗
2 0
1 ‒ β2

(66)
which exactly matches the corresponding relativistic result. This is another
factor testifying in favor of the proposed model and its consistency with
the fundamental conclusions of SRT.
𝐸
We will also calculate the kinetic energy υ⃗ of the translational
motion of the particle in the space 𝑅3 according to the general formula of
classical mechanics, but already taking into account the dependence 𝑚(β):
𝑚 0 υ2
2
𝐸υ⃗ ≝ 1
𝑚υ
=
= 1𝑚 𝑐 2
2
2 1 ‒ β2 2 0

(

)

β2
.
1 ‒ β2

(67)
The same formula can be obtained in a different way. Since the
energy of the particle’s motion in the direction of the vector 𝑛⃗ is
𝐸
determined by the formula (65), and the energy ⃗𝑙 of the particle’s motion
in the direction of the vector ⃗𝑙 orthogonal to 𝑅3 is determined by the
formula
2
𝐸⃗𝑙 ≝ 1
2𝑚𝑐 =

𝑚0 𝑐 2
2 1 ‒ β2

,

(68)

⃗ ⃗
⃗
𝐸
where υ = 𝑉𝑛 ‒ 𝑙𝑐, then the kinetic energy υ⃗ of the translational motion
of the particle in the direction of the vector υ⃗ is
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𝐸υ⃗ = 𝐸𝑛⃗ ‒ 𝐸⃗𝑙 =

𝑚0 υ

2

2 1 ‒ β2

.

(69)
The expression (67) obtained by us for
differs from the formula
proposed by the special relativity theory for the kinetic energy of a
moving particle [14,19]:
𝐸υ⃗

𝐸𝑆𝑅𝑇 = 𝑚0𝑐2

( 1 1‒ β ‒ 1).
2

(70)
This difference is understandable: in the SRT formula (70), in
contrast to expression (67), the energy of the particle’s spin motion is not taken
into account. On this basis, the author considers formula (70) to be
erroneous. However, in quantitative terms, the results of calculations by
formulas (67) and (70) for |β| ≪ 1 are very close:
𝐸⃗𝑙
→ 1,
𝐸𝑆𝑅𝑇|β|→0
(71)
and when |β|→1 they differ no more than twice:
𝐸⃗𝑙
1
1
→2
𝐸𝑆𝑅𝑇 |β|→1 ≈ 2(1 ‒ 2ε + 2ε)ε→0

|

(here ε = 1 ‒ |β| ≪ 1). At a value of β = 0.5 , the ratio

(72)
𝐸⃗𝑙 𝐸
𝑆𝑅𝑇 ≈ 0.93

, and

𝐸⃗𝑙 𝐸
𝑆𝑅𝑇 ≈ 0.72

with β = 0.9 .
9. In this regard let us draw attention to the results of Fan
Liangzao’s experiments [20]. In particular, the goal of one of his
experiments was to determine efficiency of particle acceleration by a
femtosecond linear accelerator of the Shanghai Institute of Applied
Physics and to find out how it depends on the final speed of accelerated
‒6
electrons. For this, a very short (about 10 m long) bunch of electrons
emitted by this accelerator was directed into a straight evacuated tube with
length of 𝐿 = 1.43m where it continued its rectilinear and uniform
motion. Sensors were installed at both ends of the tube to measure travel
time ∆𝑡 of the electron bunch in the tube. Electrons velocity 𝑉 acquired
in accelerator was determined by the classical formula 𝑉 = 𝐿 ∆𝑡. Then
using relativistic formula (70) the particle kinetic energy 𝐸𝑆𝑅𝑇 was
calculated, then it was compared with the energy 𝐸𝑎𝑐 spent by accelerator
to accelerate one electron. Acceleration efficiency η was determined by
the formula
Η = (𝐸𝑆𝑅𝑇 𝐸𝑎𝑐 ) ∙ 100%.

.

145

Physics
In this experiment energy 𝐸𝑎𝑐 varied from 0.025 MeV to 0.065 MeV;
the measured electron velocity 𝑉 varied from 0,313с to 0,480с, and the
«relativistic» kinetic energy 𝐸𝑆𝑅𝑇 calculated by formula (70) and using the
same measured velocity values varied from 0.027 MeV to 0.072 MeV. Thus,
it turned out that efficiency of electrons acceleration by this accelerator
exceeded 100%, slowly increasing with increasing electrons velocity! In other
words, kinetic energy of accelerated electrons was greater than the
accelerator was able to impart to them. In addition, calorimetric
measurements of kinetic energy of electrons accelerated to speeds of
about 0.99с showed unexpectedly large deviations from the values
predicted by the relativistic formula (70).
Based on the results of these experiments, the author of [20]
concluded that «both Einstein relativistic mechanics and traditional
theory of electromagnetic acceleration of particles are doubtful» and
therefore need to be replaced with another «correct» theory. Such a
theory the author of the work [20] considers the «Galilean relativistic
mechanics» proposed in 2009 by Di Hua [21,22] and based «exclusively
on the Galilean principle of relativity without Einstein’s postulate about
the constancy of the speed of light and without Lorentz’s reduction of
lengths» [20–22].
Calculation of the kinetic energy of the same accelerated electrons
according to formula (67) gives values in the range from 0.026 MeV to
0.067 MeV, which is still lower than the energy 𝐸𝑎𝑐 expended by the
accelerator and given in [20] (which, apparently, indicates a large error in
the determination of this energy in this paper), but nevertheless they
differ from 𝐸𝑎𝑐 significantly less and in addition indicate a slow decrease in
the electron acceleration efficiency with increasing their energy. In
author’s opinion all these can also serve as a «plus» argument for the
model he proposed. Now we return to the model.
10. As well as for energy, for the four-dimensional momentum 𝑝⃗
of the particle and its components, we use standard expressions of classical
mechanics, taking into account dependence of the mass 𝑚 on β = υ 𝑐:
⃗
𝑝⃗ (𝑡) ≝ 𝑚𝑉(𝑡)
=
=

𝑚0

⃗
( ‒ ⃗𝑖𝑎0ωsin ω𝑡 + ⃗𝑗𝑎0ωcos ω𝑡 + 𝑛𝑐
1‒β

𝑚0
1 ‒ β2

2

( ‒ ⃗𝑖𝑎0ωsin ω𝑡 + ⃗𝑗𝑎0ωcos ω𝑡 + ⃗𝑙𝑐 + κ⃗ υ) =
= 𝑝⃗ 𝑟𝑜𝑡 (𝑡) + 𝑝⃗ ⃗𝑙 + 𝑝⃗ υ⃗ ,
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1 + β2 ) =
.

.

(73)
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𝑝⃗

where ⃗𝑙 is the component of the vector 𝑝⃗ (𝑡) in the direction along the
unit vector ⃗𝑙 of the fourth dimension of the space 𝑅4:
𝑚0 𝑐
⃗𝑙,
𝑝⃗ ⃗𝑙 =
1 ‒ β2
(74)
𝑝⃗ 𝑟𝑜𝑡 (𝑡) is time-dependent vector of the momentum of rotational motion
in the plane of the unit vectors ⃗𝑖, ⃗𝑗 of the space 𝑅3:

𝑝⃗ 𝑟𝑜𝑡 (𝑡) =

𝑚 0 𝑎0 ω
1 ‒ β2

( ‒ ⃗𝑖sin ω𝑡 + ⃗𝑗cos ω𝑡),

(75)

𝑝⃗ υ⃗

is the vector of the momentum of the translational motion of the
particle in the space 𝑅3:
𝑚0 υ
𝑝⃗ υ⃗ =
κ⃗ = 𝑝υκ⃗ ,
1 ‒ β2
(76)
𝑝υ ≝ |𝑝⃗ υ⃗ |

is module of this vector:

𝑝υ =

𝑚0 υ

.
1 ‒ β2
(77)
A comparison of expressions (67) and (77) shows that the kinetic
𝐸
energy υ⃗ of the translational motion of the particle in the space 𝑅3 is
expressed through the module 𝑝υ of the momentum vector
same motion by the usual classical relation
𝑝2υ
𝐸υ⃗ = 2𝑚
.
Since it follows from formula (75) that
𝑝υ
β=
,
(𝑚0𝑐)2 + 𝑝2υ

𝑝⃗ υ⃗

of the

(78)

(79)

then

1 ‒ β2 =

𝑚0 𝑐

(𝑚0𝑐)2 + 𝑝2υ

.

(80)
Substituting expression (80) into formulas (64), (68) and (78), we
obtain another form of writing, respectively, of the energy 𝐸𝑟𝑜𝑡 of the
𝐸
rotational (spin) motion of the particle, the energy ⃗𝑙 of its motion in the
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𝐸
direction of the vector ⃗𝑙 and the kinetic energy υ⃗ of its translational
motion in the space 𝑅3:

𝐸𝑟𝑜𝑡 =

𝑚20𝑐3

(𝑚0𝑐)2 + 𝑝2υ

2

𝐸⃗𝑙 = 1
2𝑐

𝐸υ⃗ =

2

(

(𝑚 0 𝑐 )

2

,

+ 𝑝2υ ,

(81)
(82)

𝑝2υ𝑐
.
𝑚0𝑐 2 + 𝑝2υ

)

(83)
As a result, the expression for the total energy of the particle
𝐸 = 𝐸𝑟𝑜𝑡 + 𝐸⃗𝑙 + 𝐸υ⃗
takes the form familiar to all physicists:
𝐸 = 𝑚20𝑐4 + 𝑝2υ𝑐2 .

(84)
And since, on the other hand, 𝐸 = 𝑚𝑐 , then we come to another relation:
2

𝑚 = 𝑚02 +

𝑝2υ
.
𝑐2

(85)
Thus, the theoretical model proposed in this work, based only on
the laws and relations of classical mechanics, made it possible to obtain
another fundamental relation (84), which is considered an outstanding
achievement of the special relativity theory. Moreover, the conclusion of
formula (84) given here clearly shows that despite the absence in its right
side of the quantities characterizing the spin motion of a particle, this
formula takes into account the energy of this motion implicitly, in a hidden
form. This is what makes it possible to successfully apply this formula for
a theoretical analysis of processes occurring with particles having a nonzero spin.
The author considers the conclusion of formula (84) presented
here, which more fully reveals its physical meaning, to be an important
success of the model he proposed.
11. Let's square expressions (74) and (76). Given equalities (22),
(48) and (80), we obtain:

|𝑝⃗ ⃗𝑙|2 ≝ 𝑝2𝑙 =
|𝑝⃗ 𝑟𝑜𝑡 (𝑡)|2 ≝ 𝑝𝑟𝑜𝑡2
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(𝑚 0 𝑐 )2

= (𝑚0𝑐)2 + 𝑝2υ.
1 ‒ β2
𝑚 0 𝑎0 ω 2
2
2
=
2 = (𝑚 0 𝑎 0 ω 0 ) = (𝑚 0 𝑐 ) .
1‒β

(

)

(86)
(87)
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2

Now we find the square 𝑝 ≝ |𝑝⃗ | of the total momentum 𝑝⃗ of the
particle in the space 𝑅4:
2
𝑝2 = 𝑝2𝑙 + 𝑝𝑟𝑜𝑡
+ 𝑝2υ = 2[(𝑚0𝑐)2 + 𝑝2υ].

(88)

But, as follows from equality (84),

(𝑚0𝑐)2 + 𝑝2υ = (𝐸𝑐)2.

(89)

therefore
1 2
2 2
2
2
2
2
2
𝐸2 = 1
2𝑐 (𝑝 𝑙 + 𝑝𝑟𝑜𝑡 + 𝑝υ) = 2𝑐 [(𝑚0𝑐) + 𝑝𝑟𝑜𝑡 + 2𝑝υ],

(90)
whence follows another expression for the total energy of the particle:
1 2 2
2 4
2 2
𝐸= 1
2𝑚0𝑐 + 2𝑝𝑟𝑜𝑡 𝑐 + 𝑝υ𝑐 ,

(91)
in which, unlike formula (84), the energy of the particle’s spin motion is
2 4

explicitly presented (in expression (84) it was hidden in the term 𝑚0𝑐 ).
12. Let's find the generalized adiabatic invariant 𝑆 of the particle
motion (calculated per one turn of a spiral of length 𝑙1 or one period 𝑇).
By definition,
𝑇

𝑆=

∫

(𝑝⃗ ∙ 𝑑𝑟⃗ ) =

∫

𝑙1

𝑇

(𝑝⃗ ∙ 𝑉⃗ 0)𝑑𝑡 = 𝑚

∫(𝑉⃗

0

0

⃗

0 ∙ 𝑉0)𝑑𝑡,

(92)

or, after substituting expressions (47), (49) and (60),
𝑆=

4π𝑚0𝑐𝑎0
.
1 ‒ β2

(93)
If, following Bohr and Sommerfeld [23], we assume that the
adiabatic invariant is quantizing taking the values 𝑛ℎ, where ℎ = 2πℏ is
the Planck constant, then assuming 𝑛 = 1 (since we are considering one
coil of a spiral), from (93) we obtain:
2
𝑚0𝑐𝑎0 = ℏ
2 (1 ‒ β ).

(94)
Since for each particular particle the left side of this equality is
2
constant, while its right side contains the factor (1 ‒ β ), this equality can
only make sense if ℏ depends on β:
ℏ=

ℏ0
∗
2 ≝ ℏ (β),
1‒β

(95)
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where ℏ0 is the value ℏ = ℏ (β) for β = 0. Next we will omit the index 0
for the quantity ℏ0, assuming that exactly ℏ ≡ ℏ0 is the «true» Planck
constant.
As a result, equalities (94) and (93) take the form, respectively,
𝑚0𝑐𝑎0 = ℏ
2,
∗

(96)
∗

𝑆 = 2πℏ (β) = ℎ (β),

(97)
and substitution of expression (96) into formula (63) leads to the true
quantum expression for the projection of the fermion spin on the so-called
«selected direction» (which, as was shown above, is the direction in the
four-dimensional space 𝑅4 defined by the vector 𝑛⃗ , see the formula (39)):
𝑀υ𝑛 = 𝑀0𝑙 = ℏ
2.

(98)
This result can be considered as yet another, already quantumtheoretical, evidence in favor of the proposed spiral-helical model of the
particle.
13. The author notes that he came up with this model and deduced
all above formulas at the end of 1971, when he was a novice teacher of
theoretical physics at the university. This was his answer to the insistent
request of some students to give a visual, qualitative, «on the fingers»,
even maybe physically not quite correct, but understandable not kinematic
explanation of the origin of the known relativistic dependencies, or at
least convince them of the fundamental possibility of such explanation.
Having come to formula (87) the author, of course, understood that the
2
squared dependence of the «Planck constant» on the particle velocity υ
expressed by this formula would seem impossible to all physicists strictly
adhering to the canons of modern relativistic quantum theory, and
therefore would seem erroneous. For several decades the author himself
considered this formula to be a fundamental flaw in his model and in fact
its «grave digger», despite the fact that exactly the same dependence directly
follows from the well-known and widely used equality
𝑚𝑐2 = ℏω,

(99)

if the quantities 𝑚 and ω depend on the parameter β as instructed by the
special relativity theory, i.e. according to formulas (60) and (48). Indeed,
then
2

ℏ = 𝑚𝑐
ω =
150

𝑚0 𝑐 2 1
ℏ0
𝑐2
=
,
2 =
2ω
2
ω
1 ‒ β2
0 1‒β
1‒β 0 1‒β
𝑚0

(

)

(100)
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where ℏ0 = 𝑚0𝑐 ω0. The reason for this uncertainty of the author in the
validity of dependence (95) was his acquaintance with de Broglie’s elegant
idea [24,25], which made it possible to reconcile formula (99) with the
special relativity theory.
According to de Broglie the frequency ω of the «internal ...
sinusoidal process» in equality (99) depends on β according to exactly the
2 ‒ 1/2

same law as the mass 𝑚 = 𝑚(β), i.e. ω = ω0(1 ‒ β )
, but this internal
process in a particle excites a special wave in space (which de Broglie
∗
called «fictitious» [24]), which propagates with a phase velocity 𝑐 = 𝑐 β
and which «is not related to energy transfer» [24]. Assuming that the phase
of intraparticle process coincide with the phase of this wave, de Broglie,
on the basis of the principle of relativity, showed that this condition can
be satisfied if the frequency of the wave ω1 recorded by a stationary
2

observer is related to the frequency ω by relation ω1 = ω(1 ‒ β ). After
substituting here the expression for ω he obtained the well-known
2

relativistic relation ω1 = ω0 1 ‒ β [24,25].
However, many years later after carefully analyzing de Broglie's
arguments the author came to the conclusion that de Broglie's
interpretation of equality (91) is not entirely logical and therefore
doubtful. Indeed, if we ignore the constants 𝑐 and ℏ then it turns out that
the mass 𝑚 standing on its left side is experimentally measurable and
characterizes the specific material particle, while the frequency ω
comprising the right side of the equality in this case is only calculated,
experimentally immeasurable parameter related to the intangible wave of
probability. On the other hand, the author was convinced of the validity of
dependence (95) by the well-known quantum-mechanical calculations of
the energy spectrum of the hydrogen atom, which, taking into account
experimentally confirmed dependences of electron mass (60) and the
observed radiation frequency (48) emitted by a moving atom, on β, also
lead to the relation (95) [26]. Later the author found out that the idea of
existence of the «Planck's constant» dependence on the velocity of
particles and atoms (but for completely different reasons) came to some
other researchers (see for example [27, 29]).
14. Finally, we note that equality (96) allows us to find a very simple
relationship between parameters 𝑎0, 𝐻0, 𝑙0, 𝑅0 of the considered spiral and
λ𝑐 = 𝑚ℏ 𝑐
𝑇
0
0 :
the period with the Compton wavelength of the particle
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ℏ = 1λ ,
𝑎0 = 2𝑚
2 𝑐
0𝑐

(101)

𝐻0 = 2π𝑎0 = πλ𝑐,

(102)

𝑙0 = 2 2π𝑎0 = 2πλ𝑐,

(103)

𝑅0 = 2𝑎0 = λ𝑐,

(104)

𝑇0 =

2π𝑎0 πλ𝑐
𝑐 = 𝑐 .

(105)

15. Thus, on the basis of, in fact, only classical ideas, several
simple and logical assumptions and the only Bohr-Sommerfeld
«quantum» hypothesis, within the framework of the proposed model of a
particle as a material helical spiral in four-dimensional space, we obtained
physically reasonable values of the parameters of this spiral, and also for
a particle moving evenly and translationary in our three-dimensional
space we derived the relativistic expressions for its total energy, mass and
frequency of intrinsic oscillatory process, known from the relativity
theory, clarified the relativistic formula for the kinetic energy of such
particle, derived the known relation between total energy of a particle, its
rest mass and momentum of translational motion, specifying its physical
sense, and indicated the possible physical reason for dependence of the
frequency of a particle «internal motion» on its speed, explained the
reason for existence of the limiting speed of movement of material
bodies in the space of our Universe, came to the correct value ℏ 2 of spin
projection in the «selected direction», explaining at the same time what
this direction means in reality.
It was also established that «relativistic» effect of time dilation
(more precisely, slowing down the rate of physical processes in moving
bodies) is a consequence of the spin motion of elementary particles, and
dependence of the inertial mass of moving bodies on their speed is
explained in the framework of this model by the deformation of helical
spirals associated with elementary particles that form these bodies. All
these very curious and encouraging results apparently are not accidental
and therefore the author hopes that this model correctly reflects at least
some important aspects of the real picture of the microworld structure.
16. In conclusion we will give a proactive response to a possible
criticism of the model proposed here for those opponents who do not
believe in reality of the fourth dimension and therefore in principle can’t
allow the existence of a material spiral in a fictitious (in their opinion) fourdimensional space. These opponents will most likely refer to the Latin
152

The Papers of independent Authors

Volume 47, 2020

maxima «Entia non sunt multiplicanda praeter necessitate» («Entities must not
be multiplied beyond necessity»), which William Hamilton, professor of
logic and metaphysics at the University of Edinburgh, in his 1852 book
«Conversations on Philosophy and Literature», first called «Occam's
Razor» [28]. However, firstly, it is important to remember that Occam's
razor is not an axiom, i.e. an undeniable, obvious requirement, but just a
useful recommendation. It does not prohibit more complex explanations in
principle but only recommends one of the methods for considering
hypotheses. Secondly, we will not mention a lot of outstanding hypotheses
that underlie modern natural science (including physics) contrary to this
principle, which later, sometimes after many decades, were confirmed by
experience. The author, publishing this work, sincerely believes that the
model he has proposed will eventually receive experimental confirmation.
So, let's try to argue with possible opponents. First, we can insist that the
above results obtained in the framework of this model indicate the
presence of rational grains in it. Such, obviously, are the assumptions about
the constant displacement of the particle along the temporal (fourth)
coordinate with velocity 𝑐, and about its simultaneous rotation in a plane
perpendicular to the velocity vector υ⃗ . Since without these assumptions it
is impossible to obtain any of the results listed in paragraph 15, some
opponents who are not too antagonistic may agree with them, but
following their «three-dimensional» logic they will suggest that the
considered here helical spiral is not a material object but only a geometric
image of the trajectory of a point particle in an abstract space (𝑟⃗ ,𝑡), i.e. a
graph of its movement in the three-dimensional space. In other words, they
will offer to get rid of «extra entities» – the reality of the fourth dimension
and the materiality of the spiral.
However, the first of these proposals completely kills the physical
basis of the author’s most important assumption (and therefore the
model as a whole) that the particle not only rotates around a certain
center but also continuously moves with a constant speed 𝑐 (equal to the
speed of light), even if speed υ⃗ of its translational motion in our threedimensional space is zero – it will have nowhere to move like that! The
author can’t agree with this.
Now we turn to the second expected proposal of the opponents –
to consider a helical spiral as only an abstract time scan of a particle
rotational motion. But in order to accept this proposal we must answer
the question: what is the reason of particle rotation around a certain center?
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Here, inevitably, it will be necessary to introduce a «new entity» – to place
a source of force in this center that keeps the moving particle on the circle.
Let’s estimate the strength of this source, assuming for simplicity
that the particle does not move translationally, so that υ⃗ = 0. In this case
the linear velocity of the particle is 𝑐. Let the mass of the particle and the
radius of the circle be equal, respectively 𝑚0 and 𝑎0. Then the particle’s
motion around the circle will be stable if the source (denoted by the letter
𝐹𝑠 = 𝐾2
𝑎0, where 𝐾 is a
𝑆) acts on the particle with attractive force
2
coefficient with dimension 𝑁 ∙ 𝑚 , which can be found from equality

𝑚0 𝑐 2 𝐾
𝑎0 = 𝑎2 .
0

(106)

From here
𝐾 = 𝑚 0 𝑐 2 𝑎0 = 1
2ℏ𝑐

(107)
(equality (96) is taken into account here). But, as it is known (see, for
example, [23]),
𝑒2 ,
ℏ𝑐 = 4πε
α

(108)
is
dimensionless quantity called the fine structure constant. Substituting
expression (108) into formula (107) we find an estimate for the
magnitude of the force that must act on the particle so that it rotates at a
speed 𝑐 along a circle of radius 𝑎0:
0

where 𝑒 is electron charge, ε0 is electric constant, α ≈ 1/137

1 𝑒2 ≈ 68,5 𝑒2 ≈ 68.5𝐹 ,
𝐹𝑠 = 8πε
2
𝐶
4πε0𝑎20
0 α 𝑎0

(

)

(109)

where 𝐹𝐶 is the force of the Coulomb interaction between two electric
charges 𝑒 each, located at a distance 𝑎0 from each other.
Thus we found that in this case a particle (for example, an electron)
should be affected by a force from the center that is 68.5 times greater
than the Coulomb force, i.e. in order of magnitude it should be comparable
to the so-called strong interaction, characteristic of atomic nuclei! But, as it
is known, electrons do not participate in strong interactions. This means
that there should exist a force still unknown to science, to which electrons
respond, i.e. another «new entity».
In addition, as it is easy to make sure, for a nonzero velocity of the
translational motion of a particle, the force 𝐹𝑠 should depend on β.
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But these are yet not all the amazing qualities that a central source
𝑆 should possess, if we assume its existence. Indeed, experimentally
validated equalities (60), (66), (84) include the mass 𝑚0 only of rotating

particle, but not the mass of the central source of force. The well-known
2
formula 𝐸 = 𝑚𝑐 also represents equality between the total energy of a
particle and the product of only its mass 𝑚(β) by the square of the speed
of light. In other words, neither the mass 𝑚𝑆 of the center 𝑆 nor its
energy 𝐸𝑆 manifest themselves in any way in energy relations. This means
that either these values are equal to zero: 𝑚𝑆 = 𝐸𝑆 = 0, or the mass defect of
the «force center 𝑆 – particle» system must be such that effective mass of
this system and the corresponding total energy are exactly equal to 𝑚(β)
2
and 𝑚(β)𝑐 . However, the second option is very unlikely, since the
considered force center must be (and it turns out in reality) completely
«invisible», we do not find it in particle scattering experiments, which
show in particular that in three-dimensional space electron behaves like a
point particle. This would be possible if only electron orbiting a given
center would feel the force 𝐹𝑠, but not other electrons colliding with it.
This means that mass and energy of this center should be equal to zero
but nevertheless it must act on the particle with a certain force.
However, the author cannot believe in existence of such unusual
and contradictory properties of an imaginary power center 𝑆. Therefore
he believes that such center simply does not exist and therefore the helical
spiral considered above is not just a physical-theoretical object, i.e. a
figment of our imagination, like an image of the particle’s trajectory in an
abstract four-dimensional space-time for example, but that spiral is a
model of a real material structure existing outside our consciousness.
As for the author’s application of the formulas of classical
mechanics to a particle moving in a four-dimensional space 𝑅4 with a
superlight velocity 2𝑐, and in its three-dimensional subspace 𝑅3 (i.e. in
the space of our Universe) with the speed 𝑐 (taking into account the
particle’s rotation in plane (⃗𝑖, ⃗𝑗) and its translational movement in the
direction of the unit vector κ⃗ ), then the results obtained in this work
indicate not possibility but correctness of the author’s solution. We can also
refer to the «Occam’s razor» here: why invent something new, put
forward additional hypotheses if well-known classical formulas lead to
the correct result confirmed by experience? And so the results of this
work allow us to make another important conclusion (which, of course,
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needs additional verification) that the laws of classical mechanics are applicable
at any particle velocities provided that they take into account dependence of the
inertial mass of the particles on their speed.
17. Of course, the proposed here model of particles as extended in
the temporal dimension material spirals, and the results obtained on its
basis can be considered as some kind of physical curiosity, but, as the author
believes, one can take them more seriously. The ideas that we live on a
three-dimensional expanding «brane», that the time flow is caused by this
expansion, and that all «particles» have nonzero sizes in time dimension,
have been repeatedly expressed by different scientists. Therefore the new
in this article is, firstly, assumption of a three-dimensional spiral structure
of objects considered as fundamental particles and their certain
orientation in the four-dimensional space, and, secondly, application of
the laws of classical mechanics in a seemingly non-classical field. All the
more so especially unexpected (for the author) and surprising the results
of this elementary theoretical «experiment» turned out.
It should be said that the author understands that the physical
model of the spatio-temporal structure of the Universe and fundamental
particles proposed here does not have (and will not have for a long time)
an experimental justification, and the entire theoretical framing of this
model seems to be some kind of analogue of the child’s «cubes game»
and therefore it can’t be considered by orthodox physicists except as a
frivolous, purely theoretical, speculative construction, as an author’s
«mind game» not worthy of attention.
The author himself treats the way used by him for deriving results
with a certain irony and skepticism and treats also some of these results
with a certain distrust. And he brought this work «to the court of society»
only because that ideas he used, namely eclectic alloy of elementary
concepts and relations of classical mechanics, firstly, conditions for
quantizing action, secondly, and experimental fact that the spin of
elementary particles is independent of their speed, thirdly, resulted in a
number of well-known fundamental relativistic relations, on the basis of
which, as it is known [29], it is possible to construct the entire special
relativity theory. In addition, along the way, a simple explanation of the
impossibility for material particles to achieve the speed of light in vacuum
was given, and there also appeared a hope to explain the reasons for the
dependence of the mass of particles on their speed.
But, as noted above, of all the surprising results, the inconstancy of
Planck’s «constant» turned out to be completely strange and unexpected
for the author, because of which both the model and the whole theory
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describing it were almost sent to oblivion. And only the fact that the exact
same result was later obtained in a completely independent way from the
known relations of the special relativity theory and the relativistic
quantum theory of the atom, saved the proposed model and its «strange»
theory. Although there is no more strangeness in them than in a single
complex «space-time» of the relativistic theory and in the Bohr model of
the hydrogen atom.
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Are the electron charge and the Planck's
constant really constant?
Abstract
It is shown that relativistic formulas for time dilation and for
dependence of the particles mass on the velocity of their movement,
on the one hand, and the quantum-mechanical expression for the
energy levels of the hydrogen atom, on the other hand, do not
contradict each other only if the Planck constant ℏ is a function of
'
2
velocity in the form ℏ = ℏ/(1 ‒ β ), and charges of electron and
proton depend on the velocity of their motion according to the law
𝑒' = 𝑒/(1 ‒ β2)1/2. It is noted that the last equality also follows from
the well-known formula for electric potential of a point charge moving
with a constant velocity. An expression is proposed for the Lagrange
function of a charged particle in an electromagnetic field, taking into
account the above dependencies.

1. As it is known, one of the consequences of the special relativity
theory (SRT) is the prediction of existence of dependence of time intervals
between fixed events, measured in inertial reference frames (IRF) moving
relative to each other, on the relative velocity of these IRF. This dependence
is expressed, according to SRT, in particular, in deceleration of all processes,
including the progress of the clock, in a moving reference frame in
comparison with the same processes in the reference frame accepted as
resting. More precisely, the shortest time interval between two events, for
example, between the beginning and the end of a certain process, is
measured by the own clocks of this reference frame, i.e. by the clocks resting in
this IRF. According to the clocks of all other IRFs moving relative to a given
reference frame, this time interval turns out to be longer by
γ = [1 ‒ (υ/𝑐)2] ‒ 1/2 > 1 times, where υ is the relative (with respect to this IRF)
velocity of a moving reference frame, and 𝑐 is the speed of light in vacuum
[1,2]. A similar conclusion also follows from a theory based on Tangerlini
transformations which are not based on the principle of relativity [3].
This conclusion of the theory was experimentally confirmed, firstly, in
increasing lifetime of rapidly moving μ-mesons and other unstable elementary
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particles, and secondly, in a series of experiments performed in 1938–1941
by H. Ives and G. Stillwell, who observed a shift of the spectral lines of the
optical radiation of hydrogen atoms due to the relativistic transverse (quadratic)
Doppler effect [4]. Later similar, but methodologically more advanced
experiments confirming the conclusions of Ives and Stillwell were carried out
by a number of other researchers [5,6]. Third, in 1972 in J. Hefele and R.
Keating experiments, a direct check of deceleration of the running of atomic
(cesium) clocks under macroscopic conditions was carried out for the first
time [7]. Four clocks were placed in two jets flying around the Earth in east
and west directions. Readings of these clocks were compared with readings
of the reference clock remaining on Earth. These experiments confirmed the
fact of slowdown running of the moving clock in accordance with the
prediction of SRT. Currently, this effect is taken into account during the
initial installation and subsequent adjustments to the rate of the atomic clock
placed in satellites of GPS and GLONASS navigation systems [8,9].
Another effect predicted by the special relativity theory is a reduction in
the longitudinal (parallel to the body’s velocity vector υ⃗ ) size of moving bodies
by γ times [1,2]. A theory based on Tangerlini transformations leads to the
same conclusion. Unfortunately, scientists still have no consensus whether
this effect is purely kinematic, i.e. depending only on the method of
measuring the size of a moving body, or dynamic, resulting from the action of
some forces. Moreover, from equation of the wave created by a moving
isotropic point monochromatic source, as well as from some acceptable
transformations of the spatio-temporal coordinates it follows that the
longitudinal size of the moving body does not change, but the transverse sizes
of this body increase by γ times [10]. At the same time, it is not currently
possible to establish empirically which of presented here points of view on
the influence of body motion on its sizes is true, because of the need to
ensure very high accuracy of the experiment (for this reason, a recent
experiment with a rotating disk, which showed the absence of reduction
cannot be considered convincing).
Finally, the most important effect of particles motion with velocities
comparable to the speed of light is an increase in their mass by γ times [1,2]. It
was first discovered in Kaufman experiments and later it was taken into
account, on the one hand, as a mandatory factor in design of all particle
accelerators, and on the other hand, in interpreting results of experiments on
the interaction and scattering of fast elementary particles in their collisions.
2. So, according to experimental data, periods 𝑇0 and 𝑇 of the same
processes occurring, respectively, in the resting and moving at a velocity υ
physical systems are related by the relation
160
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𝑇=

𝑇0
1 ‒ β2

,

(1)

and the mass 𝑚 of a particle moving with velocity υ is related to its rest mass
𝑚0 by a similar equality
𝑚0

𝑚=

1 ‒ β2

.

(2)

where β = υ/𝑐 (|β| < 1).
Also, from the famous ratio
𝐸 = 𝑚𝑐2,
(3)
between total energy 𝐸 and the body mass 𝑚 and from formula (2) it follows

that
𝐸=

𝐸0
1 ‒ β2

.

(4)
Considering equalities (1)–(3) reflecting true physical phenomena and
relationships we will take them as the basis of our further considerations.
In this case on the basis of equality (1) we can conclude, in particular,
that frequency ω of the spectral line of radiation emitted by moving atoms is
1 ‒ β2 times less than frequency ω0 of radiation of the same spectral line

emitted by a stationary atom :
ω = 1 ‒ β2 ω 0 .

(5)
Exactly this ratio of frequencies, expressed in the quadratic Doppler
effect in the emission spectra of moving atoms and in slowdown of rapidly
moving atomic clocks whose operation is based on using of quantum
(optical) frequency standards, is confirmed by experiments.
In this connection the question arises: how can this phenomenon, i.e.
frequency shift, be explained from the point of view of atomic physics? Indeed,
frequency ω𝑛𝑛' of the atom radiation is related to the energy values 𝐸𝑛 and 𝐸𝑛'
of the quantum states 𝑛 and 𝑛' of this atom, between which the transition
occurs:
ω𝑛𝑛' =

𝐸𝑛 ‒ 𝐸𝑛'
ℏ ,

(6)
where ℏ is the Planck constant.
This means that atom movement somehow leads to a certain shift of
its energy levels, more precisely, to a change of its internal energy, which is
the energy of the electron shell of this atom. It would seem that this clarifies
the physical cause of the frequency shift, because the mass of electrons
depends on their velocity according to formula (2). But can taking into
account only this factor explain the observed frequency shift?
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To answer this question, let’s turn to the specific formulas that
describe the energy spectrum of the simplest atom – the hydrogen atom.
3. According to the relativistic quantum theory, the energy spectrum of
the resting hydrogen atom 𝐸𝑛𝑘 can be found by solving the corresponding
Dirac equation, which leads to the expression [11,12]:

where

‒1
2

{
𝑚 𝑐
1α 1 ‒ 3 + … ,
≈‒ α
1+𝑛
[
(|𝑘| 4𝑛) ]
2𝑛

𝐸𝑛𝑘 = 𝑚0𝑐2 [1 + α2(𝑛𝑟 + 𝑘2 ‒ α2) ‒ 2]
2

0

2

2

2

}

‒1 ≈

𝑒2 ≈
1
α = 4πε
ℏ𝑐 137,036 ≪ 1

.

(7)
(8)

0

is the dimensionless constant called the fine-structure constant, 𝑚0 and 𝑒 are the
mass and electric charge of the electron, ε0 is the electric constant, 𝑛 is the
main quantum number of the hydrogen atom, 𝑛 = 𝑛𝑟 + |𝑘| == 1, 2, 3, …;
𝑘 =± 1, ± 2, ± 3, ….
To a first approximation all terms in square brackets in formula (7) that
‒5
are very small compared to unit (having values no more than 5,5 ∙ 10 ) can
be neglected. Physically this means neglecting the very subtle effect of the
spin-orbit interaction of electron and the corresponding splitting of the basic
energy levels of the atom. Note that in this case approximate formula for the
energy levels 𝐸𝑛𝑘→𝐸𝑛 of the hydrogen atom, obtained in the Dirac theory,
coincides with similar formulas following both from solution of the
Schrödinger equation and from the semiclassical Bohr theory [12,13]:
𝐸𝑛 =‒

𝑚0𝑒4 1
.
32π2ε20ℏ2𝑛2

(9)
ω𝑛𝑛'

of different
It follows from here and from (6) that frequencies
spectral lines of the hydrogen atom are expressed with great accuracy by the
formula
ω𝑛𝑛' =

𝑚0𝑒4
𝑚0𝑒4
1
1
.
2 2 3 '2 ‒ 2 ~
32π ε0ℏ 𝑛
𝑛
32π2ε20ℏ3

(

)

(10)
Thus frequency ω of any spectral line of the resting hydrogen atom is
proportional to the following combination of 𝑚0, 𝑒, ℏ and ε0, called
fundamental physical constants:
ω~
162

𝑚0𝑒4
.
ε20ℏ3

(11)
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Since the electric constant ε0 characterizes the physical vacuum but
not the atom, it cannot depend on the velocity υ of the atom. Therefore
relation (11) can be rewritten in the form
ω~

𝑚 0 𝑒4
.
ℏ3

(12)
As before, we will add index «0» to the values related to the resting
atom. Then it follows from formulas (4) and (5) that

𝐸0
𝐸 = 𝐸0 ∙
1
1
=
∙
~ ℏ 2.
2
2
2ω
ω
ω
1‒β
1 ‒ β 0 (1 ‒ β ) 0 1 ‒ β

.

β,

But if we assume that relations (3) and (6) are valid for any values of
so that always 𝐸/ω ~ ℏ, then inevitably there should exist the following
dependence:
ℏ ,
1 ‒ β2
constant ℏ is
ℏ' =

(13)
the value of the function

where the «standard» Planck
ℏ' = ℏ'(β) for β = 0.
Thus, expression (10) for the radiation frequency emitted by an atom will
not contradict the general relativistic expression (5) for the observed radiation
frequency emitted by any moving source only if relation (13) holds, i.e. if
Planck's «constant» depends on the atom velocity.
4. Note that dependence (13) was obtained by the author yet in the
end of 1971 on the basis of analysis of his proposed model of a particle with
a spin in the form of a helical spiral in the four-dimensional space [14]. A
∗
slightly different form of the dependence ℏ (β) was proposed by A.A.
Efimov [15], who based his calculations on the property of covariance of
projections of angular momentum under relativistic transformations of
'
space-time coordinates. Necessity of introducing dependence ℏ (β) into
quantum physics was also emphasized by a number of other authors (see, for
example, [16]).
Nevertheless, in modern physics, the quantity ℏ is considered as a
constant independent of β. This conclusion is based on the results of the wellknown work of de Broglie [17], who came up with idea how to reconcile
requirements of the special relativity theory and the quantum-wave theory.
Recall that de Broglie based his hypothesis on the validity of the
«quantum relation
ω = 𝑚𝑐
ℏ

2

(14)
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[where ω is the frequency of the «internal ... sinusoidal process» occurring in
a particle with mass 𝑚] for both a stationary and a moving observers», and
on special principle of relativity, according to which movement of an
observer relative to a stationary particle is physically completely equivalent to
movement of this particle relative to the stationary observer.
If the particle is resting, then 𝑚 = 𝑚0 and ω = ω0, where
𝑚0𝑐2
ω0 = ℏ
.

(15)
Wherein, in accordance with conclusions of the special relativity theory
a moving observer will see the periodic process taking place inside this particle
2 1/2

as slowed down and will assign frequency ω1 = ω0(1 ‒ β ) to this process.
Exactly the same frequency ω1, according to the principle of relativity, a
resting observer watching the moving particle should attribute to the
intraparticle process.
However according to equality (14) not frequency ω0, but frequency
2 ‒ 1/2
ω=𝐸
ℏ = ω0(1 ‒ β )
, depending on the particle velocity υ = β𝑐 as well as its
2
2
2 ‒ 1/2
mass 𝑚 = 𝑚(β), corresponds to the total energy 𝐸 = 𝑚𝑐 = 𝑚0𝑐 (1 ‒ β )
of
the moving particle. This means that resting observer following this particle
'
2 1/2
should register frequency ω1 = ω(1 ‒ β ) = ω0 ≠ ω1.
To eliminate this contradiction de Broglie hypothesized that a moving
particle is always accompanied by a special wave [generated by the particle?]
with frequency ω and propagating in the same direction with a phase velocity
2
𝑐
𝑢 = 𝑐υ = β

as the particle itself. According to de Broglie, «this wave moving
with a velocity greater than the speed of light 𝑐 is not connected with the
transfer of energy», and it should be «considered only as a fictitious wave» [17,
18].
Let, according to de Broglie, a moving particle was at the time 𝑡 = 0 in
the point 𝑥 = 0, and phase of its internal sinusoidal process was equal to
zero. Then at time 𝑡 this particle was already at a distance 𝑥 = υ𝑡 from the
origin, and the internal process in it recorded by the resting observer was
determined by the expression
𝑠𝑖𝑛 (ω1𝑡) = 𝑠𝑖𝑛

(ωυ𝑥) .
1

(17)

On the other hand, the wave accompanying this particle in this point 𝑥,

()

𝑥 == ωυ𝑥
∆φ = ωΔ𝑡 = ω 𝑢
𝑐2 , is
taking into account the delay of its phase by

represented in the form [17,18]
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(

𝑠𝑖𝑛 (ω𝑡 ‒ ∆φ) = 𝑠𝑖𝑛 ω𝑥
‒ ωυ𝑥
υ
𝑐2

2

) = 𝑠𝑖𝑛 [ω𝑥υ(1 ‒ υ𝑐 )] .
2

(18)
Assuming that the phases of the harmonic process (16) recorded by
the observer and the wave (17) coincide, de Broglie obtained the relation
ω 1 = ω (1 ‒ β 2 ),

which, taking into account the expression for ω(β), leads to
the desired equality
ω 1 = ω 0 1 ‒ β2 .

(19)

5. So natural frequency of the internal vibrations associated with the
particle is equal to ω0, frequency of these oscillations observed by the same
observer of «fictitious» wave propagating with velocity the resting observer is
2

2 1/2

equal to ω1 = ω0(1 ‒ β )

, frequency recorded

𝑢 = 𝑐υ

is also equal to ω1,
2 ‒ 1/2

but this wave was created by a frequency oscillator ω = ω0(1 ‒ β )
coupled to the particle.
Then if the true mass of a particle is always equal to its rest mass 𝑚0
and dependence 𝑚(β) is a purely kinematic effect or a consequence of
decrease in the influence of an external field with increasing particle velocity,
then there are no real reasons that can lead to a difference in the value of ω
from ω0. But in this case, equalities (18) and (19) conflict with each other.
If the particle’s mass really grows with its velocity, then it is not clear
how frequency of internal vibrations of a moving particle defined by the
2 1/2

observer as ω1 = ω0(1 ‒ β ) can remain equal to ω0, rather than accept the
value of ω. In the author’s opinion, there are no reasons for this, and
expression for ω1 in this case should take the form ω1 =
= ω(1 ‒ β2)1/2 which obviously contradicts relation (18).
Note that if we consider the wave introduced by de Broglie as fictitious,
then its source, as well as its frequency ω, should be considered fictitious too.
In modern quantum theory the de Broglie wave is interpreted as an
intangible wave of probability. But in this case physical meaning attached to
equality (14) is not quite logical and therefore doubtful. Indeed, if we ignore
the constants 𝑐 and ℏ, then it turns out that the mass 𝑚 in its right-hand side
is experimentally measurable and characterizes a specific material particle, while
the frequency ω included in the left-hand side of the equality is only calculated,
an experimentally relevant parameter related to an intangible wave.
If we consider the de Broglie wave to be material (although not
carrying energy), then both frequency ω and its source acquire the status of
real. In this case in order to eliminate the above contradictions one could
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assume that in case of a moving particle, both equalities (14) and (15) hold
simultaneously, herewith the first of them determines frequency ω depending
on β of the oscillations of the «fictitious» wave, and the second determines
the constant natural frequency of the internal oscillations of the particle.
Therefore for a moving particle it is necessary to correlate not one but two
different frequencies ω0 and ω. Herewith it is necessary to indicate (and to
convincingly justify) the physical reason for the difference between them if we
consider the mass of the particle independent from velocity, or the reason
for the constancy of frequency ω0 if the mass of the particle is a function of
β.
However solution of this problem seems rather complicated. It is
much easier to assume, as the author did, that quantity ℏ actually depends on
β and therefore relation (14) should be written in the form
𝑚(β)𝑐2
ω(β) = ∗
,
ℏ (β)
(20)
∗
where functions ω(β), 𝑚(β) and ℏ (β) are determined by formulas (5), (2)
and (13), respectively.

6. Now from relations (12), (2), (5), (14) we can find dependence of the
electric charge of the electron on β = υ/𝑐:
2
'3
ℏ3
2 ω ∙ 1 ‒ β 1/4 =
𝑒'~ ℏ𝑚'ω' 1/4 =
∙
1
‒
β
𝑚0
(1 ‒ β2)3
.

( )

[

=

Thus we come to the relation

( )

1
ℏ3ω
2 𝑚
0
1‒β

1/4

~

𝑒
1 ‒ β2

]

.

𝑒 ,
1 ‒ β2
(21)
which, the author guesses, will be immediately rejected by the vast majority
of modern physicists as contradicting all experiments in which charged
relativistic particles participate. (Naturally relation (21) must be satisfied in
case of both electrons and protons.)
Basic objection against dependence (21) existence is that this dependence contradicts to existing concept of electric charge invariance. It is
considered that this concept is confirmed with great accuracy, firstly, by
atoms electroneutrality (despite the fact that their electrons move thousands
times faster than nuclei), secondly, by substance electro-neutrality
conservation under heating, thirdly, by substance total charge conservation
during chemical reactions, fourthly, by all modern charged particle
accelerators performance.
166

𝑒' =

The Papers of independent Authors

Volume 47, 2020

However all these objections are no longer valid, if to take into account
that in experiments charge magnitude is never measured but only this charge
created field magnitude is measured. And charge in-crease with its velocity
increase is exactly compensated by corresponding its field decrease due to
this field Lorentz compression. It follows with certainty from comparison of
formulas (21*) and (*) (or (22)). The right-hand sides of indicated formulas
are interconnected by identic transformation. This transformation doesn’t
change these quantitatively but gives these fundamentally different physical
interpretations. In this connection author would like to cite an excerpt from
the famous «Feynman Lectures on Physics» [19]. There, based on the general
Lienard – Wiechert formula for the scalar potential, an expression is obtained
for electric potential φ(𝑥,𝑦,𝑧,𝑡) of a point charge q moving at a constant
velocity υ along the 𝑂𝑥 axis:
φ(𝑥,𝑦,𝑧,𝑡)

𝑞
= 4πε

1
0

2
υ
(𝑥 ‒ υ𝑡) + 1 ‒ 2 (𝑦2 + 𝑧2)
𝑐
2

( )

.

(21*)
Then Feynman writes: «This equation becomes more clear if we
rewrite it in the form
φ(𝑥,𝑦,𝑧,𝑡)

𝑞

=

1
2

4πε0

2
2
2
1 ‒ υ2 (𝑥 ‒ υ𝑡)
2 +𝑦 +𝑧
𝑐
1 ‒ υ2
𝑐

.

(*)
In this expression the beginning of the Lorentz transformations
appears with all clarity. If the charge was at the origin of its own rest frame
then its potential would have the form
φ(𝑥,𝑦,𝑧,𝑡)

𝑞
= 4πε

0

1
.
𝑥2 + 𝑦 2 + 𝑧 2

.

1
2 2
... But what about the additional factor 1 ‒ υ /𝑐 which appeared before the

fraction in the expression (*)? ... This is the same factor that always appears
[emphasized by me – SVM] when the components of a four-vector are
2

2

converted, just as the charge density ρ is converted to ρ/ 1 ‒ υ /𝑐 ».
Thus the well-known formula (*) deduced by a method completely
independent from the method used by the author of this article can be
rewritten in the form
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φ(𝑥,𝑦,𝑧,𝑡) =

𝑞'
1
,
4πε0 (𝑥 ‒ υ𝑡)2
2
2
+𝑦 +𝑧
υ2
1‒ 2
𝑐

(22)

'
2 2
where 𝑞 = 𝑞/ 1 ‒ υ /𝑐 . Thence exactly the same dependence of the particle

charge on its velocity as found above and expressed by formula (21) «appears
before us with all clarity».
As for Feynman’s reference to the fact that this dependence is due to
the dependence of the charge density on velocity arising due to the relativistic
reduction in the volume of moving bodies, in the author’s opinion it contains
a considerable share of ploy. The fact is that, firstly, within the framework of
the standard interpretation of the special relativity theory, the reduction in
the volume of moving bodies is considered to be a purely kinematic but not a
dynamic effect, while the particle charge as well its mass are clearly dynamic
characteristics. Therefore the reason of dependence of both the mass and the
charge of a particle on its velocity should lie in the field of dynamics but not
kinematics. After all, we do not explain dependence of mass on velocity by a
corresponding change in mass density. Secondly, formulas (*) and (22) relate to
a point charge, which density in both intrinsic and moving reference frames
has the same δ-shaped form.
Therefore a reference to a change of the density of the spatial charge
distribution in this case seems incorrect.
Based on the foregoing we can conclude that a direct, unbiased interpretation
of the expression for the electric potential of a moving charge confirms the
author’s conclusion that there is a dependence of the particle charge on its
velocity.
Thus the experimentally established facts expressed by equalities (1)–(3) as well
as theoretical calculations of the electric potential of moving particles can be
consistent with the quantum theory of atoms only provided that not only the mass
of electron but also other fundamental physical constants – electron’s electric
charge and the Planck’s constant are not really strictly constant values, but
depend on the velocity of a particle – electron or atom.
This fact, if it is really true, has still not been taken into account in
physical theories. It seems that taking it into account can significantly change
the standard conclusions of electrodynamics and the quantum theory of
rapidly moving (relativistic) bodies and particles and possibly correct the
interpretation of a number of experimental results obtained in this field.
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7. Now let’s find out how results obtained here affect other parameters
characterizing dynamic and quantum properties of particles and of hydrogen
atom. First we note that it follows from equalities (2) and (21) that the ratio
of a particle mass to its charge is independent from the particle velocity:
𝑚' = 𝑚0 = 𝑐𝑜𝑛𝑠𝑡.
𝑒'
𝑒

(23)
Note that this equality appears as indirect confirmation of the idea
expressed by some authors (see, for example, [20]) that mass and charge are
characteristics of two bound states of discrete portions (quanta) of matter
which periodically, with a high frequency, pass into each other.
Also as follows from formulas (8), (13), (14) the fine structure constant
remains unchanged:
'2
2
α'~𝑒 ' = 𝑒ℏ ,
ℏ

α' = α = 𝑐𝑜𝑛𝑠𝑡.

(24)
Therefore, all discarded by us correction terms in the Dirac formula (7)
2𝑝
for the energy levels of the hydrogen atom, proportional to α , where
𝑝 = 1, 2, … , also remain unchanged. This means that these terms can’t lead to
a shift of the energy levels of the atom due to its motion. This confirms the
admissibility of neglecting these terms in the above analysis.
From the formulas for the Compton electron wavelength λ𝑒, the
classical electron radius 𝑟𝑒 and the first Bohr radius 𝑎0, having the forms,
respectively,
λ𝑒 = 𝑚ℏ 𝑐,

ℏ = λ 𝑒,
𝑎0 = α𝑚
α
0𝑐

αℏ = αλ ,
𝑟𝑒 = 𝑚
𝑒
0𝑐

(25)
and equalities (2), (13), (24) it follows that all these quantities are the same
functions of the parameter β = υ/𝑐, namely:
0

λ𝑒

λ𝑒' =

1‒β

The same dependence on
Φ0 = ℎ/2𝑒
:

2,

β

𝑟𝑒' =

𝑟𝑒
1‒β

𝑎0' =

2,

𝑎0
1 ‒ β2

.

(26)
is detected by the magnetic flux quantum
Φ0' =

Φ0
1 ‒ β2

.

(27)
'

2 ‒ 1/2

If we assume, following (26), that relation 𝑟 = 𝑟(1 ‒ β )
is valid in
⃗
𝑟
the general case regardless of the direction of the vector , then it turns out that the
force 𝐹𝑒 of the electrostatic interaction of two moving in parallel and with the
⃗

⃗

⃗

same velocity υ1 = υ2 = υ charges does not depend on υ:
𝐹𝑒' ≝

𝑒'2 = 𝑒2 = 𝐹 .
𝑒
4πε0𝑟'2 4πε0𝑟2

(28)
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'

2 ‒ 1/2

However, apparently, relation 𝑟 = 𝑟(1 ‒ β )
is valid only for
characterizing parameters of individual particles and in general case it is not
true.
8. Let’s return to equality (15). At first sight it clearly contradicts the
experiment since dependence of electron mass on its velocity (expressed by
formula (2)) was discovered in the experiments of Kaufman and others
precisely because of violation of the constancy of the ratio 𝑚𝑒/𝑒. However, it
should be borne in mind that interpretation of the results of these experiments
was based on the equations of motion of an electron in electric and magnetic
fields arising from standard classical electrodynamics based on experiments
with slowly moving (in comparison with the speed of light) moving bodies.
Therefore to reconcile equality (23) with experiment, according to the
author, it is necessary to appropriately modify equation of motion of a
charged particle in an electromagnetic field. To outline the way of such a
modification we’ll turn to the standard Lagrange function 𝐿(𝑟⃗ ,υ⃗ ) of a charged
particle placed in an electromagnetic field [21]:
φ(𝑟⃗ ,𝑡)

2
⃗ ∙ υ⃗ ),
𝐿 =‒ 𝑚0𝑐2 1 ‒ υ2 ‒ 𝑒φ + 𝑒𝑐(𝐴
𝑐

(29)

⃗ 𝑟⃗ ,𝑡) are the scalar and vector electric potentials,
and 𝐴(

where
respectively. This expression, obviously, can be represented in the following
equivalent form:

[ ]

𝑚0
⃗ ∙ υ⃗ ),
𝐿 =‒ 𝑚0𝑐2 𝑚(υ)
‒ 𝑒φ + 𝑒𝑐(𝐴

(30)
which clearly emphasizes the assumed constancy of the electric charge of the
particle 𝑒. However, if we assume that, as shown above, the particle’s charge
is also exactly the same function of its velocity as the particle’s mass, it’s quite
logical to take this into account in the expression for the Lagrange function,
representing it in the form:

[ ] [ ][

]

𝑚0
𝑒 φ ‒ 1(𝐴
⃗ ⃗
𝐿 =‒ 𝑚0𝑐2 𝑚(υ)
‒ 𝑒 𝑒(υ)
𝑐 ∙ υ) ,

or, taking into account relation (14),

2
⃗ ∙ υ⃗ ) .
𝐿 =‒ 1 ‒ υ2 𝑚0𝑐2 + 𝑒φ ‒ 𝑒𝑐(𝐴
𝑐

[

]

(31)

(32)
Based on this Lagrange function, one can obtain the corresponding
equation for the motion of a charged particle in electromagnetic field and
then compare its solution with experimental data. However, this is beyond
the scope of this work and will be considered by the author in one of the
following articles.
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Valeriy M. Strelchenya

New look at the relativistic
particle dynamics in external field
Abstract
The assumption is made that external field effects the nature of particle’s movement not only straight by force effect but
also implicitly through particle rest mass change. The concept of
the local effective rest mass of a particle in an external field is
introduced. The expressions Lagrange and Hamilton functions,
which explicitly take into account such change, are proposed and
justified. Based on these expressions the new equation of
relativistic particle motion in external scalar field, new expressions
for conservation laws and changes of the total particle energy and
its angular momentum and a number of other relations between
particle dynamic parameters are produced. It is shown that the
obtained equations and relations have a number of undoubted
advantages over the corresponding well-known equations and
equalities of traditional relativistic physics. An explanation of the
«mass defect» phenomenon is given and the physical sense of the
effect is revealed. It is shown that despite the possibility of the
existence of particles with negative local effective rest masses in
separate limited areas of the field the proposed model does not
allow particles to move at superlight speed.

1. Introduction
1.1. According to the modern physical paradigm, the equations of
particle dynamics, mechanical systems and physical fields can either be
postulated based on the observations results and experiments with
particles, systems and fields under consideration, or produced from the
first principles, which, in essence, generalizing a huge number of
observations and experimental data relating to physical systems of a very
different nature and structure. Two approaches, or formalisms, for the
theoretical derivation of dynamic equations are currently used [1–11].
In the canonical or Hamilton’s approach the Hamilton function
H (qi , pi ) of the system under consideration is taken as the basis, which
has the physical sense of the system energy expressed through its
generalized coordinates qi and momentum pi . Herewith the expression
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of the Hamilton function for each particular system is either postulated
or constructed according to general rules using the so-called Lagrange
function of given system and its generalized coordinates and momenta.
The principal independent variable in the framework of this approach is
time t, and the generalized coordinates and momenta play the role of
parameters. Using the general Hamilton equations, also called canonical
equations, taking into account the specific expressions of the given
Hamilton function, it is possible to obtain the required of the dynamics
equations of the system under consideration, the solution of which
allows us to track in the state evolution of this system in time.
1.2. In the framework of the Lagrange’s approach the introduction
of generalized momenta and the Hamilton function is not obligatory
(although admissible). This approach comes from the Lagrange function
𝐿[ 𝑞𝑖(𝑡),𝑞̇ 𝑖(𝑡), 𝑡] of the system under consideration (where 𝑞̇ 𝑖 = 𝑑𝑞𝑖(𝑡)/𝑑𝑡)
and the variational principle of least action providing general recipe for
producing the dynamics equations of physical systems of various types
[1–11]. This principle claims that for any physical system it is possible to
determine such an invariant physical quantity S called an action that
does not depend on the choice of inertial reference frame and which
takes a minimum (more precisely, extreme) value only in case of realizable
movement (of change of state) of given system, so that the variation S
of this function for small deviations from such motion should be zero.
The action S unlike a number of other physical quantities that can be
directly measured experimentally does not have the same interpretation
for different classes of systems and such obvious meaning as for example
volume, pressure, temperature or current strength. However, it turns out
that for the formal production of the dynamics equations it is quite enough
to have a general mathematical representation of this physical quantity.
From mathematical point of view, the action S corresponding
to all possible movements of the system with finite number of degrees
of freedom in the time interval from t1 to t 2 is a curvilinear integral
over variable 𝑡 ranging from t1 to t 2 , taken from the Lagrange function
𝐿[ 𝑞𝑖(𝑡),𝑞̇ 𝑖(𝑡), 𝑡]

of this system:
𝑡2

𝑆=

∫𝐿[ 𝑞 (𝑡),𝑞̇ (𝑡), 𝑡]𝑑𝑡
𝑖

𝑡1

𝑖

.
(1)
According to the principle of least action for true change in the
state of the system there is equality
(2)
S  0
174

The Papers of independent Authors

Volume 47, 2020

where the variation is performed by generalized coordinates

qi

and

𝑞̇ 𝑖.

derivatives
1.3. Hamilton's and Lagrange's approaches are closely related to
each other and each of these has its own advantages and disadvantages
what makes it necessary to use both of them [1–5,8–11]. On the one
hand the equivalence of coordinates and momenta as independent
variables in the Hamilton’s approach gives much more opportunities
for choosing physical quantities which in the course of solving specific
problems can be considered as some generalized «coordinates» and
«momenta». This approach is widely used in quantum mechanics, where
there are firmly established rules for replacing coordinates and momenta,
through which the Hamilton function is expressed, by the corresponding
linear operators.
However, in spite of its relative simplicity and visibility of
Hamilton’s approach is not widespread in classical relativistic theories of
particles and fields due to the dedicated role of time in it, which leads to
the loss of Lorentz invariance of the dynamics equations [6–9]. This
means that the equations of the same system motion obtained by using
this approach observed from different inertial frames of reference (IFR)
are described differently.
On the other hand, the Lagrange’s approach is convenient to that it
easily allows to satisfy the requirement of relativistic invariance by
choosing an action as expression that is invariant under the Lorentz
group transformations (in this case, a way of relativizing the Hamilton’s
formalism approach which in simplicity is comparable to Lagrange’s
approach is not yet found [5]).
It is significant that the final results describing the change in the
state of any physical system in a given inertial reference frame in each
case don’t depend on the approach used [1–4, 9–11].
From equalities (1), (2) it follows that the Lagrange function of a
specific physical system is determined ambiguously. It turns out that if
the equations of the dynamics of the system are already known, as a
suitable Lagrange function we can use any relativistically invariant
expression that leads to the correct equations of dynamics. If these
equations are unknown, then, taking into account physically justified and
consistent conditions, we can use various forms Lagrange functions and
find out which of them lead to dynamic equations confirmed by
experimental data. A similar method is widely used, in particular, in
quantum electrodynamics and the theory of quantized fields [8–13].
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1.4. In classical relativistic field theory the Lagrange function for a
particle, moving in given scalar potential field V (rr , t ) , is written as [3,4,14]
r r
r
2
L(r , )   m0 c 2 1  2  V (r , t ) ,
c

(3)

and for a charged particle, moving in a given electromagnetic field, is written
as [2–4,9–11]
r r
r
2
e r r
L(r , )   m0 c 2 1  2  e (r )  ( A  ) .
c
c

(4)

Here m0 and e are the rest mass and the electric charge of the
r
r
particle, c is the speed of light,  is the velocity of the particle, (rr ) and A
are the scalar potential and vector potential of the electromagnetic field.
The corresponding Hamilton functions have the expressions [2–4,14],
respectively,

where

r
p

r r
r
H (r , p)  m02 c 4  p 2 c 2  V (r , t ) ,

(5)

2
r r
r
 r e r
H (r , P)  m02 c 4   P  A  c 2  e  (r ) ,
c 


(6)

is the particle momentum in the absence of an electromagnetic

r r e r
field, P  p  A is the generalized momentum of a particle, moving in a
c

given electromagnetic field.

2. Refinement of Hamilton function expression
for a particle in external scalar field
2.1. Author believes that expressions (3)–(6) are not quite physically
correct and valid only in case of sufficiently weak external field. Indeed [1–4]
in its physical sense particle Lagrange function is the difference between the
kinetic energy T (rr , r ) and potential energy U (rr , t ) of a particle in external
scalar field:
r r
r r
r
(7)
L(r , )  T (r , )  U (r , t ) ,
and the Hamilton function has sense of the particle total energy in a given
field:
r r
r r
r
(8)
H (r , p )  T (r , p )  U (r , t ) .
Let us consider extreme case of particle motion with velocity   c .
In this case, the momentum of the particle p  m0 c . Then, taking into
account in expressions (3), (5) the not more than the second-order terms,
we get:
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r r
r
r
1
1
L(r , )   m0 c 2  m0  2  V (r , t )  m0  2  [m0 c 2  V (r , t ) ] ,
2
2
r r
r
r
p2
p2
H ( r , p )  m0 c 2 
 V (r , t ) 
 [m0 c 2  V (r , t )] .
2m0
2m0

(9)
(10)

It is necessary to emphasize that expressions (9), (10) should be
considered correct since the nonrelativistic equations of particle dynamics
(Newton's equations) arising from these are experimentally confirmed in
the area of their applicability with very high accuracy.
From comparison of these expressions with formulas (7), (8) it
follows that the role of the particle potential energy U (rr , t ) in external
r
r
field V (rr , t ) , where V (r , t )  m0 c 2 and V (rr , t )  0 under r   , is played
r

by the sum m0 c 2  V (r , t ) in which the first term m0 c 2 , called the particle
rest energy, is essentially the internal potential energy of given particle:
r
r
U ( r , t )  m0 c 2  V ( r , t ) .
(11)
Equality (11) suggests that external field affects the particle’s
movement not only by straight force action but also implicitly through
change in the particle rest mass m0 which, as follows from the general laws
of quantum mechanics [15–19], is proportional to «natural frequency» 0
associated with the particle:
m0 

h0
c2

,

(12)

where h  h / 2π , h is Planck's constant.
In other words in author opinion external field in some way
changes natural frequency of the particle and thereby its rest mass
(possible models of this influence are easy to imagine; one of them will
be considered in one of the next author papers). As a result a particle
with rest mass 𝑚0 in free state being placed in external field behaves like a
particle with rest mass
 V (rr , t ) 
m0  m0 1 
.
m0 c 2 


(13)

Straight evidence in favor of this statement is the well-known but
not yet received satisfactory physical explanation of the phenomenon of
«mass defect» [20–23]. It is particularly evident in nuclear physics and
elementary particles physics where, for example, external (with respect to
each separate nucleon) field acting on given nucleon from the side of its
neighbors is not negligible compared to the rest energy of the nucleon itself.
Let's call the quantity m0  m0 (rr , t ) as the particle local effective
rest mass in external field. As follows from its definition it can take both
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r
r
positive (at V (r , t )  m0 c 2 ) and negative (at V (r , t )  m0 c 2 ) values.

However, in author opinion, it does not mean that in the field area where
m0  0 the particle structure changes. As will be shown below here only
direction of the force acting on the particle from the field side is
reversed.
From (13) it follows that the mass defect is expressed by the
formula
m  m0  m0 

V
c2

,

(14)

what is fully consistent with the idea that «mass defect is straight
related to the binding energy [i.e. with the interaction energy – SVM]
of nucleons, differing from it only in sign and constant coefficient»
[21]: m  Eсв / c 2 .
Notice that in nonrelativistic case kinetic energy of a particle is a
second-order quantity of smallness with respect to  / c or p / m0 c .
r
Therefore in this case under sufficiently weak external field V (r , t )  m0 c 2
use of a quantity m0 instead of the particle true rest mass m0 in the
expressions for the kinetic energy of this particle (see formulas (9), (10)) is
quite justifiable.
One more consideration in favor of the need to clarify the
expression for Lagrange function and Hamilton function (3)–(6) is the
2

lack of symmetry in these with respect to the quantities 𝑚0𝑐 and 𝑉(𝑟⃗ ,𝑡)
having similar physical sense. At the same time it is well known that
symmetry principles of have already played role and continue to play one
of the most important roles in modern physics facilitating many
important achievements and discoveries.
However, the most important argument pointing to incorrectness
of some well-known equations of relativistic dynamics is a number of
their very strange and even conflicting consequences which is difficult to
explain. Some of these will be considered below. It is curious that
majority of experts in relativity theory these difficulties know. Therefore
they, usually either don’t touch upon these at all [4, 23] or avoid these,
considering only certain approximations [2, 24], or leave them without
proper analysis [6,7,25], or, in the best case, are trying to somehow explain
these [14].
Lagrange and Hamilton function versions proposed in this paper
and motion equations of relativistic particles in external fields resulting
from these, as we shall see below, have a number of advantages (in the
author’s opinion, quite obvious) over the corresponding well-known
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expressions and equations of the traditional relativistic physics
[2,6,7,14,23–25]. It is this circumstance allows to consider option
proposed by author as more precise than existing one.
2.2. Admitting validity of the above arguments we will try to
present Lagrange/Hamilton function of particle in external scalar field
r
V (r , t ) in symmetric look so that the sense of relation (11) was taken
into account and satisfied the correspondence principle. Given these
requirements we take refined Hamilton function, which, by definition, we
present in the following form:
r r
r
H (r , p)  [m0 c 2  V (r , t )]2  ( pc) 2 .

(15)

r
In the nonrelativistic extreme case when pc  m0 c 2  V (r , t ) but the

field is not very weak the formula (15) is reduced to the expression
r r
r
H (r , p )  m0 c 2  V (r ) 

p 2c 2
p2 .
2



m
c
r
0
2 [m0 c 2  V (r , t ) ]
2m0

(16)

I.e. in this case the Hamilton function takes the form which is
characteristic for free particle, the effective rest mass m0 of which
depends on the particle coordinates, and besides this dependence is
determined by an external field.
r
However, if pc  m0 c 2  V (r , t ) , and external field is weak, so that
r
the inequality V (r , t )  m0 c 2 holds, then with accuracy to terms linear in
small parameter V 

r
V (r , t )
m0 c

2

 1

and quadratic in parameter  p 

p
 1
m0 c

expression (16) is reduced to expression (10). Thus correspondence
principle is satisfied.
We also note that if particle is relativistic but field is rather weak,
then the Hamilton function (15) takes the form
2
r r
r   p  
 
H (r , p)  m02 c 4  p 2 c 2  V (r , t ) 1  
  m0 c  



1 / 2

,

(17)

which is different from (5) by the presence at V (rr , t ) of positive/less than
one coefficient depending on the momentum p . This coefficient is approximately equal to one at p  m0 c , 1 / 2 at p  m0 c and p   tends to
zero at p   . Such coefficient presence in formula (17) says that the
larger the momentum of particle, the less the field affects the given
particle.
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Other than the above let’s pay attention that the following fact
argues in favor of the expression (15). It can be shown that the quantummechanical wave equation obtained in standard way based on this
expression as well as its solutions turn out to be free of some difficulties
inherent to the Klein – Gordon, Dirac, and Schrödinger equations and
their solutions (this issue will be considered in the next author's paper
(26) in more detail).

3. Particle motion equation in external scalar field
3.1. Using Hamilton function (15) defined above and canonical
Hamilton equations [1,3–5]
H dr r ,
υ
r 
p
dt

r
H
dp


r
r
dt

,

(18)

we will find particle motion equation in external scalar field V (rr ) . For this
r
r r
first of all we find the derivative H / pr . Noting that p 2  ( p  p) we
obtain from (15):
H
r 
p

r
r
pc 2
.
r 2
2
2
[m0 c  V (r , t )]  ( pc)

(19)

From here by means of simple transformations we get the relation
r
between the momentum pr and the particle velocity  :
r
p

1

r
V (r , t )
m0 c 2

1

2
c2

r
m0  

r
m0 
1

2

.

(20)

c2

This relation differs from the currently used similar relation [1–
4,14] due to replacement particle rest mass m0 with module of its local
effective rest mass m0 . It should be noted that appearance of namely
module m0 (instead of m0 ) in this relation directly follows, firstly, from
the well-known rule for extracting quadratic root from the expression
square a 2  a : and, secondly, from equality (19), in accordance with
r
which the vectors pr and  always have the same direction regardless of
particle local effective rest mass sign.
Given this relationship, the formula for the particle total energy
E  H in the field can be easily represented in the form:
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r
m0 c 2  V ( r , t )
m0 c 2
r
2
2
[m0 c  V (r , t )]  ( pc) 

2
2
1
1
c2
c2
2

,

(21)

coinciding in it’s structure with the well-known relativistic formula [1–
4,14] and differing from the last by the same replacement m0  m0 .
3.2. Now we will get the particle motion equation. To this end , in
accordance with the requirement of the second canonical equation
(18), we differentiate the right side of formula (15) by rr :
H
r 
r

r
r
[m0 c 2  V (r , t )]
V (r , t )

r
r
r
[m0 c 2  V (r , t )]2  ( pc) 2

(22)

and take equalities (15) and (21) into account. As a result, we get:
m0
H
r 
r
m0

1

r
r
 2 V (r , t )
 2 V (r , t )



1


r
r
r
r
c2
c2

(23)

(hereinafter, the upper sign in the formulas is used when m0  0 , and the
lower one is used when m0  0 ).
Substituting this expression into the second Hamilton equation (18),
we come to the desired motion equation of relativistic particle in scalar
external field:
r
r
 2 V (r , t ) .
dp

  1 2 
r
r
dt
c

(24)
r

If, following [14,23–25], keep the usual definition of force F as
physical quantity determining the change in momentum, then equation (24)
can be rewritten in the usual form characteristic Newton’s second law:
r
dp r
F.
dt

(25)

However, now, unlike the classical nonrelativistic mechanics and
traditional relativistic dynamics there are two peculiarities. Firstly, the
particle momentum pr is expressed not only through its velocity and rest
mass, but also depends on the local value of the particle potential energy
in external field. Secondly, the acting on the particle from the field side
r
relativistic force F is not defined here directly as the negative function
gradient V (rr , t ) but as the same gradient multiplied by the relativistic
factor 1  ( / c) 2 and factor m0 / m0  1 :
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r
m
F  0
m0

1

r
r
r

 2 V (r , t )
c2



 m 1

r
r
r

 2 V (r , t ) .
c2



(26)
r

Therefore, in the dynamics model considered here, the force F
turns out to be a function of not only coordinates (and, in the case of an
unsteady field, of time), but also an explicit function of the particle
r r r
velocity modulus: F  F (r , , t ) , and its direction at a given point of the
field also depends on the sign of the particle local effective rest mass of
r
the particle m0 : when m0  0 the direction of the force F , as in classical
physics, is opposite to the gradient of the function V (rr , t ) , but when
r
m0  0 , F coincides with the direction of this gradient.
Formula (26) confirms the conclusion paragraph 2.2 that, as the
particle velocity and, accordingly, the particle momentum increases, the
influence of external field on the motion of given particle weakens, and
at   c , according to (26), this influence tends to zero. We note,
however, that such statement was made in paragraph 2.2 on the basis of
approximate expression (17), but here it was deduced in general case
(within the framework of considered model).
3.3. The motion equation (24) has very simple form. However, this
formal simplicity is achieved due to rather complicated dependence of
the particle momentum on its velocity represented by equality (20). Using
r
this relation we get differential equation for the particle velocity vector  .
For this purpose first of all, we differentiate both parts of equality
(20) with respect to time. Since
d
dt

r


1

2
c2

 2 
 1  2 
c 


r

3 / 2

r

 2
 c

r
r
2
 r d     d 
     1  2   ,
c  dt 
 dt  

(27)

r

and, according to (25), dp / dt  F as a result we come to the equation:
1/ 2
r
r
r
   2 
dV (r , t )
V (r , t )

1
 m0 1 
dt
c 2  c 2 
m0 c 2

 2 
1  
 c2 



3 / 2

 r  r dr    2  dr  r
      1     F ,
 c 2  dt   c 2  dt 

from which it follows, in particular, that the direction of the vector dpr / dt ,
generally speaking, does not coincide with the direction of the particle
r
acceleration vector d / dt . We emphasize that the derivative dV (rr , t ) / d t
here is taken along the path of the particle:
r
r
r
r
r
dV (r , t ) V (r , t ) r
V (r , t )  r V (r , t ) 

 (    )V ( r , t ) 
   
r .
dt
t
t
 r 


182

(29)

The Papers of independent Authors

Multiplying both sides of equation (28) scalarly
the equality:
r
V (r , t )
m0 1 
m0c 2

 2 
1  2 
 c 

3 / 2

Volume 47, 2020
r
by vector  we get

1 / 2
r
r
 2   2  dV (r , t ) . (30)
 r d  r r


 
  (  F ) m 2 1  2 
c  c 
dt
 dt 

If to take into account equation (28) than expression (30) takes the
form:

r
V (r , t )
m0 1 
m0c 2

 2
1  2
 c





1 / 2

r
d r 1 r  r r
 F  2   (  F ) 
dt
с 


 2
1  2
 c

1/ 2





r
dV (r , t )  . (31)

dt 


Finally, we substitute expression (29) for the full derivative
into (31) and take into account the definition of force (26). As
a result after multiplying both sides of the last equality by m0 / m0 we
come to the desired equation for the relativistic particle dynamics in
external scalar field V (rr , t ) , which is clearly expressed only through
experimentally measurable variables (r , rr , t ) :
r
dV (r , t ) / d t

 2
m0 1  2
 c






1

1
r
r
r
 V (rr , t )   V (rr , t ) 
V (r , t ) 
d


  1
r  2



dt
t 
c
m0 c 2    r


(32)

Last equation is valid not only for positive, but also for negative
values of the particle local effective rest mass
 V (rr , t ) 
m0  m0 1 

m0 c 2 


If we introduce the concept of «classical» force
r
r
V (r , t ) ,
Fcl  
r
r

(33)

which coincides with the classical nonrelativistic definition (we note that
namely this force is measured experimentally) and differ from the
corresponding relativistic definition (26) introduced above by the factor
1  ( / c) 2 and also if we introduce the concept of the relativistic particle

local effective mass
m* 

m0
1

2



r
m0 c 2  V ( r , t )
с 2  2

,

(34)

c2

then equation (32) can be rewritten in simpler form, similar to Newton's
classical second law:
r
r
r
d r  V (r , t ) .
m
 Fcl  2
dt
c
t
*

(35)
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It follows from (35) that if the external field is stationary, i.e. if
r
V (r , t ) / t  0 , then the particle acceleration vector is always directed
r
along the classical force vector Fcl (parallel or antiparallel to it). In nonstationary field, the particle acquires additional acceleration directed
parallel or antiparallel to the particle velocity vector at given time,
depending on whether the field at given point decreases or increases with
time.
In the weak field approximation, the local effective relativistic
particle mass is expressed by the formula
m* 

m0 c 2
с 2  2

.

(36)

3.4. Let's pay attention to the following. Firstly, equation (32) is
fundamentally different from the well-known relativistic motion equation
[14,25] (which is usually written for the case of a stationary field)
 2 
m0 1  2 
c 


1 / 2

r
r
V (r ) 1 r  r V
d r 1 r r r
 F  2  (  F )  
r  2     r
dt
r
с
c
 r





(37)

In the following way:
1)
by different exponent for coefficient [1  ( / c) 2 ] ,
2)
by accounting for the field influence on the internal state of
the particle (its rest mass) and
3)
the most important thing, by the absence (in case of
r r r
stationary field) of term   (  F ) / c 2 .
r
This term disappears only if the force F direction changes under
particle accelerated curvilinear motion in such a way that the 𝐹⃗ vector
remains all the time perpendicular to the particle velocity vector. If
r r
(  F )  0 , then the role of this term is insignificant under   c , but it
is, in essence, decisive under   c . This term is usually interpreted as a
manifestation of some specific friction, acting on particle from field [14].
But the physical nature of this friction remains completely unclear
(although, undoubtedly, mathematical derivation of equation (37) from
Lagrange function, postulated in SRT, is quite correct). It is doubtful to
consider this friction as purely relativistic phenomenon, since, as we have
just seen, even under of Hamilton function in the approximation of a
weak field, such term disappears. We also note that this term is
responsible for the distinction between «transverse» mass and
«longitudinal» mass of a particle [14,23–25] that occurs in traditional
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relativity theory. Such distinction violates the mass concept integrity in
general and makes it difficult to explain the mass physical nature.
Apparently, this term presence somewhat confuses not only the
author, but also other physicists since practical problems in relativity
theory are usually solved based on general relativistic dynamics equation
(2,5) but not equation (37). Then usually either methods based on
momentum-energy relations, or various kinds of approximations [2,14]
are applied.
As for the transverse/longitudinal mass concept, they usually
appear in two extreme cases:
r
– when external force F acting on particle is perpendicular to its
r r
r
velocity vector  , so that (  F )  0 ; in this case, as follows from
equation (37),
 2 
m0 1  2 
c 


where

 2
m   m 0 1 
2

 c






1 / 2

r
d r
F,
dt

or m

r
d r
F,
dt

(38)

1 / 2

is the so-called particle «transverse» mass;
r r

– when external force is parallel to velocity vector, so (  F )  F ,
r
r r r
r
 (  F )  F   2 F ; then
 2
m0 1  2
 c

 2


m
m
where L
0 1  2
c











3 / 2

r
d r
F
dt

or mL

r
d r
F,
dt

(39)

3 / 2

is the so-called «longitudinal» particle mass.

It is easy get to [2] the same expressions differentiating the SRT
formula, relating the momentum and velocity of the particle:
r
r
m0 ,
(40)
pSRT 
2

1

c2

by time and taking into account that in the first case the particle velocity
r
 changes only in direction, and in the second case it changes only in
magnitude. (In fairness it should be noted that recently transverse/longitudinal mass concept is not used in special relativity theory. Sometimes
usually say about relativistic mass, identifying it with transverse mass, but
this term is criticized as well [27].)
In author opinion second term presence in relativistic motion
r r
equation (37) (which leads at (  F )  0 to difference in directions of
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r
d  / dt

r

particle acceleration
and of the force F ), indicates fallacy of this
equation because convincing physical reasons for the appearance of such
discrepancy in case, for example, of test spherically symmetric,
structureless point particle without internal angular momentum (spin)
moving in scalar potential field are not found.
3.5. As an illustration, let’s consider the interaction of two charged
particles uniformly moving at the same velocities r 1  r 2  r in parallel
and next to each other so that rr  rr1  rr2  r ( rr1 and rr2 are the radius-vectors of these particles). Although this is simple example goes formally
beyond the particle’s motion in a scalar field but it is easy to show that it
does not fundamentally distort the picture. It is presented here to
demonstrate the essence of the differences between proposed here and
traditional particle dynamics model, arising even in the weak-field
r
approximation). Then the force F21 acting on the first particle from the
second is [2]
r
r
r
r
F21  q1 E 2  q1[1  B2 ] ,
(41)
where
r
E2 

r
r
4 0 r 2 r
q2

is strength of the electric field generated by the second particle in point
r  q r
r
r
r
r
q2
1 r
B  0 32 [ 2  r ] 





[
r
]
[
E
2
2
2]
4r
4 0 c 2 r 3
c2

(42)
r
r1 ,

(43)

is induction of the magnetic field generated by the second particle in the
same point [28] (here the last equality is written taking into account
formula (42)).
Substituting (43) into formula (41), taking into account the
equalities r 1  r 2  r and noting that in this case
r
r
r
r
r r r
[1  [ 2  E 2 ]]  [  [  E 2 ]]   2 E 2 ,
(44)
we get:
r


2  r
2  r
(45)
F21  1  2  q1E2  1  2  FС ,
c 
c 


r
r
where FС  q1q2 2 r is the Coulomb force of interaction between
4 0 r r

stationary charges.
As a result the first particle motion equation can be written in the
form:
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r
  2  d1 r ,
(46)
m01 1  2 
 FС
 c  dt
r
which fully corresponds (under the condition V (r , t )  m01c 2 ) to equations

m01

d1   2  r ,
 1   FС
d t  c 2 

1

or

(32) or (35), but not to equations (37), (38).
3.6. Let's take very simple case and compare the results of
calculating the kinematic parameters of a particle with rest mass m0 based
on equations (32) and (37). Namely we will consider particle motion in
uniform scalar stationary potential field of the form
r
V (r )  kx ,
(47)
r
assuming that at the time t  0 the radius-vector r of the particle and its
r
velocity  are equal to zero, and the particle motion region of of the is
r
limited by the condition V (r )  m0 c 2 . Then
r
V (r )
 0,
t

r
r r
V (r ) r
F  Fкл  
r  ik ,
r

the particle moves rectilinearly along the axis
reduces to

k
m 0 1 
 m c2
0


for the function x  x(t ) where


 d 2x
1
x  2  k 1  2
 dt

c



OX

dx


 dt 

0  x  xm , xm 

(48)

, and equation (32)

2

m0 c 2
k





(49)

.

Using equation (49), it is easiest to first get the dependence   (x)
where   dx / d t is the particle velocity along its path. Noting that
d 2x
dt

2



d 1 d

( 2 )
dx 2 dx

where

x  d  / dx

and introducing the notation

w( x)   2 ( x) equation (49) can be written in the form:
( x m  x) wx  2 w  2c 2 .

(50)

This is first-order linear differential equation for a function w(x)
with a boundary condition w( x  0)  0 . Its solution can be easily found
using one of the standard methods and has the form:

Therefore the
in the given case is:


x  x

w( x)  2c 2 1 
.
2
x
m  xm

particle velocity  as a function

 2k
( x)  c 
2
 m0 c


1  kx

2m0 c 2


 
 x

 

(51)
of its coordinate x

1/ 2

,

where 0  x 

m0 c 2
k

.

(52)
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This equality can be considered as a differential equation for the
function x  x(t ) :
 2k
dx
 c
2
dt
 m0 c

with the initial condition
x(t ) 

x0

for


1  kx

2m0 c 2

t  0.

2

 kt 
2m0 c
sin 2 
 ,
k
 2m0 c 

 
 x
 
 

1/ 2

(53)

It has a very simple solution:
where 0  t 

m0 c
2k

Substituting (54) in the formula (52), we get the dependence
 kt 
(t )  c sin 
 ,
 m0 c 

(54)
(t ) :

m0 c 

0t
.
2k 


(55)

According to (52) and (55) particle moving in given field from an
initial state of rest gains velocity equal to the speed of light at the end of
finite segment of path with a length x m 
path for a finite time interval

tm 

m0 c
2k

m0 c 2
k

. Particle goes this length

with average speed υav 

2
xm
 c
π
tm

It appears possible because unlimited growth of relativistic factor
(1   2 / c 2 ) 1 at   c is compensated by increase in mass defect modulus
m  kx / c 2 (in this case m  0 ), as a result of which particle effective
rest mass tends to zero m0  m0  m  m0  kx / c 2  0 at t  t m .
However in author opinion this conclusion should not be
considered as the final result but only as indication to fundamental
possibility of such effect existence in nature, since the description of
processes occurring in strong fields requires taking into account many
additional factors, including factors at the quantum level. Nevertheless it
can’t but pay attention to the fact that this result clearly correlates with
the process, for example, electron-positron annihilation when two
particles with non-zero rest mass lose their masses and turn into pair of
massless gamma quanta moving further with the speed of light as a
result of mutual approach and interaction. (Note that as far as author
knows under laboratory conditions it has not yet succeeded to create
uniform force field that satisfies condition V ( x) ~ m0 c 2 in macroscopic
volume.) Further discussion of this result is given in paragraph 5 of this
article.
In weak field range where kx  m0 c 2 , based (54), (55) we get:
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2
k 
1  kt   2
1  
  t ,
2m0  12  m0 c  


2

1  kt 
k
2kx
1  
  t ,
(t ) 
( x) 

m0  6  m0 c  
m0



(56)

x(t ) 


1  kx
 4m c 2
0



.



(57)

Let's compare our results with similar calculation obtained in the
framework of traditional relativistic dynamics (SRT). In our case
equation (37) takes the form:
2 

1   

c 2 


3 / 2

d
k

dt
m0

,

(58)

where from we easily get:
2
 k t    kt  




SRT (t )  c 
 1  
 
 m0c    m0c  

1 / 2

,

2


 2kx
 kt 
m c2
  1 , SRT ( x)  c 1  1 
xSRT (t )  0  1  
2

k 
 m0c 
 m0c


If t  m0 c / k , then

 СТО (t ) 

Under

2
k  1  kt  
1  
t

m0  2  m0 c  



t  m0 c / k in

(59)

 1  kx  2  
 
1  
2  
 2  m0c   

2


, xSRT (t )  k 1  1  kt   t 2 .



2m0 


4  m0c  


1

(60)

(61)

the opposite case we get:


2
1  m0c   ,
 
2  kt  


SRT (t )  c 1  


xSRT (t ) 

kt 2 .
2m0

(62)

As we see the difference already appears at the movement
beginning under t  m0 c / k : both coordinate and particle velocity,
calculated according to SRT, grow more slowly than it is predicted by
formulas (56) and (57):
2

xSRT (t )
1  kt 
  1,
 1  
x (t )
6  m0c 

2

1  kt 
SRT (t )
  1,
 1  
3  m0c 
 (t )

SRT ( x)
3  kx 
 1.
 1  
 ( x)
4  m0c 2 

(63)

Calculations show that the ratio of the calculated values of the
particle coordinates x(t )  xSRT (t ) is a monotonously and smoothly
x (t )

decreasing function by t , taking values of 0.927 and 0.862, respectively,
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for t1  t m / 2 and t  t m . However, the ratios of the calculated values of

the particle velocity  (t )  SRT (t ) and  ( x)  SRT ( x) turn out to be
 ( x)

 (t )

nonmonotonic functions of their arguments. So slow decrease in the
ratio (t ) from 1 at t  0 to the minimum value of  0,822 at t  0,83 t m
is then replaced by a slight increase to the value of  0,844 at t  t m .
Similarly, the same slow decrease in the ratio (x) from 1 at x  0 to the
minimum value of  0,835 then is replaced by an increase to the value of
 0,866 at x  x m .

4. Kinetic energy of the particle,
moving in an external scalar field.
Law of energy conservation/change
4.1. We will get formula expressing the law of energy
conservation/change. To do this we differentiate expression (21) for
total energy E of particle moving in scalar field V (rr , t ) with respect to
time, taking into account the easily proved equality [14]
d
dt

1 / 2 
3 / 2
r

2 
2 

 r d 
1   
  1 1   

   d t  .

 c 2 
c 2 
c 2 





(64)

As a result we get:
m
dE
 0
dt
m0

2

1  
 c2







1 / 2

r
r
dV (r , t )
V (r , t )
 m0 1 
dt
m0 c 2

2

1  
 c2







3 / 2

r
 r d 
    .
 dt 

(65)

Since second term on right side of this equality coincides with the
left side of equality (30), formula (65) can be rewritten in the form:
1 / 2
r
 2 
dV (r , t )
1 



dt
c 2 

1/ 2
r
r r
m0 
 2 
dV (r , t )
.
(66)
 (  F ) 
1
m0 
dt
c 2 
r
Substituting expression (26) for the force F and explicit expression
for the total time derivative of the function V (rr , t ) , we arrive to the

m
dE
 0
dt
m0

2

1   

c 2 


1 / 2

r
m  2
dV (r , t ) r r
 (  F )  0
dt
m0 c 2

(29)
desired equality

m
dE
 0
dt
m0
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r
r
 2 V (r , t )
 2 V (r , t )
  1
,
t
t
c2
c2

(67)
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which is the total energy conservation/change law for particle moving in an
external scalar field. If this field is stationary ( V / t  0 ), then particle
total energy remains constant.
4.2. Note that total particle energy E , its momentum
r
velocity  are related by
r
E r
p  2 ,
c

r
p

and
(68)

coinciding with similar relation in the special relativity theory. However,
unlike SRT, relation (68) in this model is valid not only for a free particle,
but also for a particle located in external field.
Differentiating equality (68) with respect to time and using
expressions (24) and (67) for the derivatives dpr / dt and dE / dt , as well as
formula (13) for m0 , we come to particle motion equation (32).
In stationary external field, when V / t  0 and, consequently,
according to equality (68) dE / dt  0 , formula (21) for the particle total
energy leads to relation
m0
1

2
c2



r
m0 c 2  V ( r )
1

2

(69)

 const

c2

Then particle velocity vector modulus dependence on its
coordinates looks like:
m 
r
(r )  c 1   0 
 M0 

2

r 2

1  V ( r ) 

m0 c 2 


,

(70)

Here M 0 is constant value having mass dimension. It is
determined by the known (given) value of the particle velocity    0 at a
certain point in space rr  rr0 with a known value V0 of the function V (rr ) .
In particular, in case of uniform stationary field of the form (47)
r
V (r )  kx formula (52) for dependence (x) under the condition
( x  0)  0 follows straight from equality (70) for M 0  m0 .
4.3. If particle is at given point in field, then its energy
point is equal to
r
r
E0 (r )  m0 c 2  m0 c 2  V (r , t ) .

r
E0 (r )

at this
(71)

as follows from expression (21).
On the other hand, we suppose that particle does not effect field
state. Therefore it is logical to determine particle kinetic energy T (rr , ; t )
as difference
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T  E  E0  E  m0 c 2

(72)

(we emphasize that this definition is fully corresponds to equality (8)).
Hence, taking into account particle total energy formula (21), we
obtain get an explicit expression for T (rr , ; t ) :
1 / 2


 2 
T  m0 c 1 
 1 ,


c 2 


2 

(73)

This expression is formally different from corresponding SRT
expression [6,14] only by replacement m0  m0 . However unlike the
latter, it indicates that particle kinetic energy at some point rr in external
scalar field is determined, generally speaking, not only by its (particle)
velocity modulus at given point but also, through m0 , by field local value.
Let's find the rate of change of the kinetic energy of particle in
question. From formulas (72), (67), (13) it follows that
r
r
d m0
m 
dT dE
 2 V (r , t ) dV (r , t ) 

 c2
 0  1

.
2
dt
dt
dt
m0 
dt 
t
c



(74)

Substituting here the explicit expression (29) for the derivative
, after simple transformations, we arrive to desired formula for
the kinetic energy change rate of the particle:
r
dV (r , t ) / d t

r

r

m  r r
dT
 2  V (r , t )  ,

 0 (  Fcl )  1  1  2 

m0 
c  t 
dt




(75)

r r

where force Fcl is determined by the expression (33), (  Fcl ) is the power
developed by this force when it acts on the particle.
Second term in formula (75) indicates that kinetic energy of particle
in scalar field changes not only when there is gradient of this field (i.e.,
r
when Fcl  0 ) but also when field magnitude changes in time. Meanwhile,
as follows from the same formula,
r
r
r r if V (r , t )  0 , and dT
r r if V (r , t )  0 . (76)
dT
 (  Fcl )
 (  Fcl )
t
t
dt
dt

in the field area, where

2
2
.This effect is little significant at   c ,
may turn out to be important and, under obvious conditions, even
determinant, at the ultrarelativistic particle velocity   c . Perhaps it will
find application in particle accelerators physics.
Note that physical sense for of this term presence in derivative
dT / d t is quite obvious. Field magnitude change over time influence on
particle’s motion is similar to this field certain gradient presence. In both
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cases field at moving particle trajectory different points on the of turns
out to be different.
4.4.

In the particular case of stationary homogeneous field

r
V (r )  kx (47), if to take into account formulas (11), (13), (21), (52)–(55), (67),

(70 ), (73) it is easy to get
 kt 
 t
  m0 cos 
m0 (t )  m0 cos 
m
c
 0 
 2t m


  0 ,
t t m


 kt 
 t
 cos 
  cos  2t
m
c
 0 
 m


  0 ,
t t m


1

 2 (t )
c

2

E

m0 (t ) с 2
1

2

 (t )

 m0 c 2  const ,

c2

 t
U (t )  m0 c 2  m0 c 2 cos 
 2t m


 t
T (t )  E  m0 c 2  m0 с 2 1  cos 
 2t m



  0 ,
t t m


 t

  2m0 с 2 sin 2 
 4t m


 kt 
dT
  kc sin
 kc sin 
dt
 m0 c 

 t

 2t m


  m0 с 2 ,
t t m



  kс .
t t m


for values x  xm  m0 c 2 / k .
The considered example clearly illustrates change mechanism of in
particle kinetic energy. External scalar field V (rr , t ) presence some space
point rr changes internal potential energy U (rr , t ) of a particle, located a
given point, in time by an amount U (rr , t )  V (rr , t ) that, in it’s turn, causes
(due to the existence of particle total energy conservation law (67))
corresponding change in particle kinetic energy. In particular, if, as in this
example, E  const , then increase in particle kinetic energy occurs due to
decrease in its internal potential energy.

5. Law of particle angular momentum
conservation/change
5.1. We define particle angular momentum three-dimensional
r
vector M in the same way as in classical and traditional relativistic
dynamics – as vector product of particle radius-vector by its momentum
vector:
r
r r
M  [r  p] .
(77)
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Within the framework of the dynamics model considered here let’s
get expression for angular momentum rate change. To do this we
differentiate both sides of equality (77) with respect to time, taking into
account relations (20) and (24),
r
r
r
r
r r
dM  dr r   r dp 
2 
 r V (r , t )   . (78)
   p   r    1  2  m0 [   ] m r 
r 
dt  dt
c 
r  

  dt 

But since

r r
[  ]  0 ,

then equality (78) takes the form:

r
r
dM
 2  r V (r , t )  r r ,
 [r  F ]
 m 1  2 r 
r
dt
c 
r 

r

(79)
r

r

where F is force acting on particle, defined by expression (26), [r  F ] is
the this force moment.
Thus, according to our model, the particle angular momentum, as
well as in traditional dynamics, changes in time only if the angular
momentum, acting on this particle, is not equal to zero; in particular, if the
particle radius vector and its potential energy gradient are not collinear.
However, unlike traditional dynamics, potential energy gradient here
is multiplied by coefficient 1  ( / c) 2 , and in the field area, where
r
V (r , t )  m0 c 2  0 , also by factor (–1), showing that angular momentum

change in this area is conditioned by vector opposite to field gradient.
Equality (79) expresses particle angular momentum change/conservation law in external scalar field. Let’s give here a few other equivalent
forms of this law (79):
r
r
r
2
m0c 2  V (r , t )  r V (rr , t ) 
dM
 pc   r V (r , t ) 
 m 1    r 

r
r  rr  
dt
r 
E
 E  
r
r
m0 c 2  V ( r , t )
 r V (r , t ) 
.

r

r

r
r 
[m0 c 2  V (r , t )]2  ( pc) 2 

5.2. As it is known [1–4] in nonrelativistic classical mechanics
r

r r

and therefore M  m0 [r  ] ,

r
 r d 
r 

dt 


r
r r
1 dM
 [r  a ] 
m0 d t

(here

(80)

r
r
p  m0 

r
r
a  d / d t

is

particle acceleration vector). Let's find similar equality in the framework
of the model under consideration. For this, it is easiest way to firstly use
angular momentum definition (77) and relation (68) to get vector product
r r
[r  ] from there it:
r r
c2 r
[r  ] 
M
E
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The next step is to get its time derivative:

r
r
 r d 
r r
d r r
c 2  dM 1 dE r 

[r  ]  r 
[
]
r
a




M  .

dt
dt 
E  d t
E dt



(82)

Substituting expression (67) for the derivative dE / d t here, we
finally get:
r
r
 dM [m0 c 2  V (rr , t )] V (rr , t ) r 
 r d 
r r
c2 



M.

r 
  [r  a ] 
2
dt 
E 
t

E

 dt


(83)

We can get the same expression if to vectorially multiply both sides
of motion equation (32) by vector rr and take into account equalities
(21), (68), (77) and (79).
Thus, in contrast to nonrelativistic mechanics, the vector product
r r
[r  a ] now depends not only on angular momentum change rate of of
r
the, but also on moment M itself magnitude/direction, particle energy,
potential energy local value and its change rate in time.
5.3. In a centrally symmetric field, where V (rr , t )  V (r , t ) , the
gradient vector of particle potential energy is always collinear to its
radius-vector. Therefore in such field particle angular momentum does
r
not depend on time: M  const . Moreover as follows from equality (82), in
stationary centrally symmetric field [rr  ar ]  0 .
Let  is angle between vectors rr and pr (or between rr and
r
r
  (c 2 / E ) p ). Then in centrally symmetric field angular momentum
vector modulus
r
E 
E
r sin   const  p0 b  0 0 b ,
M  M  rp sin  
2
c2
c

(84)

where b  r0 sin  0 is the so-called impact parameter and index «0»
indicates particle state at the initial time moment.

6. Lagrange function and the Lagrange equations
for particle in external scalar field
6.1. Following standard technique [1-4] let’s get Lagrange function
corresponding to the Hamilton function (15). To do this, we use
the well-known equality [1–4]
r r
L   H  ( p  ) ,
(85)
where the Hamilton function H and momentum pr should be expressed
r
in terms of particle coordinates rr /velocity  . We note that we already
have all the necessary relations: function H in variables rr , pr is
r r
L(r , )
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represented by formula (21) and the dependence
represented by formula (20), from which it follows that

r r r r
p  p (r , )

m0  2
r r
( p  ) 
.
2
1
c2

is
(86)

Substituting expressions (21), (86) into formula (85), after simple
transformations, we come to desired Lagrange function for particle in
external scalar field:
r r
r
2
L(r , )   1 
 m0 c 2  V ( r , t )
2
c

.

(87)

This function is different from corresponding Lagrange function in
classical relativistic theory [2–4] (see formula (3)) in that the factor 1  ( / c) 2
r

in function (87) refers to entire «energy» complex [m0 c 2  V (r , t )] , and in (3)
– only to particle rest energy m0 c 2 . It means that, as follows from (87),
influence degree of external field on particle motion depends on its
velocity, decreasing with increasing of this velocity. This conclusion is
completely consistent with particle motion equation (24), obtained above,
r
r
r
where «classical» expression for force Fкл  V (r , t ) /  r is multiplied by
the same factor 1  ( / c) 2 .
6.2. Based on Lagrange function (87) let’s get corresponding
Lagrange equations. Their general form, as it is known [1,3,4], is:
d L L
r  r .
d t  r

(88)

Differentiating expression (87) for the function
r
to  and rr , we get, respectively,:

r r
L(r , )

r
L

2
2
r   m0 c  V ( r , t ) r 1  2 


c
1 / 2 r
r
 2 
r

V (r , t )   2

 m0 c 2  V ( r , t ) 1 
 1
1

c 2 
c2
m0 c 2 
c2


(expression (20) for the particle momentum
and
m0
L
r 
r
m0

r
p






1 / 2

with respect

r r
m0   p (89)

is taken into account here)

r
 2 V (r , t )
1
r .
r
c2

(90)

Substituting expressions (89), (90) into equality (88), we get particle
motion equation
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1

r
 2 V (r , t )

r ,
r
c2

(91)

in the form which completely coincides, as should be expected, with
equation (24) obtained above.
6.3. Let’s consider free particle momentum under zero external
field. In this case according to formula (20)
r
m0 

r r
p  p0 

1

2
c2

m0



1

2

r
dr
dt

.

(92)

c2

Here d t is time period measured by clock of resting observer, during
r
which particle moved in the value dr , and product
1

2
c2

d t  d

(93)

is moving particle intrinsic time interval, corresponding to d t i.e. time
interval measured by clock moving relative to resting observer in the
same way as for this particle [2,6,7]. Since according to de Broglie ideas
and quantum mechanics concepts [15–19] to each particle with rest mass
m0 it is possible to match certain periodic process with frequency
0  m0 c 2 / h and period T0  h / m0 c 2 . In this case particle intrinsic time
interval, which is equal to it’s oscillation period T0 , can be accepted as
quantity d in formula (93). Then formula (92) for the particle
momentum pr 0 can be rewritten in the form:
r
r
r
r
dr
r
p 0  m0
 m0
 m0 r0 .
T0
d

(94)

This implyies following physical sense of particle’s momentum
vector: it is equal to product of this particle rest mass m0 by the vector of
its displacement rr0  rr / T0 in three-dimensional space, implemented by
particle over intrinsic time period, equal to one oscillation period T0
prescribed to this particle.
If particle moves in external scalar field, then, in accordance with
this work ideas particle rest mass role its is performed by quantity m0
determined by formula (13), so that particle momentum vector pr
(expression (20)) can be written in a form similar to equality (94 ):
r
 V (rr , t )  rr
r
r
r

p  m0
 m0 r0 .
 m 0 1 
2


T0
m0 c  T0


(95)
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It is seen from this formula that the particle momentum can be
changed either, firstly, by changing scalar field V (rr , t ) magnitude (by
creating this field gradient or/and making it non-stationary), or, secondly,
by changing period T0 of oscillations associated with this particle. It is
not excluded possible that the quantity T0 can be changed by placing
particle in vector field characterized by a three-dimensional vector
r
potential A .
6.4. Consider physical quantity called an action S (t1 , t 2 ) and
defined by equality (1). Let’s substitute Lagrange function
r r
L(r , ) expression (87) into this equality:
S (t1 , t 2 )  m0 c 2

t2



1

r
V (r , t )
m0 c 2

t1

1

2
c2

dt

.

(96)

Taking into account relation (93) we can proceed in formula
(96)from integration over time t of external observer to integration over
the particle’s intrinsic time  . As a result expression for action takes
form:
S  S (1 ,  2 )  m0 c

2

2

 1

1

r
V (r , t )
m0 c 2

d .

(97)

Again, choosing oscillation period T0 associated with free (outside
the field) moving particle as an elementary interval of intrinsic time d , is
possible to replaced integration over  in formula (97) with summing
over intrinsic time intervals T0i of such particle where index i of T0i
indicates magnitude of T0 indirect (through velocity  ) dependence on
spatio-temporal coordinates of given particle. As a result, formula (97)
can be rewritten in form:
i2
r
S  S (1 ,  2 )  c 2  m0 i (ri ) T0i .

(98)

i i1

On the other hand, value m0 i c 2 at each interval of particle intrinsic
time can be expressed in terms of period Ti local value for internal
oscillations of the same particle, which, however, is stationary at a given
field point:
r
(99)
m0 i (ri ) c 2  h / Ti
(let’s recall that if particle is stationary, then its intrinsic time coincides
with laboratory time, therefore Ti is also its intrinsic time period).
As a result, expression (98) takes form:
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i2
T0i
 h  Ti*  hT * ,
i i1
i i1 Ti
i2

S  S (1 ,  2 )  h 

where

h

(100)

is Planck constant, Ti*  T0i / Ti is local dimensionless eigenvalue of

oscillations period associated with particle,

i2

T *   Ti*

.

i i1

Thus expression proposed by author for Lagrange function of
particle moving in scalar field action can be given following physical sense:
this physical quantity is proportional (with coefficient h ) to particle’s
intrinsic time T * that would pass between two (initial and final)
considered events, if this particle were free (i.e. moving in free space),
provided that this time is expressed in local (depending on particle’s
trajectory points coordinates) units of intrinsic time of the same particle,
stationary at each of these points under field presence. Accordingly least
action principle is reduced to least intrinsic time T * principle.

7. Does this model allow superlight particle speeds?
7.1. Let's return to particle dynamics general equation (32),
assuming for simplicity that external field is stationary and function V is
negative: V (rr )  0 . Given these assumptions we rewrite for convenience
this equation in the form:
r
r


V ( r )  d


m0 1 
  1 
2  dt


m0 c 



r
 2  V (r )
.
r
c 2   r

(101)

We also assume that field V (rr ) is sufficiently strong and extended,
so that in the volume occupied by this field in which particle moves, there
r
exists conventional symbolic surface  within wich V (r )  m0 c 2 and area
r

r

within which V (r )  m0 c 2 (i.e. V (r )  m0 c 2  0 ).
Then, as it follows from (101), if particle during its movement
reaches certain point rr  rrm on the surface  , then its velocity  at
arrival time t  t m to point rrm will be equal to the speed of light c (note
that we, in fact, received the same conclusion in paragraph 3.6 when
considering one of the particular problems). Then, i.e. at the same
moment of time (and at the same point in space), particle local effective
rest mass m0 , defined by formula (13), vanishes.


7.2. How does the particle move further? Equation (101) indicates
that particle doesn’t reflect itself from surface  , but penetrates into area
 . Wherein, this equation allows, in principle, three options. Firstly, it is
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easy to
also its

r
notice that not only V (r )  m0 c 2 and particle velocity   c , but
r
d
acceleration vanishes:
 0 at boundary  of area  . (Such
dt 

result was obtained above for stationary homogeneous field. However,
since almost any field in sufficiently small neighborhood of surface  is
locally homogeneous, we can with great certainty assume that this
equality turns out to be true in other cases as well. Nevertheless, in
general case it still requires rigorous proof). Thus solutions of equation
(101) in area  are additionaly conditioned by equalities
r
 dr

 dt

2
r

 dr

 
 r
 dt
rm





2

 c2 ,
tm

Thereby despite the fact that factor

r
d 2r
d t 2 rr

m



r
d 2r
dt 2 t
m

r

 V (r )

 1

 m c2

 0

 0.

(102)

is not equal to zero
r

(it is negative) in area  , it can’t be ruled out that equality d / d t  0 is
fulfilled not only at point rrm , but at all points of particle’s trajectory in
this area. As a result particle velocity in this area is constant and equal to
r
the light speed:   const  c .
In author opinion, under certain conditions such this option may
take place in nature. Namely if moving particle under consideration
(denoted by number 1) has certain charge (e.g. electric) and, in immediate
vicinity rrm of point rrm there is its antiparticle 2 with opposite charge of
the same nature, then special quantum-dynamic interaction between
particles 1 and 2 arises. As a result particle 1 into acquires different
quality and turnes (if it is not forbidden by one or another physics law, in
particular, charge electric/baryon conservation law) into real/virtual
gamma-quanta, moving then at light speed. This option, associated with
original particle transformation into another particle, can be called
annihilation option. Electron-positron annihilation under these particles
collision is considered from an energy point of view in author's article
[29] and can serve as an example of such transformation.
Secondly, structure of equation (101) may simply conclude that in
r
area  , where V (r )  m0 c 2  0 , it is in general allowed, particles
superlight velocities existence. Indeed if under this area boundary
r
r
 particle crossing gradient V (r ) / r direction doesn’t change itself and if
inside area  , as well as outside it particle’s acceleration vector dr / d t
r
r r
direction still coincides with force vector Fкл  V (r ) / r direction, then,
200

The Papers of independent Authors
r
since in this area V (r )  m0 c 2 , it

Volume 47, 2020

will be possible inequality   c for

particle velocity.
However, such situation apparently looks unreal, and third option
is implemented. According to this option due to the negative particle
local effective mass in area  particle acceleration vector dr / d t
r
r r
direction in this area is opposite to vector Fкл  V (r ) / r direction.
Therefore particle speed that reaches (for an instant) light speed at the
moment of crossing (at a point rrm ) conditional surface  will be
gradually decreasing under movement inside area  . If this area region
extent is sufficiently large then particle velocity may decrease to zero,
after which particle will reverse. Field will push it in opposite direction.
In this case no significant particle structure/properties transformations
apparently can’t happen. (Note that existence of not only states but also
particles with negative and even imaginary mass has long been considered
possible, for example, see [30].)
Therefore, most likely, model considered here doesn’t allow articles
movement possibility at superlight speed (at least, in stationary field).
7.3. In confirmation of third option reality return to solution of the
r
of particle motion of a equation in a uniform field V (r )  kx . In
paragraph 3.6, applicability of this solution was limited, according to
condition imposed there, by the values of the coordinate
and time t  t m 

 m0 c
.
2k

x  xm 

m0 c 2
k

However, it is easy to prove that the solution

found there
𝑥(𝑡) =

2𝑚0𝑐2 2 𝑘𝑡
𝑚0 𝑐 2
𝑘𝑡
sin
=
𝑘
2𝑚0𝑐
𝑘 1 ‒ cos 𝑚0𝑐

(

)

[

( )]

(103)
is applicable also in area  , i.e. at
Therefore particle velocity at
𝑥
≥
𝑥
𝑚) is determined by formula
any point of its trajectory (including at
(52). This implies that this velocity vanishes inside area  at point
𝑥 ≥ 𝑥𝑚.

x  x* 

2 m0 c 2
 2 xm .
k

This comes at a time t  t* 

 m0 c
 2t m .
k

At the same

moment particle motion direction changes itself to the opposite, and
particle speed begins to increase with time according to sinusoidal law:

[

υ(𝑡) = ‒ 𝑐sin 𝑚𝑘 𝑐(𝑡 ‒ 𝑡 ∗ )
0

]

(𝑡 ≥ 𝑡 ∗ ).
(104)
In this case particle acceleration at any of its trajectory point is
expressed by formula
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(

𝑑 𝑥 = 𝑘 1 ‒ 𝑘𝑥
𝑑𝑡2 𝑚0
𝑚0 𝑐 2

).

(105)
This implies that particle acceleration vanishes at point
, it is
negative for all 𝑥 > 𝑥𝑚, and it reaches maximum in absolute value in this
𝑥 = 𝑥𝑚

𝑑2𝑥
𝑑𝑡2

|

𝑥=𝑥∗

= ‒ 𝑘

𝑚0 .
area at the point
namely,
Thus these calculations fully confirm conclusions made above about
r
particle motion nature in area where V (r )  m0 c 2  0 .

𝑥 = 𝑥 ∗= 2𝑥𝑚,

Note. Apparently potential energy mass dependence possibility
idea has been firstly put forward applied in relation to photon moving in
gravitational field, by A. Einstein in 1911 [31]. This idea has been
generalized in 1912 by G. Nordstrom in his papers on the gravity scalar
theory, where it has been assumed that of all bodies/particles mass,
including particles with nonzero rest mass, depends on gravitational
potential [32]. A. Einstein later has come to the same conclusion [33].
Other authors also have been developing the same idea (see, for example,
[34–37]). Need to extend this idea to all potential fields, including electric,
has been emphasized and upholded, in particular, by L. Brillouin [38]. It
is worth noting here book [37], whose author shown that all relativistic
dynamics may be considered as a this idea consequence.
Author of this article has come to idea of need to correct standard
relativistic Hamilton and Lagrange functions for particle in external field
in 1968. At that time he was still a university physics department student
and studied electrodynamics, seeking to critically think all the theory
provisions. At that time he has proposed formula (15). In fact this
expression which means particle rest mass dependence on particle
potential energy. Based on this expression author as entertaining exercise
got motion equation (32), particle total energy conservation/change law
(67) and particle angular momentum conservation/change law (79). At
that time papers [31–34] were unknown to the author, and other papers
mentioned above have not yet appeared. However, these student
exercises have been soon forgotten. Author has remembered them only a
few years later, when he, being already a physics associate-professor at
the university, was looking for answers to some difficult questions posed
by students. Based on considerations related, for the most part, to
relativistic quantum mechanics, the author again has come to conclusion
that it was necessary to represent particle Lagrange function not in
generally accepted form (3), but in form (87). Then he has remembered
his student «exercises». The author continued to develop this idea
(intermittently) for several years. Then, for various reasons, authorwas
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forced to stop research again. Only now, almost forty years later, in his
declining years, author decided to edit and publish his old «opuses».
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