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Abstract. In electrotechnical research there is a
problem of analysis of the interaction of moving charged
bodies on their trajectories. Its practical solution is pos-
sible only on the basis of an adequate mathematical
model. To this end, we have adapted the law of force
interaction of stationary charges by Charles Coulomb in
the case of motion at all possible speeds. This takes into
account the finite rate of propagation of the electrical
interaction. Differential equations of motion of a closed
system of charged moving bodies in their electric field
are obtained. On this basis, the transients in a three-
charge proton-electron system are simulated, such as the
electromechanical equilibrium of an atom of a periodic
table of elements. The simulation results are attached.

Keywords: Coulomb's law of moving charges, finite
speed of propagation of the electrical interaction, differ-
ential equations of motion, multicharged moving system,
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1. Introduction.

Much attention has long been paid to the problem of
taking into account the interaction of the forces of inter-
action of individual moving physical bodies on their
trajectories. This is especially observed in the study of
gravitational fields. One of the most famous problems on
this topic is the justification for the precession of the
perihelion of Mercury's orbit [1,2]. But, frankly, the real
cause of the phenomenon has not been established yet.
As for the study of electric fields, it is worth mentioning
the problem of constructing electromechanical models of
atomic structures of elements of the periodic table in
Euclidean space and physical time. Unfortunately, the
methods of classical electricity proved to be powerless to
solve it, and were practically pushed out of the mi-
croworld [3,4]. However, the analysis showed [5,6] that
this was done in a hurry. Which has only damaged the
unity of nature at the micro, macro and mega levels. The
methods of electricity adapted to the case of the motion
of charged bodies in an electric field in the case of the
microworld do not claim to replace the postulates of
quantum physics, but can be used to understand many
physical processes in this world and quantify them. This
study proposes differential equations of electromechani-
cal motion in a closed system of charged bodies under

the force of their resulting electric field. To provide strict
mathematical support for the real physical process, we
had to, despite the meager geometric dimensions of the
microworld (when it comes to it) unconditionally take
into account the finite rate of propagation of electrical
force interaction! From a cognitive point of view, this
study is a continuation of a number of works published
on the pages of this journal, such as the last [7,8].

The aim of the work is to develop on a strict mathe-
matical basis nonlinear differential equations of motion
of a system of multicharged bodies in an electric field
taking into account the finite rate of propagation of elec-
trical interaction. According to the results of numerical
integration to identify the interaction of individual char-
ges on their trajectories.

2. Equation of motion of charged physical bodies.
Successful mathematical modeling of transients of
moving charged bodies in an electric field in Euclidean
space and physical time is possible only on the basis of
differential equations of motion, which involve the adap-
ted law of Charles Coulomb in the case of moving char-
ges [6]. The inertial equations of moving interconnected

electrical force interaction n masses m are obvious
ﬁ =LZFI.,{; ﬁ =v,, i,k=12,..,n, (1)

dt  m; dt

where r,,v, are the radius-vector of the trajectory and

the vector of the velocity of the i -th mass m,; F;, - the
vector of the force of electrical interaction of the i -th
and k -th bodies; ¢ is the time.

The gravitational interaction in (1) is neglected as
insignificant compared to the electrical one.

The force vector is written in general form [6]
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where 7, represents the radius of the distance between

charges; v, is the mutual instantaneous speed of move-

ment; g is the fundamental electric constante; 1, v, are

the unit vectors of distance and speed of movement.
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The modulus of force vector (2) is described in
component elements:
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where Fy;, is Coulomb’s force, F}, ,Fy, are the veloc-
ity tangential and radial components of the force of elec-
trical interaction. It is clear that when v, —0 the

modulus of force interaction (2) degenerates into (3).

The marginal share in the force interaction of com-
ponents (4) and (5), based on the speed and orientation
characteristics, is obvious

F, =(0+DF,; F,=(-2)++2)F,. (6

In [6,7] it is proved that the component of force (4),
due to the tangential component of velocity, coincides
completely with the Lorentz force, which in classical
electrodynamics presents the force of the magnetic field,
or the so-called velocity (relativistic) effect in the elec-
tric field. Prolonged to mechanical interaction, it pre-
sents the corresponding gravitomagnetic force [9,10].

The functional dependence of the force y (5) on the
velocity is higher than in (4), since when the condition
v< ¢ is met, the multiplier v/ ¢ in (4) is raised to the
second power, and in (5) - to the first. It is component
(5) that closes the hitherto unknown triune essence of the
forces of electrical interaction and makes it possible to
solve the problem on a rigorous mathematical basis.

Applied part. For the sake of certainty, consider the
transition process of the interaction of three charged

bodies: the helium nucleus ¢, and its two orbital elec-

trons g, and g; placed in the same orbit, which rotate

in the same direction with an angular shift of 180°. This
model brings us closer to the real system of the second
firstborn of the periodic table of elements. But it does
not claim its adequacy to the physics of the process.
Because the physics of the helium microworld is far
from being studied like hydrogen. We will only find
ourselves in the field of convenient mathematical mo-
deling with a certain approximation to a possible real
physical process. In order to find interests, several unre-
alistic transitional processes will be considered! Our goal
is to create a tool for analysis, and the subject area of its
application can be anything. In general, our examples are
all surreal, because in reality we are dealing with estab-

lished processes. And the problem of finding space-
velocity initial conditions that exclude the transient reac-
tion has not solved yet.

The balance of forces (1) in the system of a fixed
nucleus is written as

dv 1
d2 = (Fy +Fy); —Vza
t m,
dv 1 M
N5 (R, +F,):
ar m3( 51 )

Vectors between electrons and their mutual velocity
are found by the results of integration (7)

V3 =V = V3 D3 =6 1. (®)

To simplify the analysis, we will solve the problem
in 2D space due to the logical orientation of the Car-
tesian coordinate system with the center coinciding with
the center of the virtual atom,

dv, 1 dr,
—= =—(F,, .- F. —X =y, ;
dt mz( 21x 23x) dt 2x
dvy,, 1 dr,,
dt :m_Z(FZIy _F'23y); dt :v2y;
dv ®
3x - .
dt ( 3]x 32x) x’
dv3
—== ( 3y 32y) _V3y-
dt

Projections of forces of electrical interaction will be
written down according to (2)
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ro=\rt +rg, k=21,31,23;
Vi =4/v,fx +v,fy, k=2,3,23.

Expressions (9) - (12) form a complete system of al-
gebraic-differential equations for the analysis of tran-
sients in a closed system of three moving charges. To
obtain the desired unambiguous solution, it is necessary

(12)

to set constant parameters g,q;,4,,q5,M,,M, and
space-velocity initial conditions
r2k (0)3 l/:“sk (O)a vzk (0)3 v3k (0)3 k zxsy' (13)

Under the condition F,; =F,, =0of differential

equations (9) describe the independent physical pro-
cesses of interaction of individual charges [8].

Note that expressions (9), 10) are written taking into
account the signs of individual charges, so in the practi-
cal analysis (10) should use only their modules.

The results of the simulation. The results of the
joint implementation (9) - (12) by the numerical method
are shown in Fig. 1 - Fig. 6 at constant parameters:

2=8987742-10"; m, =m, =9.1093826-10™";
¢ =255 ¢, =¢, =1.602176629-10"°,

corresponding to the nucleus and electron shell of the
helium atom. All dimensions are in SI.

Fig. 1 shows the time dependence of the hodograph
of spatial radius 7, (f), obtained under the initial con-
ditions:

V,5(0)=4.0420-10°%; v,,(0)=0; 7,,(0) = 0;
r,(0)=31-10"%;

V3(0) ==v,,(0); Vi3 (0)=0; r,5(0)=0;

"3 0)= —T (0).
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Fig. 1. Hodograph of the distance ry) (1)
of the orbital electron. Duration T=0.1510"s.

The duration of the transitional process is 0.1510"s.

In the microworld, only steady-state processes are of
practical interest. Such an electromechanical process of
helium atom is shown in Fig. 1. We obtained it in accor-
dance with the above spatial-velocity initial conditions,
which exclude the transient reaction. They are calculated
according to the expression [6, 8]

2
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vl'k (0) = 2 £ .
m;c“1,(0) - gq,9,

Since our task is to calculate the transients, then in the
future we will unbalance the original system. First of all,
in order to accelerate the course of transients, we will

(13)

double the charge of the nucleus ¢, =2¢q,,,,, where ¢,
is the charge of the nucleus of the helium atom! Under the
same initial conditions, the transient process of the system
can be traced as the time dependence of the spatial radius
1, (t) inFig. 2.

10" m

Fig. 2. The time dependence of the radius ry()
in the transition process shown in Fig. 1 (the charge
of the nucleus is doubled).

And now to strengthen the transition process in the
system, we will unbalance the initial conditions yet

V,2(0)=0.5469-10°;,,,(0) = 0;,, (0) =0;
r,2(0)=8467-107°;
Vi3 (0)=—v,,(0); V3 (0)=0;1,5(0)=0; 7, 3 O)=—, V2 (0).

The course of the corresponding process under such
initial conditions is shown in Fig.3.

Previous graphic materials were subject to one goal -
a qualitative assessment of the simulation results, be-
cause the physical processes behind them were close to
the real physical system. Now consider an unreal system
similar to the cosmic planetary system. To do this, sim-
ply place the orbit of the electron g, slightly above the

orbit of the electron ¢,, as a result of which the initial
conditions change

V,5(0)=3.1500-10% v,5(0) = 0; 7,5, (0) = 0;
r3(0)=51-107"2
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Fig. 3. Hodograph of the distance ry),(r,) corresponding to
the transient process of Fig. 1, but calculated with an imbal-

ance of initial conditions.

Fig. 4 shows a hodograph of the trajectory of the
closest electron to the nucleus at the planetary location
of orbits during the transition process - 12" 10™"”s.
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Fig. 4. Hodograph of distance ry,(r,1,) of the electron

at the planetary location of the orbits of electrons:
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Fig. 5. Hodograph of the distance ry,,(r31,)

of the electron in the transition process,
which corresponds to the process of Fig. 4.

In Fig. 5 shows a hodograph of the trajectory of the
farthest from the nucleus of the electron in the planetary
arrangement of orbits in the transition process, which
corresponds to the process of Fig. 4

It turns out that in the harmony of the universe a
special place is occupied by the distance between the
moving interacting bodies in the force field. This is a ho-
dograph of the distance 7,;(f) shown in Fig. 6 in the

transitional process, which corresponds to the process of
Fig. 4 and Fig. 5. Who would have thought of such
mathematical beauty. In the electric field, due to the
strong interaction, this beauty is somewhat blunted, and
in the gravitational field, whose force interaction is much
smaller than the electric, this beauty cannot fail to en-
chant. To do this, just look at the corresponding hodo-
graph of the planets Earth-Venus, shown in Fig. 7.

Doesn't it show a Ukrainian ripe sunflower? Even in
Fig. 6, if you look closely, you can see in it the contours
of a sea jellyfish over the Russian Black Sea flagship.
From this point of view, it is worth rethinking what the
great H. Poincare said a hundred years ago: "The objec-
tive reality, after all, is what thinking beings have in
common. This common side can only be harmony ex-
pressed by mathematical laws. this harmony is the only
objective reality, the only truth we can achieve, and if I
add that the universal harmony of the world is the source
of all beauty, it will be clear how we must appreciate
those slow and difficult steps forward that are few. little
by little they open it to us".

The curve of Fig. 7 is obtained in the same way as a
result of solving algebraic-differential equations (9) -
(11) under the conditions of electrical and mechanical
analogies [6] ¢ > m, g — G, where G is the gravita-

tional constant, and of the corresponding initial condi-
tions.

3. Conclusions.

1. The presented results of calculations of model
transients of the force interaction of a system of three
moving charged bodies clearly illustrate the possibilities
of a new approach in solving a number of fundamental
problems of electrodynamics that are impossible by
methods of classical physics.

2. The theoretically discovered third component of
the electric field force (5), which depends not only on
the velocity of the body but also on the spatial orien-
tation of its trajectory, in particular, plays an important
and indispensable role in the mathematical description of
chaotic motion of charged bodies in an electric field.

3. As for the calculation of precision quantitative
characteristics of natural phenomena on the basis of the
proposed differential equations of motion, the difficulties
are associated only with finding the initial space-velocity
conditions laid down by Nature, or the difficulty of find-
ing the appropriate initial conditions that exclude the
transiental response.

4. The new results obtained in the work are not only
of purely scientific interest, but also epistemological in
favor of the unity of the universe at all its levels - mega-,
macro- and microworld.
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4 10" m

Fig. 6. Hodograph of the distance between the moving elec-
trons at the planetary location of their orbits at a prolonged
time of the transitional process T = 5107 s.
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Fig. 7. Hodograph of the distance between the moving planets
Earth-Venus. The duration of the transition process T =
0.75 10° s, which corresponds to 2.37 terrestrial — tropical

years.
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JIAHAMIKA PYXY TPU3APSITHOI
CUCTEMMU B EJIEKTPUYHOMY I10JI1

Yaban Bacwib

B enexrpoTexiyHUX DOCIIDKCHHSX MOCTae NpodieMa aHa-
Ji3y B3a€EMOBIUIMBY PYXOMHX 3apsUDKEHHMX TLI Ha iXHI Tpaek-
Topii. [i mpakTHYHe PO3B’A3aHHA MOXIIMBE JIMIIE HA MiCTABi
aJIeKBaTHOI MaTeMaTHYHOI Mojielli. 3 Li€l0 METO HaMH Oyio
a/IaNTOBAHO 3aKOH CHIIOBOI B3aeMonii Hepyxomux 3apsais LI
Kynona Ha BUIagok pyxy y BCEMOXKIMBOMY Jialia3oHi IIBUJI-
kocreil. [Ipy 11bOMy BpaxOBaHO CKiHUEHY IIBHAKICTh IIOIIH-
peHHs enekTpuuHoi B3aemonii. OnepikaHo audepeHIianbHi
PIBHSHHA PyXy 3aMKHYTOI CUCTEMH 3apsJUKCHUX PyXOMHX Till
y IXHbOMY enekrpuuHomy momi. Ha mii ocHoBi mpo-
CHMYJIbOBAaHO IIEpPEXi/Hi MPOLECH B TPU3APSIHINA NIPOTOHHO-
€JISKTPOHHIN CHCTEeMi — Ha 3pa30K eIEeKTPOMEXaHi4HOi piB-
HOBaru aTroMa HepioAMYHOi CHCTEMM eJeMeHTiB. Pesynbpraru
CHMYJISLIT TOAAIOTHCSL.

ling of electromechanical processes in electric and gravity fields
theories, surrealistic short story writter. He is the author of 550
scientific publications and 800 surrealistic short stories including
51 books (13 monographs, 17 didactic, 10 humanistic and 11 of
the arts), 1500 aphorisms. The total number of publications is
over 1500.
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