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Abstract: In this paper, a model of a dipole with an atomic structure was considered, instead of the standard dipole model with
point unlike charges and the Hertzian dipole model, which have significant drawbacks. It is shown that in the atomic dipole the
Coulomb's law in the classical formulation does not work. Therefore, the Coulomb's law needs to be modified. A formula is
proposed for the force of the dipole that arises between unlike charges in the process of dipole oscillations and the
decompensation/compensation of their fields. The representation of the dependence of the interaction force between unlike
charges on the distance between them was shown for three zones: the oscillation zone in which the proposed dipole force formula
works, the ionization zone with electron shell detachment from the nucleus and coverage zone of the Coulomb's law between the
divided charges formed as a result of ionization of the atom. The dynamics of the process of oscillation of the atomic dipole in
four phases (quarters of the period) is investigated. It is shown that the reactive energy flows first emerge from the dipole, and
then return to it, while the active energy flows always propagate from the dipole to the far zone. The mechanism of wave
propagation of the radiation field is shown.
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consisting of two point charges +¢ and —¢ located at a distance
Iy from each other, and r > [, (where r is the distance from the
dipole to the observation point) [16]. The presence of point
charges of this standard model should allow the use of the
Coulomb’s law F ~ (g, - ¢») / I*. But the attempt to apply
Coulomb’s law to these charges leads to a «Coulomb’s
collapse» at the zero point (where charges coincide) as / — 0,
in which the dipole transforms into a «Coulomb’s black holey,
since F¥ — . And no external field (with finite force) can
detach charges and polarize the atom.

1. Introduction

There is a model of the Hertzian dipole in classical
electrodynamics, which is widely used even today [1-5]. The
Hertzian dipole is an infinitesimal structureless element of the
current — in fact a «black box». There are no real intra-dipole
vectors E, H, and S in the Hertzian model, which does not
allow us to consider the physical mechanism of formation of
reactive and active energy fluxes of the optical near field and
the radiation field, respectively. The Hertzian dipole has no
concept of the intra-charge force F and, consequently, the
equilibrium mechanism of the steady-state oscillation
amplitude /, of the dipole charges from the value of the
external inducing field E,.

Recently, more and more studies, both theoretical [6—9],
and experimental [10—13], show a fundamental difference
between physical processes occurring in optical near and far
fields. The optical near field of the Hertzian dipole was
investigated in papers [14, 15]. As a rule, a dipole is a system

2. Modification of Coulomb's Law

It is known that when an external field is applied, the atoms
are polarized and their dipole moments oscillate with the
participation of intra-charge forces. But this is not the force of
the Coulomb's law — inside the atomic dipole Coulomb's law
does not work. Obviously, a new dipole model and another
formula for the intra-dipole force between the charges of the
oscillating dipole are required. It is necessary to
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fundamentally change the approach to understanding the
processes occurring during dipole oscillations.
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Figure 1. Polarization of an atom in an external electric field (a — atom is
unpolarized, b — atom is polarized and oscillates). «+» is the positive charge
of the atomic nucleus, «—» is the equivalent negative charge of the electron
cloud. The dotted line indicates an electron cloud.

In contrast to the structureless model of the Hertzian dipole
or the standard model with point charges, it was suggested to
use for the dipole model the real charge structure of the atom
in which the positive charge of the nucleus is always inside the
electron shell and called it the «atomic dipole model». This
model functions for any atoms and molecules, since all of
them are polarized in an external field, forming oscillating
dipoles (Figure 1).

Since the electron orbitals are centrally symmetric, instead
of the electron charges spatially distributed over them, the
concept of «equivalent negative charge» (—¢) was introduced
into the proposed dipole model equal to the sum of the charges
of all electrons of the atom and its electronic orbitals located at
the center of symmetry. This is not an actual charge, but its
equivalent model, which facilitates the description of the
physical mechanisms that occur when oscillating a real dipole
with an atomic structure.

The center of the positive charge +¢ (nucleus) is always
inside the electron shell, so the charge fields +¢g and —¢ always
overlap and partially compensate for the other. Without an
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Figure 2. Atomic dipole in an external electric field for different directions of the E, vector (a and b). "+" Is the positive charge of the atomic nucleus,
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external field (E, = 0), the centers of charges +g and —¢q are
combined, the compensation of the charge fields is complete
and the atom is unpolarized (Figure 1, a).

The dipole oscillates in an external field (£, # 0) (Figure 1,
b). The interference of the fields of two charges, which are
identical in magnitude but opposite in sign, occurs in the
process of oscillation. The nucleus is orders of magnitude
more massive than electrons and therefore practically
motionless. Centers of unlike charges then move away from
each other (diverge), then converge. In doing so, they
compensate for the smaller, then the greater part of the
quasi-static fields of each other and their lines of force.

The fields themselves remain at their charges, but the
interference of fields of unlike charges reduces their external
force manifestation, changing the density of the lines of force.
A significant part of the lines of force of both charges is in a
bound state of mutual compensation and does not manifest
itself in force interaction.

This can be called the interference of quasistatic fields.
Thus, the near field is the intrinsic quasistatic fields (lines of
force) of Coulomb and Biot—Savart of two oscillating dipole
charges whose fields interfere with its oscillation. But
outwardly it looks like a pulsation of the electromagnetic field,
reactive in phase shifts and alternating energy flows.

It is important to note that the electron shell always contains
within itself not only an equivalent negative charge, but also a
positive charge of the nucleus, that is, in fact the entire dipole.
In this model, the axis of the dipole is a straight line passing
through the center of the positive charge of the nucleus and the
center of the equivalent negative charge of the electron cloud
of the atom.

When an external field is applied, the electron shell is
displaced (stretched) relative to the nucleus against the field
and the charge centers +¢q and —q diverge (Figure 2, a). The
atom is polarized due to a partial decompensation of the
overlapping fields of divergent unlike charges.

When the sign of the external field changes, the direction of
the displacement of the electron shell changes to the opposite
direction (Figure 2, b; 1, b). The lines of force of the electric
field of a dipole, according to electrostatics, begin with a
positive charge and end in a negative charge.
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the equivalent negative charge of the electron cloud. The dotted line indicates an electronic cloud.
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They are always opposite to the external field E, and
therefore partially compensate for it, which explains the
decrease in the amplitude of the wave in the dielectric by a
factor of € (where ¢ is the permittivity).

In the process of displacement of the equivalent negative
charge of the electron shell, a current arises that, according to
the Biot—Savart law, generates a closed field line of the
toroidal quasistatic magnetic field around the streamline (the
axis of the dipole /). The direction of the current is opposite to
the displacement of the electron shell, that is, it coincides with
the direction of the external field.

An important element of the proposed atomic model is that in
the process of polarization (with the change in the dipole arm /),
the magnitude of the decompensation of the fields varies (this is
not present in the standard model and the Hertzian dipole
model). The compensation of the fields is constant in the
standard model of the dipole, which is untrue. And the Hertzian
dipole is structureless, which does not allow us to consider the
phenomenon of decompensation in principle.

With increasing external field, the center of the electron
shell moves further and further from the positive nucleus,
which leads to an even greater decompensation of the
overlapping charge fields +g and —¢g. Thus, when the external
field changes, the dipole moment p = g/ changes due to the
effect of the decompensation.

Obviously, to describe the attractive forces between unlike
charges in the process of partial decompensation of their fields
under the action of an external polarizing field, instead of the
Coulomb’s law formula, another formula is needed that takes
into account the change in the magnitude of the
decompensation of the charge fields with the change in the
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dipole arm [ (Figure 3).

A functional formula in the atomic dipole model for the
dipole force that arises between unlike charges in the process
of decompensating their fields was proposed:

E(l) ~ E — ED), (1

where E is the charge field strength; E.(/) is the intensity of the

compensated part of the charge field (compensation).
Wherein /1 = E.| = F1 (I} = E.1 = F|). Also, the formula

for the dipole force can be represented in the following form:

E(l) ~ Edc(l)ﬂ (2)

where E;(]) = E — E.(]) is the intensity of the uncompensated
part of the charge field (decompensation).

Here It = E;.1 = F1 (I] = E;| = F)). There is no problem
of «Coulomb’s collapse» at the zero point in this formula, since:

[l—>0=> E;, > 0> F— 0. 3)
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Figure 3. The phenomenon of decompensation (and compensation) of the

fields of dipole charges.
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Figure 4. A qualitative representation of the dependence of the interaction force between the charges + q and -q on the distance between them (1 — the
oscillation zone in which the dipole force formula (1) works, 2 — the ionization zone with electron shell detachment from the nucleus, 3 — the zone of action of
the Coulomb's law between the divided charges formed as a result of ionization of the atom).

If the external field E, dissociates charges then, according
to the dipole force formula, they are on the contrary — attracted
to each other. So the force action of the external field £, and
the dipole force F are directly opposite and the further growth
of the amplitude /; of the oscillations of the dipole stops when
the equilibrium of these forces is reached.

Figure 4 shows the graphs of the dependence of the
interaction force between unlike charges on the distance
between them.

Oscillation of the atom always occurs at the beginning of
the first zone (the bold portion of the line) prior to its

ionization. The nucleus remains inside the electron shell and
the decompensation of fields of unlike charges in an external
field is partial. With larger external fields, nonlinearity (a thin
portion of the line) begins to appear, and with further growth,
ionization of the atom occurs (the second zone), which means
the electron shell detaches from the nucleus. In the third zone,
the electron shell and the nucleus are already detached in
space from each other. And in this zone Coulomb's law is
already working.

In this structural atomic model, there are intra-dipole
quasistatic vectors E, H and S, which makes it possible to
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consider the mechanisms of the formation of energy fluxes in
the oscillation process: as reactive S, = E x H (where E and H
are the components of electric and magnetic near-field strengths
that have phase shift A¢ = n/2) and active S, = E x H (where E
and H are the components of the electric and magnetic strengths
of the active radiation field with phase shift A¢ = 0). At the
same time, as it became known, E = E,, and, accordingly, H =
Hg. (where H, is the intensity of the uncompensated part of the
magnetic field of the moving charge).
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Figure 5. The correspondence between the values of i, Ha, as well as of E;
as functions of the dipole arm I, and the directions of reactive S, and active
Sq energy flows in 4 phases of the oscillation period.

So, the near field is a field of decompensation. It appears
and intensifies when unlike charges in the external inducing
field diverge. And it disappears when they pass through the
zero point, that is, they are combined and completely
compensate for the interference of each other's fields with
interference (the intrinsic fields are always inseparable from
their charges). When the charges disagree, the full
compensation is violated and the uncompensated near field
begins to increase. When converging, on the contrary, the
interfering fields of unlike charges are combined up to full
compensation of external fields when they coincide at the zero
point. Thus, the fields of both charges are an "interference

rotH € plane (H.k)
rotHLE
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mask" for each other, connecting a part of the lines of force
that is changing during the oscillation process.

Figure 5 shows the dynamics of the process of oscillation of
an atomic dipole. As can be seen, the oscillation consists of 4
phases (quarters of the period). According to this figure, it is
possible to trace the correspondence between the current i,
the magnetic field H, and also E, as functions of the distance /
between unlike dipole charges, and the directions of the
reactive S, and active S, energy flows in 4 phases of the
oscillation period.

3. Wave of Radiation Field

Below are two Maxwell equations (Ampere's circuital law
and Faraday's law of induction) for vacuum:

oE

tH=j+g,—, 4

ro J*e& 4)
OH

tE =—,—. 5

ro Ho Fy (5)

To find out the mechanism of electromagnetic wave
propagation, the initial point was chosen so that the values of
E and H were maximum (Figure 6). This determines the
behavior of the E vector at the next instant of time - its
modulus can only decrease.

A decrease in E, according to (4), will cause rot H. The
vortex of the magnetic field at this point lies in the (H, k) plane
(Figure 6, a). The magnetic field of the vortex is summed with
the value of H of the wavefront and subtracted from the
backwave front. Consequently, the maximum of H is
displaced forward (in the direction of k), and, therefore, at the
initial point, H decreases.

In accordance with (5), a decrease in H at the initial point
will cause in the orthogonal plane (E, k) a rot E (Figure 6, b),
the value of which will be added to the wavefront E and
subtracted from the backwave front. The maximum of E will
move forward (in the direction of k), and at the initial point E
decreases. This again will cause such a rot H, which again will
move the maximum H forward, and so on.

rotE € plane (E.k)
rotE L H

Figure 6. Vector representation of the active electromagnetic wave of the radiation field with the image of the rot H (a) and the rot E (b). The amplitudes E and

H are in phase (49 = 0).
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Thus, the entire wave by moving its crests will spread
forward (in the direction of k).

The wave is not propagating oscillations, as erroneously it
is sometimes said. Any electromagnetic field can be
decomposed into active and reactive components. In
oscillations Ag = m/2 and therefore when the amplitude of one
of the fields is maximal, the amplitude of the second is zero
and vice versa. And in the waves Ap = 0 — the amplitudes are
in phase.

Hence, the energies of the reactive fields are completely
pumped into each other in the entire region of oscillations.
This does not happen in waves in which the amplitudes E and
H are never zeroed — they simply move the ridges of each
other in the propagation direction (k).

4. Conclusions

A dipole model with an atomic structure was proposed and
it was called the «atomic dipole model», which is closer to
reality than the Hertzian dipole model or the classical model
with point charges. It is shown that when the electron shell
oscillates under the action of an external field, a partial
decompensation of the charge fields occurs, which depends on
the dipole arm | and determines the attractive force of the
charges of different charges.

It is shown that in the atomic dipole the Coulomb's law in
the classical formulation does not work. Therefore, the
Coulomb's law needs to be modified. A formula is proposed
for the force of the dipole that arises between unlike charges in
the process of dipole oscillations and the decompensation /
compensation of their fields.

The representation of the dependence of the interaction
force between unlike charges on the distance between them
was shown for three zones: the oscillation zone in which the
proposed dipole force formula works, the ionization zone with
electron shell detachment from the nucleus and coverage zone
of the Coulomb's law between the divided charges formed as a
result of ionization of the atom.

The dynamics of the process of oscillation of the atomic
dipole in four phases (quarters of the period) is investigated. It
is shown that the reactive energy flows first emerge from the
dipole, and then return to it, while the active energy flows
always propagate from the dipole to the far zone.

The mechanism of wave propagation of the radiation field
is shown.
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