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ABSTRACT

Classical electromagnetic theory uses axial pseudo-vectors to describe magnetic interactions. It is impossible to explain
adequately magnetic interaction at the micro level (elements of conductors and the magnetic interactions of charges) by
axial vectors. As a result, the correct form of interactions in classical electrodynamics is only an integral one. The
differential formulas for magnetic interactions violate the third Newton’s law.

In the paper, we use polar vectors (real physical vectors) to describe magnetic interactions. On this way, we show that
the real physical magnetic field, in contrast to the solenoidal field of the axial vector magnetic induction B, has two
components: a potential field with nonvanishing divergence and a solenoidal field with vanishing divergence. These two
fields act separately and independently and have different models of interactions.

Doing so, we can write differential form for the Ampere’s law obtaining correct formula for the magnetic interactions and
adequate interpretation of the Biot-Savart law.
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1.INTRODUCTION

Faraday, Ampere, Biot and other scientists started to study electromagnetic interactions nearly two hundred years ago.
In 1826, Ampere published his “Electrodynamics” [2] with a subtitle “Theory of electrodynamic phenomena deduced
exclusively from experiments”. Ampere described his own experiments, cited Faraday experiments, and suggested the
formula for conductors elements interaction following from these experiments. However, after Ampere’s death, physicists
adopted Grassmann formula, known nowadays as Ampere’s law. Almost two hundred years later, the electrodynamics
cannot explain Ampere’s and Faraday’s experiments demonstrating axial magnetic interaction of current-carrying
conductors: the Biot-Savart law controverts any probability of such interactions. The direction of the magnetic forces in
these experiments is also surprising: the conductors repel, having the same directions of currents.

Recent ten years radio-amateurs use radio communication with the so called E-H aerials, that emit and receive radio
waves in the axial direction of antenna conductors. The existence of this radio communication cannot be explained
theoretically.

How was this situation created and why? Why do we know now dozens of the so called “paradoxical experiments” not
explained by the modern electrodynamics? Why do scientific articles and books contain examples of violating the
equality of action and counteraction forces in magnetic interactions of conductors, that is, violations of the Newton'’s third
law (I.Tamm [3] p.223).

In what follows, we analyze the causes of these problems in electromagnetism and the correctness of the modern
magnetic field theory.

2. Models of electromagnetic interactions

Two hundred years ago the possibilities to study electromagnetic interactions were poor. Therefore, model thinking of
these interactions played an important role.

Ampere’s model recognized interactions by central forces only: “the laws (of electromagnetic phenomena) must be the
only basis when deducing a formula determining the elementary forces, whose direction coincides with a straight line
connecting two interacting material points” [2]. Oersted pictured the interaction model in a different way [4]. Ampere cites
him [2]: “the observations done (interaction of a conductor with current and a magnet) lead to the conclusion that this
conflict generates a vortex around the wire.” Other physicists, for example Biot, believed that the interaction is caused by
a couple of non-central parallel forces, namely, the force of action and the force of counteraction, applied to the source of
forces in compliance with the third Newton’s law. Such a couple of forces generates a torque in the line with Oersted’s
assumption.

Ampere proved his model by the experiments. In [2], he described the experiment when a metal frame with current
ABCDE moves in mercury in the direction of electric current due to forces of repulsion acting in axial direction of
conductors AB and ED (Fig.1).

Ampere cites Faraday’s experiment giving the same result [2]: “the repulsion force acts on a very thin conductor
suspended vertically with the end immersed into mercury”. This experiment is described by Faraday [5]. The experiment
was done both with a single conductor and a frame with two parallel vertical conductors with ends immersed into
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mercury. The two conductors repel from mercury surface, although the directions of current in these conductors were
opposite. Faraday described this as follows: “when | closed the circuit ... with a galvanic element, the conductors rose

one inch above the mercury surface. They dropped off again when the circuit was disconnected”.

These experiments proved the existence of axial magnetic forces between current-carrying conductors. The most
surprising was the direction of magnetic forces: the conductors repelled despite that the currents in the conductor and its
continuation in mercury had the same directions.

The correctness of experiments is undeniable. Ampere’s experiment with the frame was not left out of physicists’
attention. Maxwell recalled it in [6]. He explained the experiment basing on equal results that both Ampere’s and
Grassmann’s formulas give for closed circuits.

Fig. 1. PQ s a glass vessel divided into two chambers with mercury by the screen MN. ABCDE is an isolated
copper conductor floating in mercury. Non-isolated ends of the conductor, A and E, are in contact with mercury.
S and T are contacts with a potential difference between them.

The correctness of experiments is undeniable. Ampere’s experiment with the frame was not left out of physicists’
attention. Maxwell recalled it in [6]. He explained the experiment basing on equal results that both Ampere’s and
Grassmann'’s formulas give for closed circuits.

How shall Grassman’s formula explain the experiment with the frame basing on Maxwell’s standpoint? According to this
formula, the interaction is realized by forces orthogonal to conductors axis. The only possible option is the motion of the
BCDE framework by the “unbalanced” actions of the BCD conductor on the conductors AB and DE. The conductors are
fastened, so the frame is driven by its own magnetic field.

R.Sigalov [7] developed the idea of a conductor motion by its own magnetic field, giving dozens of experiments, many of
which he performed himself. In the experiments, conductors with current were moved by the “unbalanced forces” of their
own magnetic field. Below we consider if is it possible moving of the conductor by its own magnetic field.

In 1980, Pappas [8] gave a self-made version of the experiment with the frame (Fig. 2). The frame was made from a
lightweight aluminum tube of 2 mm in diameter, weighing 38.2 g. The length of the frame is 2 m, the width is 1.5 m. The
frame was suspended on thin wires not preventing it to move horizontally. The ends of the frame touch the mercury
surface in two small cups B and E with potential difference between them. When current flew through the circuit, the
frame moved forward at a speed of 2 cm/s while its ends touched the mercury surface.

Pappas does not agree with Maxwel: "Maxwell’s statement about the identity of both laws makes sense only when dl; is
not a part of the contour .. When dl; is a part of contour |, Maxwell’s statement is not true.

Fig. 2 Pappas experiment with frame.

The formula Ampere proposed for interaction of conductors elements in today representation is
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Fip = % %(dil,Flz)(diz,Flz)—%((dil,diz)) I, 2-1)

Here Fi»is a force an element dl; of a conductor 1 with current I; acts on an element dl; of a conductor 2 with current I,
r12is a vector connecting the centers of conductors elements dl; and dl.

This is the formula of interaction by central forces satisfying Newton’s third law: the force of action equals the force of
counteraction. Ampere’s formula explains Ampere’s and Faraday’s experiments. However, Ampere’s formula conflicts
with some experiments made by Ampere himself, namely, the action of a constant magnet field on a conductor when the
magnetic force is not central: it is orthogonal to the conductor axis.

Disputes continued until 1845 when Grassmann proposed the formula for interaction of conductors elements [9]:

— L1 - -
F12='%—132[d|2[d|1r12]j|, 2-2)
Arr
Something different form of this formula is called the Ampere’s law:
F12 = Iz[dlzB],

where B is induction of the magnetic field of the closed conductor | circuit

5= #011f [dl_17712].
!

41T r3
1
Grassmann’s formula (2 — 2) is not correct because it violates Newton’s third law: the force of action is not equal to the
force of counteraction. That is why Ampere’s law defines the action of only a closed contour on the element of the
conductor, but not vice versa. Tamm explained this: “In the framework of the studying closed constant currents, the force
of current elements interaction cannot be determined unambiguously.” [3] p.224.

The experiments by Ampere and Faraday were left out of the attention of modern magnetic field theory. It seems that
Ampere went beyond the limit of studying the interactions of closed currents. Modern electromagnetism does not go
beyond this limit two hundred years later.

3. Relativity of current-carrying conductors interactions

A moving element of a neutral conductor with current generates magnetic field H being a superposition of the fields
induced by positive and negative charges:

— 1 _ _
— + = - =
H =—(Q"[Vi7] + Q7 [Vo7D.
cr
Here V; and V, are average velocities of positive and negative charges in the conductor element; Q" and Q are,
respectively, total positive and negative charges in the conductor. As the total positive and negative charges of any
neutral conductor are equal, the above expression can be written as

_ QT
H= o3 [(V; = V)r].

The current in the conductor is determined by the difference in velocities of positive and negative charges in the
conductor only. In other words, the motion of the conductor with quasi-static speeds does not change its magnetic field.
Therefore, the magnetic interaction of two conductor elements is determined by relative motion of the conductors and is
independent of the reference frame.

The magnetic force does certain work if the motion of the conductor element is caused by another element generating
the force. If the source of the force moves when the first element is in rest, it is relative displacement too. What force
does work in this case? It is the force of counteraction ignored by Grassmann.

Let us emphasize the peculiarities of the relativity interaction of conductors elements: forces of action — counteraction are
present necessarily and third Newton’s law is valid.

We come to the conclusion: motion of a neutral conductor with current caused by its proper magnetic field is impossible
because the magnetic field of the conductor does not change in the course of this motion.

What can we say now about Sigalov’'s experiments? They show the interactions of elements of the same contour.
Sigalov was absolutely convinced that Grassmann formula was correct for these interactions, so he did not consider that
the forces in these experiments could be axial magnetic forces. By this reason, he concluded that the motion of
conductors caused by their proper magnetic field was possible.

Let us show now what interaction model corresponds to the Grassmann expression and why does this expression
controvert existence of axial magnetic interactions.
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4. Magnetic field of conductors with current

Let's get beyond the limits of the interactions of closed currents and determine why the Grassmann formula for the
interaction of conductors elements violates the equality principle of action-counteraction.

Let’s write expressions for the forces acting on the elements of two conductors according to the Grassmann formula:

dL[dhm]|; For = 7 |dl[dL 7] |

Here are the axial vectors, the so-called "pseudo-vectors”. The same is the intermediate result for calculating magnetic
forces, namely, the vector of magnetic induction B:

_ ,11012[ .Uo12

12_4

Holz

[dlzr21]

The result of using pseudo-vectors is the magnetic force always orthogonal to the axis of the conductor. Therefore, the
modern theory cannot explain Ampere’s and Faraday’s experiments.

Let’s turn to the use of polar vectors in magnetic interactions. To do this, we use a known formula
|a[be]| = b(@ o) - &(a,b).
We will get

Flz = !;07;:'22 (dl_l(dl_z,flz) - le(dl_li dl_z)), FZl = % (dl_z(dl_l,f21) - fz]_(dl_l,dl_z)). (4 - 2)

The result is nontrivial: the magnetic force has two components. However, let us recall Helmholtz’s theorem: an arbitrary
vector field is the sum of the potential and solenoidal fields.

The second summands in the above formulas, obviously, are the forces of the potential field. They are central, equal in
magnitude and opposite in the direction. These forces are the forces of action — counteraction at the same time. The third
Newton’s law is valid: the force of action is equal to the force of counteraction. These forces are similar to the forces of
electric field, namely, the Coulomb’s forces, but have the opposite direction.

The first summands, according to the Helmholtz theorem, are the forces of two solenoidal fields. These are two unequal
in magnitudes and directions forces. Obviously, they are not the forces of action-counteraction. Interactions by these
forces have to match Biot's model: each of these forces causes a counteraction force acting on the force’s source.

We can rewrite the expressions (4 - 2) as follows:
F12 = Uslz(dl_z,f'lz) + Uplz(dl_l'dl_z),
where

— Kol — Mol1 _
US 413 dll, Up = —mrlz.

We call Us a solenoidal induction of a magnetic field, U, — a potential one.

Let us define the divergence of the potential induction U,. The flow of the potential induction vector U, through the
surface of the sphere with radius r is equal to

—Holy
®p=£ pp— rds = —uoly.

To determine divergence of the potential induction, let us divide the flow @, by the volume of the sphere:
divU, = —pop,

where p is the volume density of the current in the sphere. The second summands in expressions (4 — 2) are indeed the
forces of a potential field with nonvanishing divergence.

The flow of the induction vector Us of the magnetic field through an arbitrary closed surface is obviously zero due to
antisymmetry of the integral. The divergence is zero, so the first summands are indeed components of the magnetic
forces of the solenoidal fields.
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In classical electromagnetism, it is considered that the magnetic field is a solenoidal field, its divergence is zero ([3], p.
242). We analyzed the Grassmann formula to have our own conclusions. Why are our conclusions so radically different
ones?

We analyzed the interactions of the polar force vectors of the magnetic field, that is, real physical vectors. Classical
electrodynamics takes the axial pseudo-vector of the magnetic induction B as the main characteristic of the magnetic
field. Therefore, the real properties of the magnetic field are accepted as the properties of the pseudo-vector B. The fact
that modern electrodynamics considers a magnetic field as a solenoidal field we treat as follows: the field of the magnetic
induction vector B is a solenoidal field. The real physical magnetic field has other properties than the field of the
magnetic induction vector B.

We prove our conclusions to be correct: the real magnetic field consists of two separate fields, the potential and
solenoidal ones, acting on moving charges independently. There is no single magnetic field. However, let us return to
Ampere’s law to understand why the Grassmann formula in this law does not lead to a violation of Newton’s third law.

5. Counteraction forces in Ampere’s law

Let us return to the models of magnetic interactions mentioned in Section 2. The Ampere’s interaction model by the
central forces corresponds to interactions by forces of a potential field. These interactions are characterized by the
central forces and the force of action of one object on the other one is simultaneously the force of counteraction of the
second object on the first one. Biot's model is the interaction of the pair of antiparallel forces with equal magnitudes:
active non-central force causes the appearance of anti-parallel force of counteraction.

Let us turn to the Grassmann formulas (4 — 2). Apparently, the potential forces correspond to Ampere’s model.
Solenoidal components do not respond to the Biot's model because there are no counteraction forces. If our conclusions
are correct, why the Grassmann formulas is correct in Ampere’s law? Let’s look at Ampere’s law in polar vectors:

I5 _#Olllzf (dl_l(dl_zlfu) _F1z(dl_1,dl_z))
12 an ),

< . (5-1)

There are no counteraction forces in this formula. To determine why this formula is correct, we define the formula for the
force F2; of the conductor’s element on the closed circuit. Ampere’s law does not violate Newton'’s third law. To obtain the
expression of the force F»; having the same magnitude but opposite in the direction, it is enough to change the direction
of the vectors r by the opposite one in the last formula

F .“01112§; (dl—l(dl_Z'Fﬂ) - 7:21(dl_1:dl_2))
l

’ 21 = —Fi2.

21 41 r3

1

Polar vectors allowed us to obtain the unknown in electromagnetism formula for the action of the conductor’s element
on a closed circuit. Why in this formula there are no solenoidal components of the conductor elements action on a closed
circuit? The reason may be that the total solenoidal force of the conductor’s elements on a closed contour is zero:

.U01112f dly(dly, 71,) _
dm ) 1

Fle = 0, (5-2)

It was proved in this way [3]. Taking into account that

T 1
%2 = —grad (—),
2 T12

and the magnitude of this gradient in the direction dl1 equals

1 _ 1
grcwldl-1 (E) = <dll,grad (E))

we determine the value for the integral of the solenoidal force action by the element dl, on the contour |1:
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1
_ 1 9 (@) _
dl,, grad (—) - —dlzjg 2l g1,
l

T'12 1 all

dl,(dly, 7 _
f 2( 31 12) _ —dlzjg
l !

1 12 1

The integral over a closed contour is zero because the integrand is a complete differential.

This means that the total counteraction force by the contour I; on the element of the contour dl, should be zero too. We
have identified the reason why Ampere’s law is correct in spite of using the Grassmann formula.

Other singularity of the formulas (5 — 2) is the presence of the solenoidal force by the closed contour |1 on element dl»
having the same magnitude and opposite direction. This component are counteraction force of the element dl, on the
closed contour |;. We obtain a confirmation that the action of solenoidal components really corresponds to the Biot's
model in Ampere’s law: the counteraction force acts on each element of the conductor (source of force) having the same
magnitude and opposite direction.

To make the formulas (4 — 2) correct, i. e., to confirm the Biot's model, we have to add the forces of counteraction to the
magnetic forces of the solenoidal field:

_ Ly, -, - o o
ol (dll(dlz,ﬁz) — 7.(dly, dl,) — dI, (dll,r‘m))

12 — 4 32
L1 - oz I (dl
_ ol (—r‘lz(dll,dlz) +dl(dly, 7ip) + dlz(dll,flz)).

r
473

(6-3)

_ wol1l _ - - - -
21 = g (o (dl, d) + L (dl, 7o) + dT (dE, 7))

We got the correct expressions for the magnetic interactions of conductors elements satisfying the third Newton’s law
Fi; = =Fp;.

In the above expressions, the conductors elements interact by the central forces of the potential components and by
pairs of forces action-counteraction of the solenoidal components of the magnetic forces.

Solenoidal force of the counteraction is axial; it is orthogonal to the Grassmann force. The forces of interaction of the
conductors elements Fi12 and F2; are not orthogonal to the axes of the conductors and may have an arbitrary direction.
These forces are antiparallel and have the same magnitude. Fig. 3 shows the magnetic interaction forces of two
conductors elements.

Expressions (5 — 3) indicate that three separate magnetic fields participate in the interaction: two solenoidal fields of the
each conductor elements and a common potential field.

The analysis of (4-1) leads us to the conclusion that using the Grassmann formula to describe the interaction of
conductors elements is incorrect because it ignores that the potential and the solenoidal forces have different origins.
The use of the axial magnetic induction B vector whose norm is the vector sum of potential and solenoidal components,

makes it impossibile to take into account the counteraction forces to solenoidal components of the magnetic field.

Expressions (5-3), obtained by us according to Newton’s third law, Whittaker showed in 1910 [10] noting that his formula
corresponds to the principle of equality for action-counteraction forces in the conductors elements interaction. However, it
is possible to use a shortened version of it corresponding to the Grassmann formula determining the force of the closed
contour |; on the element of the contour dl;. Nevertheless, Whitteker did not emphasize that the Grassmann formula
determines the force of the element of conductor on a closed contour incorrectly, violating the principle of equality for
action — counteraction forces.
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Fig.3. Counteraction forces in the magnetic interaction of conductors. Here Fiog and F2ic are the Grassmann
forces, —Fi»s and —F,15 are counteraction forces.

Let us write Ampere’s law formulas for various cases.

Interaction of elements of conductors — Whittaker’s formula:

_ I
P Uolilp

12 = 7 (e (dly, db) + dl(dD, 7ry) + dl(dly, 7r) )

- MO = ([dlz [dl7a] | + dlz(dll’r12)>

The formula correctly determines interaction of elements of conductors, so it may be used in all cases of interaction. One
should use it while determining interaction forces for parts of conductors of the same loop. Whittaker’s formula can be
simplified if a closed contour(s) takes part in interaction.

2. Action of closed contour |; on conductor 2 element (the Grassmann formula, Ampere’s law):

— Holllzé _T_lz(dl_l,dl_z) + dl_l(dl_z,flz) _ lu,olllzf [dl2[dl1r12]]
l l

F, =
3
4'7T 1 rlZ 477: r12

3. Action of conductor |, element on closed contour I5:

F _ ﬂo[llzf _flz(dl_l,dl_z) + dl—Z(dl_lrflz)
l

12 — 3
4 ), 5

We have to note: this formula is not the Grassmann formula, because its second component is the force of counteraction
caused by the force of action of contour element dl, on element dl;.

4. Interaction of closed contours |; and I:

= .Uolﬂzf f _7"12(6”1;6”2)
I r

12
The interaction of closed circuits is performed exclusively by the potential components of the magnetic forces. This
contradicts the conclusion of classical electrodynamics: the magnetic field is a solenoidal one.
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6. Axial magnetic interactions of elements of conductors

Let us verify (5— 3) on the basis experiments of Ampere and Faraday that proved the existence of axial magnetic forces.
Consider the interaction of the dl; element of a rectilinear conductor with current I, with element dl> which is the
continuation of this conductor in mercury (Fig. 4). Let AO be a metal part of the conductor and OB — its part in mercury.

Fip N Fs Fias :{'_;zp

M
&
x

F

— - —— TR
A di; o d, B

Fig. 4. Interaction between element dl; of the conductor with current I; and element dl, of the part of this
conductor in mercury

First, we determine forces between elements of conductors using the Grassmann formulas (4 — 2):

_ wol? , _ . — s
F12 = #(—le(dll, dlz) + dll(dIZIrlz)) .

Potential and solenoidal components of forces have the same magnitude and balance each other as their directions are
opposite. Biot-Savart law describes the total action of potential and non-potential components of magnetic forces. As a
result, the magnetic induction in axial direction of the conductor is zero. Hence, the total acting force is zero, then what
the counteraction force may arise in this case? If the segregation of two different components of the magnetic force is
mathematical abstraction only, the action force along the axial direction should be zero. However, the experiments by
Faraday, Ampere et al. deny it. Perhaps the point is that the interaction in these experiments takes place in mercury and
their results is the consequence of electrolytic reactions?

Let us consider the device by Nikolayev [11]: the rotor is a ring shaped conductor with current | rotating in the magnetic
field of two semi-circular solenoids (Fig. 5). Current is supplied to the rotor through sliding metal terminals.

The ring shaped conductor (motor’s rotor) can be rotated by the axial magnetic forces only. This example proves that
axial forces exist in case of metal contacts too.

Let’s return to the consideration of the interaction in Fig. 4. Let’s use the Whittacker’s formula

_ L1 C TN T (AT T (dl
Fip = % (_T_12 (dL,, dlz) + dll(dlz'fﬂ) + dlz(dll'flz)) '

F"f'
F, '\ 1 JL=

b

Y

=&
2z

~ & &Fl "
=4l

Fig.5. Nikolayev’s motor

Three forces of the same magnitude act on every element of the conductor along the axial direction: potential
component, solenoidal component, and the counteraction force induced by the solenoidal component of the action of the
second element on the first one. Potential and solenoidal components balance each other, but the counteraction force is
not balanced, this is the force of repulsion (the last component in the formula above).

The result contradicts the theory: the repulsion force acts on conductors elements with the same direction of currents.
The acting force is the force of counteraction to the solenoidal component of the magnetic field.

We get a similar result having determined the force of the element dl, on the element dl;: the elements of the conductors
are repulsed when the directions of the currents coincide. Changing the direction of the current does not change the
directions of the magnetic forces. We confirmed the above experiments by Faraday and Ampere. The Whittaker's
formula describes these experiments correctly. We add: when the currents in the conductors elements are opposite, they
are attracted.
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The analysis of the above experiments proves: the potential and solenoidal components of the magnetic forces are real
and act independently. Therefore, the solenoidal component balanced by the potential component induces counteraction
force along the axial direction.

To have an idea on the magnitude order of these forces, let us determine the force of tension appearing in the conductor
when current passing through it equals, say, one thousand Amperes. Let us write the expression for the magnetic force
in the transversal section of the straight conductor. We determine the force with which a direct conductor of 1 m in length
with a current acts on its continuation of the same length. We have to determine the minimum distance between the
conductor and its elongation because for zero value we have infinity. We calculate minimum distance basing on

concentration no of electrons in a copper conductor

N,D _,6.02x10"x8.96x10°
P 63.546

where k is metal valence, Na— Avogadro’s number, D — density of metal, A — atomic weight/mass.

=0.16976 x10* m 2.

n, =k

Basing on the concentration value, we determine the average distance a between electrons:

1

3n0

a= =1.806x10"" m.

Let us write expression for the magnetic force:
F B MOIZ ij=0 jxl:b dedxl
12 — 2
477: x,=—bJx1=a (xl - xZ)

where from x = a to x = b is the segment of the conductor 1, from x = 0 to x = — b is the segment of its elongation
(conductor 2). From x = 0 to x = a is the distance between the conditional end of the conductor and the beginning of its
elongation.

We take into account some elementary formulas:

dx -1 dx dx
.f(x—c)zzx—c; fc—x:_ln(c_x); fmzln(x—c)_

Expression for force Fi looks like

_ 12 (%270 rx1=b gy dx [? [*2=0 1 1
F, = Ho f f 20Xy = Ko f (_ N )dxz
sz—b X1=a (xl - xZ) 4” x2=—b b - Xz b - XZ

fol? fol?
=——((nb —In2b) — (Ina — Inb) ) = —— (—Ilna nb — In2b).
= ((Inb — In2b) — (1 Inb)) s (=Ina + 2Inb — In2b)

If current equals 1000 A and the conductor is 1 m long the force equals 2.3128 N. If a conductor is 10 m long then the
force equals 2.4044 N.

7. Biot-Savart’s law

The Biot-Savart's law in electrodynamics is interpreted as denying the possibility of the axial interaction between
conductors elements and moving charges. But it is necessary to take into account the significant shortcomings of this
law. The law defines the properties of the axial pseudo-vector of magnetic induction B, which is a function of the sum of
the potential and solenoidal components of the magnetic field. Therefore, this law takes into account the actions of only
active magnetic forces and neglects the forces of counteraction.

We emphasize the essential difference between the Coulomb and the “anti-Coulomb” forces. The module of Coulomb’s
force does not depend on the velocity of charges as the objects of interaction, the module of “anti-Coulomb” force is a
function of the velocities of these charges.

Let us try to understand the principle of E-H aerials operation mentioned in the Introduction. Consider the action of the
potential and solenoidal components of the magnetic forces. Potential component is the force of attraction. It's module
does not depend on the vector r direction. The solenoidal component is the axial repulsion force with the module
proportional to the projection of the conductor element onto vector r. Module of this force is zero in the orthogonal
direction to the axis of the conductor. It is equal to the potential component in the axial direction but acts in opposite
direction. So, along the axis, the sum of both components is zero. The original communication test [12] used two regular
serial USW radio stations “Berkut 603” withen the emitting and receiving antennas oriented along a straight line.

The receiving antenna coil is screened by the copper cylindrical screen. Antenna passes through two holes located on

the axis of the cylindrical screen. The reception of a radio signal in the axial direction of the emitting antenna confirms
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the axis of the cylindrical screen. The reception of a radio signal in the axial direction of the emitting antenna confirms
conclusions on the existence of two components of the magnetic field. The antenna emits two components of the
magnetic field in axial direction. They counterbalance each other acting in an antiphase. The cylindrical copper screen,
where the receiving antenna coil is located, can be treated as a closed conductor orthogonal to the axis of the antenna
absorbing magnetic field potential component. The receiving antenna coil receives a solenoidal component only.

The use of E-H antennas has fundamental interest demonstrating the possibility to isolate and use the solenoidal
component of the magnetic field along the axial direction of the conductor.

8. Rotating moments in magnetic interactions

Solenoidal components of magnetic action and counteraction forces do not act along the same straight line. This
indicates that the magnetic interaction of conductors elements contains rotating moments

M12 = [7_'12(1“:123 - Fzm)]i M21 = [f21(F215 - F125)]2 M12 = M21-

It looks strange that the rotating moments have the same direction. Does it reflect the reality? Sigalov [7] gives his
version to Faraday experiment on magnet rotation floating in electrolyte around the fixed conductor (Fig. 6). Moreover,
Sigalov made another experiment on rotation of a conductor around a fixed magnet. These experiments show that the
magnet rotates around the conductor and the conductor rotates around the magnet in the same direction if the current
direction is the same. Nikolayev's experiments [11] also proved that magnet and conductor rotations have the same
direction (Fig. 7). Therefore, their experiments show that the rotating moments in magnetic interactions really have the
same direction. It means that the interaction of the conductor and the magnet is not an ordinary mechanical interaction —
transfer of rotary motion from one objects to another. The solenoidal component of the magnetic field generates a vortex
rotating two interacting objects in the same direction. Solenoidal component of the magnetic field is a real third
participant of such interaction — the solenoidal magnetic field really rotates. The Oersted model for the vortex nature of
the magnetic interaction is confirmed.

Fig.6. Sigalov’s experiments Fig. 7. Nikolayev’s experiments

9. Magnetic component of Lorentz force

Magnetic component of Lorentz force is a magnetic force acting on a charge moving in the magnetic field. When
induction B of the magnetic field is generated by a closed contour, Lorentz force formula determines it correctly:

F = [VB].
However, the same formula applies to interaction of moving charges:
= Hod142 (5 5 -
Fiy = ———— |V, [ViT2 ]|
12 4773 [ 2[ 1 12]]

where 1, g2 are charges moving with velocities V1, Va2, respectively.

When magnetic field is generated by another moving charge, we must consider the counteraction force too, and the
formula similar to Whittaker’s formula will be correct in this case:

= Ho1492 , _ 5 = = = = =

Fi, = P (—7”12 (V,Vy) + Vi (Vy, 75) + Vz(V1,7”12))- 9-1
Magnetic field does not change particle energy when the magnetic force is orthogonal to the direction of its motion.
However, magnetic force may have any direction in the case of magnetic interaction of charges, and this leads to a
change in the energy of particles. When particles move in parallel in the axial direction, the magnetic force is repulsive
one. It is the same model of interaction analyzed earlier for the conductors elements. When the particles move
antiparallelly in the axial direction, the magnetic force is attractive one.

10. Conclusion
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The magnetic field in the classical electrodynamics is axial pseudo-vector of magnetic induction B. This field is virtual
and artificial. It does not exist in nature. Its properties are not the properties of a real magnetic field. One example is the
definition of magnetic field as a solenoidal one. The use of pseudo-vectors leads to the errors in expressions for the
magnetic interaction of conductors elements and the interaction of moving charges, i.e., a violation of the equality
principle for the forces of the action and counteraction.

we use real physical polar vectors to describe the magnetic field. This enables us to prove that a real magnetic field has

two components existing and acting independently: a potential and a solenoidal ones. The article presents the correct
expression for the differential form of the Ampere’s law and the correct interpretation of the Biot-Savart’s law, which does
not deny axial interactions and explains most of the “paradoxical” experiments in electrodynamics.
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