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Abstract

The work is an attempt to find the force with which an electromagnetic sys-
tem with Foucault currents acts on itself. It is taken into account that the av-
erage force with which the source of the alternating magnetic field and the
inductive Foucault current is equal to zero, the self-force arises as a result of the
interaction of unclosed Foucault conduction currents with the displacement
current created by a conductor located in a non-uniform magnetic field. The
average force acting on a symmetrical conductor located between the poles of
an electromagnet turned out to be different from zero. The greatest value of
this force is observed in the region of maximum inhomogeneity of the mag-
netic field.
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1. Introduction

In a massive conductor located in an alternating magnetic field, the so-called
Foucault currents arise [1]. They can be induced within nearby stationary con-
ductors by a time-varying magnetic field created by an alternative current elec-
tromagnet. The magnitude of the current in a given loop is proportional to the
strength of the magnetic field, the area of the loop, and the rate of change of flux,
and inversely proportional to the resistivity of the material [2]. Since these cur-
rents are inductive, they may not be closed. Something similar happens when an
alternator is connected to a capacitor, as shown in Figure 1.

Changing magnetic field B produced by current 7 will induce an electric field

E according to Maxwell’s equation:
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that means:

d
JR+¢)(r2)—go(r1)=—aIBds
S

with integration over surface Sbounded by vector 1 — 3, and the thin conductor
C with resistance R. In the quasi-stationary approximation, the potential differ-
ence ¢(r,) — ¢(n), of course, is not equal to zero [3]. The statement about the ob-
ligatory closeness of the Foucault conduction currents, based on the neglect of
displacement currents, is poorly substantiated. The closure of the total current is
provided by the displacement currents that occur between the ends of the con-
ductor [4]. The conduction current in the unclosed part of the conductor Cis de-
termined by the time derivative of the magnetic field induction. Since the conduc-

tion current is not closed, the self-force:
Fo=J(A(r)-A (1)),

created by the conductor acts on it [5] [6]. Here ALr) is the vector potential of
current Jat point r, of course, proportional to the current /. The conservation of
momentum is ensured by the force F,, formally speaking, acting on the displace-
ment current [7] [8]. Since this force is determined by the square of the current
strength, the force averaged over the period of change of the external magnetic
field is not equal to zero. Foucault currents in a massive conductor are very large,
so the self-force with which an open conductor acts on itself can be significant. A
closed conductor, which leads to a closed Foucault current, does not act on itself.
That is why the theoretical analysis of the processes occurring with the participa-
tion of Foucault currents cannot be considered successful and complete [9]. Dis-
placement currents limit conduction currents. Therefore, without considering the
Foucault displacement currents, the theoretical analysis of dynamic processes in
conductors located in a non-uniform alternating magnetic field is practically
impossible.

If the current in the circuit Z changes according to the harmonic law /= Isinwt,
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then the induction of the magnetic field created by the circuit playing the role of
an alternating current generator changes in a similar way. The conduction cur-
rent in the unclosed part of the conductor Cis determined by the time derivative
of the magnetic field induction. Therefore, the average force over the period 7'=
2n/w, acting on each current element of the conductor, is equal to zero. The same
applies to the average value of the force transmitted to the alternating electro-
magnetic field, that is, the displacement current. The conduction current flowing
in the conductor also acts on the circuit Z, creating a magnetic force proportion-
al to the product of the current in the conductor Cand the current in the circuit
L. The average value of this force over the period 7'is also zero. As a result, the
entire system consisting of an alternating magnetic field generator and an un-
closed circuit must move to start from the electromagnetic field created by this
system [10]. This, for example, occurs in a Tamm capacitor [3] [11].

The extremely large value of the current strength is the main feature of the Fou-
cault currents. This means a real possibility of developing a propulsion device that
uses an electromagnetic field to create a reactive force. Foucault currents occur
at relatively low frequencies [12]. Therefore, in a certain sense, this method of cre-
ating an electromagnetic reactive force may turn out to be more promising than
EM-drive [13], which requires very high frequencies of an alternating electric
field.

2. System and Its Properties

Without experimental results, an attempt to propose a way to generate such lift

may seem dubious. Shown in Figure 2 a copper disk C with a height A =4 mm

w

Figure 2. Experimental setup.
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with a radius R = 6 mm placed between the poles of IT-shaped core A with al-
ternative current of frequency 50 Hz plays a role of conductor with Foucault cur-
rents. The conductor is connected to a balance B by means of support S made of
nonmagnetic materials. The fact that conductor Cis symmetrical is of fundamen-
tal importance. The force acting on the conduction currents in the conductor, ave-
raged over the period of change of the magnetic field, must be equal to zero, re-
gardless of whether it is in a homogeneous or inhomogeneous magnetic field. The
use of an unbalanced conductor would make the interpretation of the experimental
results ambiguous [8] [10]. However, the properties of the magnetic field genera-
ted by an electromagnet must be described.

First of all, this refers to the determination of the values of ¢, where the mag-
netic field is uniform. If the conductor is in a uniform magnetic field, there is no
preferred direction. In this case, not only the average force, but also its instanta-
neous value must be equal to zero.

The magnetic field created by the electromagnet is approximately uniform at
04 < ¢/H < 0.6 with By = 0.052T where A = 25 mm, as shown in Figure 3.

When the magnetic field is turned on, the weight of the system changes sig-
nificantly (Figure 4). It is still claimed that the weight of the entire system is chang-
ing, not just the conductor. Small changes in the position of the conductor rela-
tive to the source of the magnetic field lead not only to significant changes in the
force acting on the system, but also to a change in its direction.

Even with the position of the conductor close to the region of uniformity of
the magnetic field, the weight loss turned out to be very large. Apparently, this is
not the limit. One way to find the maximum value of weight loss is to study the de-
pendence of v on the location of the conductor between the poles of the electro-

magnet.
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Figure 3. Magnetic field between poles of electromagnet.
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3. Self-Force and Abraham Force

There is one more question that should be answered when studying the de-
pendence of APon c this dependence must be antisymmetric with respect to c=
Hj2. In other words, the values of APat ¢ = 0 and at ¢ = H should differ only in
sign if the interaction of the Foucault currents in the conductor with the envi-
ronment, including laboratory equipment, is negligible. Otherwise, the statements

that the values of weight change AP represent the reaction force of electromagnetic

P-P(B=0), mN
c/H=0.4 <& BO =(
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Figure 4. Weight of the system at turning the magnetic field.
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Figure 5. Force acting on conductor at various positions.
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Figure 6. Influence of magnetic field inductance on weight of conductor.

radiation created by the conductor and acting on the conductor seem doubtful.
In the first approximation, the dependence of the weight change on the distance
c turned out to be antisymmetric (Figure 3). In this case, the maximum deficit
or surplus is observed when the center of the conductor is located on the bounda-
ry of the electromagnet cavity, where the magnetic field is most inhomogeneous.
This is shown in Figure 5.

If the weight loss is due to interaction with the environment, then the depend-
ence of AP on the magnetic field inductance should be linear. If this is the result
of self-action, then the change in weight must be proportional to the square of
the induction of the magnetic field created by the source. Dependence AP on B,
(Figure 6) shows that the dominant role in the system shown in Figure 1 is the

self-action described by Abraham’s force.

4. Conclusion

The Foucault current density is proportional to the frequency of magnetic field
oscillations. The above results correspond to a frequency of 50 Hz. Increasing the
frequency to 5 kHz leads to a hundredfold increase in the Foucault current den-
sity. An increase in the induction of an inhomogeneous magnetic field B, leads
to a hundredfold increase in the Abraham force. This can be achieved, among other
things, by changing the shape of the electromagnet. Therefore, after such chang-
es, the maximum weight loss can reach 1 N. This is only for one cell. The systems
are shown in Figure 2, remote from each other by a distance of the order of A,
there can be a lot. There are other ways to increase the power of Abraham. Chang-
es in the size and shape of the conductor can also affect the magnitude of this force,

but so far remain outside the scope of this work. Enough has been said to draw at-
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tention to this mode of electromagnetic propulsion.
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