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Abstract

When studying the phenomenon of the induced electromotive force, which
originates from Faraday’s unipolar inductor, the contrast between Faraday’s
view of the magnetic field dynamic lines and the theory of relativity is re-
vealed. In order to remove this contradiction, this phenomenon was studied
in depth, theoretically and experimentally, using an experimental setup simi-
lar to Faraday’s. Calculations of the induced electromotive force, based on
relativity on the one hand and on Faraday’s view on the other were made with
the help of measurements of the magnetic field components. Accurate mag-
netic field measurements are confirmed by analytical calculations. Pre-
cise-induced electromotive force measurements confirmed Faraday’s view
and contradicted the theory of relativity.

Keywords

Faraday’s Experiment, Unipolar Generator, Homopolar Generator, Faraday’s
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1. Introduction

The first homopolar generator was developed by Michael Faraday in 1831, dur-
ing his experiments. It is frequently called the Faraday disc or Faraday wheel in
his honor. It was the beginning of electrical generators which operate using a
magnetic field.

This device consists of a conducting disk rotating in a magnetic field with one
electrical contact near the axis and the other near the periphery. It has been used
for generating very high currents at low voltages in applications such as welding,
and electrolysis.

The magnetic field is provided by a permanent magnet, and the generator

works regardless of whether the magnet is fixed to the stator or rotates with the
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disc. Before the discovery of the electron and the Lorentz force law, the phe-
nomenon was inexplicable and was known as the Faraday paradox.

Faraday’s apparatus and results for unipolar induction with a copper disc, a
permanent magnet and a galvanometer circuit that makes sliding contacts with
the disc, are described in [1] (par. 2, p. 157, The problem of whether magnetic
lines of force rotate: 1831-1901), as follows (Figure 1)

AR

c ’._GALVANOMETER

COPPER [ CIRCUIT
DISC

. «—— CYLINDRICAL
PERMANENT
CONDUCTING
MAGNET

(a)

Experiment | Disc Magnet Current
1 R R Yes
2 R X Yes
3 X R (or R) NO

(b)

Figure 1. Faraday’s apparatus (a) and results (b) for unipolar induction with a copper
disc, a permanent magnet and a galvanometer circuit that makes sliding contacts with the
disc at A and C (see Faraday’, vol. I, 32 and 63). In table (b), X = No Rotation, R = Rota-
tion, R™! = Rotation Inverse to R.

“In experiment 1, the disc and magnet were cemented together: in experi-
ments 2 and 3, they were separate.” Faraday concluded: ‘Hence, rotating the
magnet causes no difference in the results, for a rotatory and a stationary
magnet produce the same effect upon the moving copper’ [there is] a sin-

gular independence of the magnetism and the bar in which it resides. Thus,

'Michael Faraday, Experimental researches in electricity, (3 vols., New York, 1965) vol. 1, 24ff. A
useful biography of Faraday is L, Pearce Williams, Michael Faraday: a biography (New York, 1971).
*Faraday describes experiment 3 in Faradays diary (6 vols., London, 1932), vol. 1, p. 402, w 257 (26
December 1831).

3Faraday (footnote 2), vol. 1, 63, Section 218.

*Ibid., 64, Section 220; italics in original.
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in his opinion, the lines of force did not rotate with the magnet. This con-
clusion violated Ampere’s theory of magnetism, in which the atomic cur-
rent whirls were primitive, and so the lines of force should have rotated
with the magnet. For Faraday, on the other hand, the lines of force were
primitive. It is important to note Faraday’s emphasis that experiments 2
and 3 were not inverses of one another.” Faraday recognized that there was
involved in all three experiments a three-part system-magnet, disc and gal-
vanometer circuit. Therefore, the experiment inverse to 2 was a rotation of
the magnet and galvanometer circuit, and then a current would have been

induced.”

Just some of the published works that refer to this topic, and show the course
of this research in its historical path until today, are in bibliographic references
(2]-[16].

2. Description of the Experimental Setup

The experimental set-up includes an alternating current motor coaxially con-
nected to a ring magnet and a brass conducting disc having the form of Figure 2.
The metal brass shaft is fixed at one end to the motor shaft and at the other end
to a bearing mounted on a plastic base. On this brass shaft are mounted the ring
magnet and the conducting disk. Two cylindrical brushes are fixed on two plas-
tic bases, and are pushed by springs so that they are in constant contact with the
surface of the conducting disk during its rotation. One of these two brushes
contacts the surface of the outer peripheral portion of the conducting disc while
the other contacts the inner peripheral portion of the conducting disc which is
close to the axis of rotation. Between the peripheral parts of the conducting disk
with which the two brushes are in continuous contact are inserted four radial

parts, which are illustrated in Figure 2.

Figure 2. Conducting disk design.

The magnet used in the experimental setup is a ferrite ring magnet, the char-

acteristics of which are:

>Faraday (footnote 8), vol. 1, 402, Section 256.
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e 190 mm outer diameter x 85 mm inner diameter x 23 mm thick.

o Each magnet’s north and south poles are on opposite circular faces.
The engine features are:

e Power =0.25PS =0.18 kw

Voltage (AC) =220V

o Cosine (cosg) =0.70

Between the conductor and the magnet is inserted a circular coaxial plastic
sheet 3.5 mm thick and 10.5 cm in diameter, in contact with one of the two flat
surfaces of the magnet (Figure 3). Another piece of plastic, which is circular in
shape also, is in contact with the other flat surface and the cylindrical inner sur-
face of the magnet, and has two bearings built into it. The magnet rests on the
brass shaft through these two bearings. The thickness of the conducting disc is
3.5 mm and its diameter is 18.4 cm. The closest to the axis of rotation point of
the circular contact surface of the brush, which is in contact with the surface of
the outer peripheral part of the conducting disk, is 8.35 cm away from the axis of
rotation. The corresponding distance of the most distant contact point of the
brush, located near the axis of rotation, to the axis of rotation is 4 cm. The ex-
perimental setup gives the possibility of rotating the conductor with the magnet
immobilized, the possibility of rotating the magnet with the conductor immobi-
lized, and also the possibility of rotating the magnet and conductor simultane-

ously with the same frequency of rotation.

Figure 3. Experimental setup.

3. Analytical Calculation of the Magnetic Field

In the experimental setup of the present study, shown in Figure 3, the magnetic
polarization of the permanent magnet ring is axial, so we will follow the corre-
sponding analytical procedure for calculating the magnetic field, as stated in [17]
(2. BASIC EXPRESSIONS, p. 72). Also the placement of the permanent magnet
ring on the motor shaft has been done so that the flat surface of the south mag-

netic pole is the nearest to the conducting disk. Therefore, assuming that the
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surface of the north magnetic pole is in the plane z=0, as shown in Figure 4,
and that the z-axis coincides with the axis of rotation with a direction from the
magnet to the conducting disk, the direction of the magnetic field at each point
of observation is opposite to that predicted in the analytical relations stated in

[17] [18], where the surface of the south magnetic pole is in the z=0 plane.

Cout

Figure 4. The geometric characteristics of the ring magnet. The axis of symmetry is Z, ri
is the inner radius and rox is the outer radius. The magnetic polarization is axial.

Therefore, for the analytical calculations of the magnetic field of the present
study, it is sufficient to replace ¢~ with —o~ in all the aforementioned analyt-

ical relations, as follows.

— . —o'* O=21 1=ty P+M
i (n2) =g Joo I ;r rdrdo

B.M

1+

- _ (7* O=27 rH=1,y, P],M
i (r,z)_41% loo 1, mr rdrd@
1—

in

H(r,z):H+ (r,z)+H7 (r,z)

where

P.M =(r—r,cos@)i, —rsin i, +(z—h)i,
B_M =(r—rcos@)i, —rsin O, + zil,

and 4, i,, 4, arethe unitvectors of the cylindrical coordinate system.
Substituting @ with n—2/, integrating twice, and respecting angle variable
symmetry, we obtained the 3D components of the magnetic field at the point
M (r,O,z). In this case, all integrals are transformed in the integration interval
0<B<m/2 so that all results are expressed in terms of complete elliptic inte-

grals.

H (r,z):H:(r,Z)—i-H;(r,z) (1)

r
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ﬁg(r,z)=]rlg(r,z)+ljlg(r,z)=0 2)
I:IZ(r,Z):I:I; (r,z)+1:[; (r,z) (3)

where

—O'* 2 n-1 k+
H -1 4
: (r,z) 4mp, (z h);( ) ’,

{[\/r2 +(z-hY —r}[\/rz +(z-h)’ —rn}l_l(hr,k;)
+[ P +(z-h)’ +r}[ P+ (z-h)’ +rn}1'[(h2*,k;)}

* 2 —
O ~1 n-1 kn
Ampyz o ,

n

[ 7-Jiv
+[m+r][m+rn]n(hg,k;)}

ﬁ;(r,z)=

= 4rr, = 4rr,
! (r+rn)2+(z—h)2’ ! (r+rn)2+z2
hf': 2r ’ h2+= 2r
r+\/r2-i-(z—h)2 r—\/rz-i-(z—h)z
2r 2r
- _ h =
g r+\/r2+z2 ’ V—\/F2+Zz
I’i=l’;.n, r2=r0ut

4. Calculation of the Induced Electromotive Force Based on
Relativity on the One Hand and Based on Faraday’s View
on the Other

In Feynman’s lecture on “The Laws of Induction”, in [19], in paragraph 17-2,

Exceptions to the “flux rule”, the following are stated.

“Now we will describe a situation in which the flux through a circuit does
not change, but there is nevertheless an emf. Figure 17-2 shows a conduct-
ing disc which can be rotated on a fixed axis in the presence of a magnetic
field. One contact is made to the shaft and another rubs on the outer pe-
riphery of the disc. A circuit is completed through a galvanometer. As the

disc rotates, the “circuit”, in the sense of the place in space where the cur-
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rents are, is always the same. But the part of the “circuit” in the disc is in
material which is moving. Although the flux through the “circuit” is con-
stant, there is still an emf, as can be observed by the deflection of the galva-
nometer. Clearly, here is a case where the vxB force in the moving disc

gives rise to an emf which cannot be equated to a change of flux.”

It is obvious that the calculation of the electromotive force, in the experi-
mental setup we study in the present work, along a path of length L of a radial
part of the conducting disk shown in Figure 2 gives a result equal to W/ g, where
W is the work done by the Lorentz force to move a charged particle with charge
q along the path of length Z. Therefore, the electromotive force is given by the
equation

v=L1[ F-di=[ (E+vxB)di @
q

where F = q(E +Vx B) is the Lorentz electromagnetic force acting on the
charge gand E, B are the electric and magnetic field respectively.

Therefore, the calculation of the electromotive force requires the calculation
of the Lorentz force F and the calculation of the Lorentz force requires the
calculation of the fields £ and B. Also the calculation of the electromotive
force in the rotating reference system is done in [20], (3.1. Electromagnetic force
and EMF in the case of Faraday’s unipolar inductor, p. 124) and in [21] [22],
based on the general theory of relativity, where it is proved that for low speeds,
such as those of the present experimental study, the calculation of the Lorentz
force and the electromotive force in any differential line segment of the electric
circuit does not require the assistance of the general theory of relativity, since the
use of the special theory of relativity is sufficient, given that all terms that are due
to the lack of inertia of rotating frame of reference are practically zero.

Let us consider two reference frames, one of which is the inertial frame of the
laboratory denoted by S, and the other is the rotating reference frame denoted by
S’ Given all the above, the transformations of the electromagnetic field are made
based on the well-known equations of the special theory of relativity for low ve-
locities, ie. for velocities for which the Lorentz factor y= (1 —u?/c? )_1/2 is
practically equal to 1,

E =E, E| =E, +iixB (5)
B/ =B, B, =B, —-—uxE (6)

where E' and B’ are the electric and magnetic field with respect to the ro-
tating frame of reference, while the £ and B are the electric and magnetic
field with respect to the inertial system of reference of the laboratory. Also, in
the symbolism of components of electromagnetic field that are parallel to the di-
rection of the vector velocity # the subscript || has been added, while in the
symbolism of components of electromagnetic field that are perpendicular to the

direction of the vector velocity # the subscript 1L has been added. The in-

DOI: 10.4236/jamp.2024.128176

2934 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2024.128176

K. Patrinos

verse transformations are given by the following equations.

E =E| —iixB )
D' D ' 1 =
B,=B, B, =B, +—ixE (8)

If we consider, as in Section 3, the unit vectors ,, #,, #_ of the cylindri-
cal coordinate system, defining the axis Z perpendicular to the surface of the
conducting disk in the direction towards the stationary part of the electric circuit
in the laboratory, from where the conducting disk appears to rotate clockwise,
the angular velocity vector is given by the relation @ =-wii_, and the vector ve-
locity u is given by the equation

i=0xX7 =-wri, 9)
Therefore, according to the analytical relations of magnetic field in Section 3, the
magnetic field has components only in the r and z directions of the cylindrical
coordinate system, so the magnetic field is everywhere perpendicular to the di-
rection of the vector velocity u .

According to Faraday’s view, the magnetic field does not follow the rotational
motion of the magnet. In other words, Faraday’s view is that, while the magnetic
field originates from the magnet, it nevertheless does not rotate when the mag-
net rotates, because the reference frame of the magnetic field lines is at all times
the inertial frame of reference of the axis of rotation of the magnet, ie. the iner-
tial reference system of the laboratory.

So let us now consider three different cases based on relativity and then ac-

cording to this previously formulated view of Faraday.

4.1. First Case: The Magnet Is Stationary in the Laboratory and
the Conducting Disk Is Rotating

When the magnet is stationary in the inertial reference frame S of the laboratory,
the electric field, denoted by E in this reference frame, is zero. The magnetic
field is denoted by B in the inertial frame of reference S On a conduction
electron, located on a differential surface of the conducting disc, is exerted a Lo-

rentz electromagnetic force

F=eixB
where e=-1.602176634x10" Coulomb is the charge of the electron and V
is the velocity of the differential surface of conducting disc with respect to refer-
ence frame S, which comes from the rotational motion, so V=1.

In the reference system S, according to the relations (5) and (6) the following

equalities are obtained

Ej=0
E| =iixB
B'=B

so, the Lorentz force in the rotating frame of reference S'is
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F':e(E'+17’x§’)
:e(ﬁxE’+\7’><B)

therefore, since the differential surface of the conducting disc is stationary at S,
the velocity is V' =0 and the force expression is the same as that of the Lorentz
force in the laboratory reference system, S, as expected.

In the laboratory reference frame S the velocity of the aforementioned differ-

ential surface of the conducting disk is v =i =—awrii,, so

F =—eori, x(é}, +B )

(10)
=ewr(Bi,—Bi,)

Consequently, two components of the electromagnetic Lorentz force arise, one

radial and one perpendicular to the surface of the conducting disk. The compo-

nent contributing to the developing electromotive force along a radial part of the

conducting disk is given by the relation

F. =—ewrB.i, (11)

Since the charge e of the electron is negative and the component B, of the
magnetic field has negative values at the surface of the conducting disc, accord-
ing to Equation (11) the radial component of the Lorentz force acting on the
conduction electrons is directed towards the center of rotation, so according to
the conventional direction of the electric current, the direction of the electric
current is from the center to the periphery, ie. equivalent to the direction of the
electric current induced by a DC voltage electric source with its negative pole in
axis of rotation and the positive one at the periphery.

The differential surface of a ring of radius r and differential width dr on the
surface of conducting disc is equipotential, that is, all points of a circumference
of radius r of the conducting disk, the center of which is located on the axis of
rotation, have the same electric potential. This results from the lack of electro-
motive force along such a circumference. For example, in a differential line seg-
ment d/=rd@ of this circumference, the force exerted on a conduction elec-
tron due to the rotational motion, is given by the equality (10). The induced dif-
ferential electromotive force along the aforementioned differential length is zero
according to the equality

v :éﬁ-di - or(Bi, ~B.a)-(dtd,)=0
Also, the electromotive force along any closed path Cthat encloses the surface S,
on the surface of the conducting disc, is zero. This follows from Stokes’ theo-
rem J'S (?x ﬁ)ﬁzds = Q]SCFVd? , because if we limit the closed path on the sur-
face of the conducting disk, given that F =ewr(Bi,—B.i,), it follows that
(? x F)-ﬁz =0. This means that the potential difference, resulting from the in-
duced electromotive force, between any two points on the surface of the con-
ducting disc, is the same for every path connecting these two points and defined

on that surface.
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The induced electromotive force along a path L of a radial part of the con-

ducting disk in this case is given by the equality

V=l F-d/

e’L

=—[*F i dr (12)

where r,—r =L and d/=di,dr.

Because the magnet is stationary in the laboratory, the relativistic effect of the
equality (12) is the same as that predicted by Faraday’s view, so this case of ro-
tating conducting disc and the stationary magnet in the reference frame of la-
boratory, is not offered to examine the correctness of one or the other of these

two views.

4.2. Second Case: The Conducting Disk and Ring Magnet Rotate
Together

Let us consider the case where the angular velocity vector of the ring magnet and
the conducting disc are the same. This is one of the cases of the experiment of
the present study, where the ring magnet and the conducting disk, viewed from
the side of the external part of the electric circuit, rotate clockwise with the same
angular velocity. In this case, the relative velocities of all points of the conduct-
ing disk with respect to the reference system of the magnet are zero. The external
part of the electric circuit, Ze that part of the electric circuit which has as its
ends the two brushes and through which the connection is made with the in-
strument for measuring the electric voltage, is stationary with respect to the in-
ertial reference system of the laboratory. Also, the relative velocities of all points
of the external part of the electrical circuit with respect to the reference system of
the magnet are determined based on the opposite of the aforementioned angular
velocity vector.

In the rotating frame of reference S, which is the frame of reference relative to
which the magnet and the conducting disk are stationary, the electric field E’
is zero, while the magnetic field B’ is predicted for a ring magnet at rest.
Therefore, the Lorentz force on a conduction electron located on a differential
surface of the conducting disk, given that the velocity of the differential surface

at §'is V' =0, as shown by the following equality is zero.
ﬁ':e(é'+\7’><l§'):0

In the inertial frame of reference S of the laboratory according to the relations

(7) and (8) the following equalities are taken

E,=0
E, =—iixB
B=B'
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then, since velocity of the differential surface, estimated in reference system S, is
vV =1u, the Lorentz force exerted on the aforementioned conduction electron is

given by the equality

and is zero with respect to reference frame S, as expected. Therefore, according
to the theory of relativity, in this case is not induced electromotive force in the
conducting disk.

However, also based on the theory of relativity, an electromotive force is in-
duced in the stationary, with respect to laboratory, part of the electric circuit,
since it appears to be rotating with respect to the reference frame of the magnet,
with an angular velocity opposite to that of the conducting disk-magnet system
observed in the laboratory reference system.

These relativistic results contradict the view of Faraday, who in his work on
the unipolar inductor states that the measured electromotive force in the case
where the magnet and the conductor rotate together is due to the fact that the
rotating conductor intersects the lines of force of the magnetic field, because the
magnetic field lines of force do not follow the rotational motion of the magnet.
Therefore, according to Faraday’s view, the electromotive force is induced in the
conducting disk and is equal to that of the case studied in Section 4.1, while is
not induced electromotive force in the stationary external part of the electric
circuit.

Given all the above, this dichotomy should be completely removed. For this
purpose, we calculated the induced electromotive force, making calculations
based on the analytical equations of the components of the magnetic field. Also
additional calculations were made using measurements of the magnetic field. All
these calculations were done using mathematica and MATLAB. These results are
then compared with the measured electromotive force.

But it should be emphasized that the induced electromotive force in the con-
ducting disk according to Faraday’s view is not equal to the induced electromo-
tive force calculated according to general relativity in the stationary part of the
electric circuit as we will see below. Therefore, in this case, the comparison be-
tween the theoretical values and the experimental results gives the answer re-
garding the agreement of one theoretical point of view or the other with the real-

ity expressed by the experimental results.

4.2.1. Faraday Electromotive Force along a Radial Part of the
Conducting Disc

The analytical expressions of the magnetic field of the ring magnet yield the ex-
pected cylindrical symmetry of this field. However, due to imperfections of the
permanent magnet of the experimental setup used, the magnetic field of the ex-
periment is not expected to be completely cylindrically symmetric.

The measuring instrument used to measure the components of the magnetic
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field is a TD8620 gauss meter with the following characteristics:
o Measurement Range: 0 - 2400 mT (2400 GS).
e Accuracy: 0 - 1000 mT (2%); 1000 mT - 2400 mT (5%).
o Range: 200 mT, 2000 mT (Automatic range switching).
o Power Supply: 9V battery.

The magnetic field on the surface of the conducting disc was measured along
a radial part, taking one measurement per 5 mm. The values of these measure-
ments are shown in the circled points in Figure 5. These obtained values of the
magnetic field component which is perpendicular to the surface of the conduct-
ing disk, are negative because the surface of the south pole of the ring magnet is
the closest to the conducting disk. The position of the surface of the conducting
disk on the Zaxis is z, =29.5mm and the analytical expression B, (r,z, ) of
the magnetic field along the radial part, for o =220mT , gives the continuous
curve of the graph in Figure 5. The values of the magnetic field of this continu-
ous curve have been obtained from the analytical expression (3) using the

mathematica program and then used to plot in MATLAB.

0 Magnetic field along a radial part of the conducting disk

-0.01

-0.02

-0.03

-0.04

B.(r.zy,) (T)

-0.05

-0.06

_0-07 1 1 1 1 1 1 1 1 1 1
0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085

r(m)

Figure 5. The continuous curve comes from the analytical relations of magnetic field,
while the circular points come from measurements of the z-component of magnetic field,
along a radial part of the conducting disc.

According to Faraday’s view there is an induced electromotive force in this
radial part because the magnetic field lines of force intersect during the rotation
of the conducting disk. As mentioned previously, in Faraday’s opinion this phe-
nomenon is due to the fact that the dynamic lines of the magnetic field do not

follow the rotational movement of the magnet. This induced electromotive force
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is calculated based on the relation (12) using either the analytical expression (3)
and making use of the mathematica program, or the values of the magnetic field
obtained from the measurements and making numerical integration with
MATLAB. The value of the electromotive force obtained from the relation (12)
and the analytical expression (3) is 22 mV, while the value of the electromotive
force obtained from the relation (12) and the magnetic field measurements is
21.3 mV. The difference between the two values is due to the imperfections of

the ring magnet which can be seen in Figure 5.

4.2.2. Faraday Electromotive Force Induced Entirely in the Conducting
Disk

Due to the imperfections of the ring magnet, there is a small deviation of the
measured values of the magnetic field along each radial part of the conducting
disk compared to the corresponding values of the analytical relations of Section
3. These deviations cause differences in the induced electromotive forces of the
four radial parts of the conducting disc. This system of four electromotive forces
is “electrically equivalent” to an electric circuit of four electric sources of DC
voltage, as shown in Figure 6, with electromotive forces Ei, E,, Es, E4, with in-
ternal resistance r in each DC source, with all positive poles conductively con-
nected to ensure equality of electric potential across the peripheral conductive
connection ABCDA, and with the negative poles connected at point O. The po-
tential difference between the common connection point O and the peripheral
conductor ABCDA, is in this case equal to the average value of the individual

electromotive forces, that is, it is expressed by the following relation.

V:%(E1+E2+E3+E4) (13)

A

C

Figure 6. Circuit “electrically equivalent” to that of the conducting disk in the case where
the conducting disk and ring magnet rotate together.

Therefore, in order to calculate the total induced Faraday EMF in the con-
ducting disc, the average value of the induced EMFs of its four radial parts
should be calculated. The analytical calculation of the EMF according to the re-
lations (12), (3) does not require these extra calculations and the result is 22 mV,

as mentioned in Section 4.2.1.
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The calculation of the induced EMF in each of the radial parts of the con-
ducting disc has been done following the procedure of Section 4.2.1, ie. by
measuring the component of the magnetic field which is parallel to the Z axis,
along each of the four radial parts, but making five measurements at each posi-
tion, per 5 mm, in order to reduce as much as possible the magnetic field meas-
urement error due to poor placement of the measuring instrument at each posi-
tion.

For convenience, we use the absolute values of the magnetic field measure-

ments. We denote by B, the measured values of the z-component of the

magnetic field. The indexlln expresses the serial number of the radial part, so
n=1,2,3,4. The index j expresses the serial number of the measurement at a
certain radial distance, i.e. j=1,2,---,M , where M =35, and the index i is the
index of radial distance r; so i=1,2,---,N, where N =10. As value E we
define the mean value of the z-component of magnetic field, of the radial part n,

at the radial distance 7, as follows

1 M

B =—Y'B
zn[ M ; Z”ij
and the error of mean value is expressed as follows
— S

nl

UM

zn,
where the term S, is expressed as

1 M
s = |—3|z
e

O zn;
Jj=1

and it is the standard deviation. The induced EMF in the radial part 2 is calcu-
lated according to the relation (12), making a numerical integration as follows
1 N-1 R -
E, =2nf |:E ; (’”i+1 - )(rz ani +ra an,+1 ):|
where fis the rotation frequency. Therefore, including a radial distance estima-
tion error equal to J7 results in an error propagation in the numerical integra-

tion, determined by the relation

2

2
N N
sE, = 3| | L sB, +(%54j

n

=1 ,
where
:
g 66% 5B, | =(2nf) [rﬁ (1)’ (9B.,)
e () (53.,)
=
oy (rN —rya)’ (5%)2}
and
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3 Lo | = [[(n-20)8. n2. T (0r)

i

' szl|:r;1 (ani_' _Kn’) i (BZ"i B BZ”H] ):|2 (5’; )2

- —
+|:erle11,\,_] +(2rN _erl)anN:| (5rN)2:|

The error propagation in estimating the potential difference given by the rela-
tion (13) is

sV :% i(&En)2 (14)
n=l1

From the obtained measurements of the z-component of the magnetic field in
the four radial parts of the conducting disk, using MATLAB, the mean values at
each radial distance and the corresponding errors were calculated, which were
entered in Table 1 and Table 2, and also were calculated the errors J0E, for n=
1, 2, 3, 4, and OV, considering an estimation error of the radial distance
or,=0.5mm for all measurements. The calculated value of the potential differ-

ence between the two brushes is

V'=20.0£04mV (15)

Table 1. Radial distances and corresponding mean values of the z-component of magnet-
ic field along the four radial parts of the conducting disc.

i 7;(em) B, (T)  Bo(T)  By(T) B (T)
1 4.0 0.007000 0.006200 0.006000 0.007600
2 4.5 0.027800 0.022400 0.026400 0.029600
3 5.0 0.042600 0.036600 0.039400 0.043400
4 5.5 0.048400 0.041400 0.043000 0.049000
5 6.0 0.051000 0.043000 0.044000 0.051800
6 6.5 0.054000 0.045000 0.046400 0.054200
7 7.0 0.057000 0.048000 0.049000 0.058200
8 7.5 0.060400 0.051200 0.053200 0.061800
9 8.0 0.062000 0.055200 0.056600 0.063800
10 8.35 0.059200 0.056000 0.057000 0.062400

Table 2. Radial distances and corresponding errors of mean values of the z-component of
magnetic field along the four radial parts of the conducting disc.

i r(em) 6B, (T) 6B, (T) 6B, (T)  6B.(T)
4.0 0.000447 0.000200 0.000000 0.000245
4.5 0.000490 0.000400 0.000245 0.000245
5.0 0.000400 0.000245 0.000245 0.000400
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Continued
5.5 0.000245 0.000245 0.000000 0.000000
6.0 0.000000 0.000000 0.000000 0.000200
6.5 0.000000 0.000000 0.000245 0.000200
7.0 0.000000 0.000000 0.000316 0.000200
7.5 0.000245 0.000200 0.000200 0.000200
8.0 0.000000 0.000200 0.000245 0.000374
8.35 0.000200 0.000000 0.000000 0.000245

The difference between the value of V given by the relation (15) and the cor-
responding value of 22 mV calculated by the analytical procedure is due to the

imperfections of the ring magnet, as extensively mentioned in Section 4.2.1.

4.2.3. Calculation of the Relativistic Electromotive Force along the
External Part of the Electric Circuit

The assumption of the existence of an electromotive force along the external part
of the electric circuit is a purely relativistic assumption, and as we have already
mentioned it contradicts Faraday’s view. Therefore the calculation of this elec-
tromotive force is done following the corresponding relativistic procedure.

As shown in Figure 7 the external part of the electrical circuit consists of the
line segments AB and CD which are of equal length, connected to the brushes
and are parallel to the Z axis, and the radial straight line segments OA and OD
whose ends, very close to the point O of the axis of rotation, are connected by a
bipolar cable. The other end of the bipolar cable is connected to the instrument

for measuring the potential difference.

o

A

bipolar connection
cable to the multimeter

Figure 7. Drawing of a part of the experimental setup, including the magnet, the con-
ducting disc up to its surface, the brushes, copper wires and bipolar cable that make up
the external part of the electrical circuit. The plastic parts and springs have been removed
from the drawing in order to show the geometry of the copper wires of the external part
of the electrical circuit.

The total induced electromotive force along the bipolar wire is zero, because
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each differential line segment of it consists of a differential line segment of the
input current conductor and a differential line segment of the output current
conductor, and the Lorentz vector forces, which are exerted on the conduction
electrons of these two differential parts, are equal. Therefore, the corresponding
differential electromotive forces cancel each other.

The external part of the electric circuit, which is stationary with respect to the
inertial reference frame of the laboratory, and is viewed by an observer which is
stationary with respect to the magnet, is rotating with respect to him with an
angular velocity given by the following equality.

—r A

@ =ou

z

that is @' =—@® , because the vector angular velocity @' is opposite to that ob-
served as vector angular velocity of rotation of disk-magnet system in the lab.
Therefore, a differential line segment of the external part of the electric circuit
moves with respect to an observer of the rotating reference system S, ie. with
respect to an observer of the reference system in which the magnet is stationary,

with a velocity

Since the electric field E’ in the reference frame S of the rotating magnet is
zero, the Lorentz force acting on a conduction electron located in the aforemen-

tioned differential line segment is given by the relation
F'=eV'x B' = ewrii,x B’

In the inertial frame of reference §of the laboratory, according to the relations

(7) and (8) we take the following equalities.

£=0
E, =—iixB
B=B

and since the velocity V of the aforementioned differential line segment in Sis

zero, the Lorentz force exerted to the conduction electron is given by the equality

Therefore, the Lorentz force has the same value in the reference systems S'and §
as expected. Based on the analytical relations for determining the components of
the magnetic field in Section 3, the Lorentz force is given by the relation
F =ewrii,x(B, + B
o ( r z ) (1 6)
= ea)r(_B)'lsz + BZuAr)
The term —ewrB,ii, of the Lorentz force in equality (16) is the cause of the

induction of electromotive force along the parts of the external circuit which are
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parallel to the axis Z while the term ewrB.i, is the cause of the induction of
electromotive force along the radial parts.

In the line segment AB of the electric circuit, located at a distance from the
axis of rotation equal to 7, =4 cm, the component of the Lorentz force which
is parallel to the direction of the Zaxis is expressed by the following equation.

Fy, (z)a, =—ewry B, (1, z)i, (17)

The corresponding component of the Lorentz force for the line segment CD of
the electric circuit, located at a distance from the axis of rotation equal to
7y, =8.35 cm, is given by the equation

E)2 (Z)u,\z :_ea)rOZBr(}?)Z’Z)qu (18)

The component of the Lorentz force which is the cause of the induction of the
electromotive force along the radial straight line segments OA and OD, which lie
on the flat surface defined by the coordinate z =z, =9.45cm, is given by the
equation

F(r)ﬁr =ewrB, (r, ZOZ)ﬁr (19)

Due to the existing cylindrical symmetry, with small deviations in the mag-
netic field of the ring magnet, if we define a radial straight line segment OE
equal to OA, the calculated EMFs along these two line segments practically can-
cel each other. so as a total EMF along the line segments OA and OD only the
EMF induced in line segment ED is obtained.

In order to determine the directions of the electric currents, in the conven-
tional sense of the definition of the electric current, which tends to be created by
the induced electromotive forces along the considered line segments of the ex-
ternal part of the electric circuit, we will graphically represent in principle the
analytical functions B,(7,,z), B,(r,.z) and B_(r,z,) and the corre-
sponding experimental points obtained from the magnetic field measurements.
The measurements of the radial components of the magnetic field that have been
done along the line segments AB and CD, and also the measurements of the
components of the magnetic field which are parallel to the Z axis, and have been
done along the radial straight line segment ED, are listed in Tables 3-5. The
corresponding plots are in Figures 8-10.

Table 3. Coordinates z and corresponding measured values of the radial component of
the magnetic field at a distance 1 = 4 cm from the axis of rotation, along the straight line

segment AB.
z(cm) B-(mT)
2.95 38.0
4.45 9.0
5.45 3.0
6.45 1.0
7.45 0.5
8.45 0.1
9.45 -0.6
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Table 4. Coordinates z and corresponding measured values of the radial component of
the magnetic field at a distance r, = 8.35 cm from the axis of rotation, along the straight
line segment CD.

z(cm) B-(mT)
2.95 -28
4.45 -17
5.45 -12
6.45 -9
7.45 -7
8.45 -6
9.45 -5

Table 5. Radial distances and corresponding measured values of the z-component of the
magnetic field, along the radial straight line segment ED, located on the flat surface de-
fined by the coordinate z= z», = 9.45 cm.

r(cm) B, (mT)
4.00 -8.5
5.00 -8.8
6.00 -8.6
7.00 -8.0
8.00 -7.5
8.35 -7.2

0.045 Magnetic field along the straight line segment AB

0.04 1
0.035 | i}

0.03 }

0.025

0.02 - 1

0.015

B,(ryy.2)) (T)

0.01 1

0.005

0F ©) O 4

_0005 1 1 1 1 1 1 1
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

z (m)

Figure 8. Values of the radial component of the magnetic field along the line segment AB
of the external part of the electric circuit. The continuous curve comes from the analytical
relations of the magnetic field, while the circular points come from the measurements of
the radial component of the magnetic field along the line segment AB.
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Magnetic field along the straight line segment CD

0
-0.005 - 1
-0.01 | 1
£
N
%, -0.015 - 1
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=
-0.02 1
-0.025 - 1
@)
_003 1 1 1 1 1 1 L
002 003 004 005 006 007 008 009 0.1
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Figure 9. Values of the radial component of the magnetic field along the line segment CD
of the external part of the electric circuit. The continuous curve comes from the analytical
relations of the magnetic field, while the circular points come from the measurements of
the radial component of the magnetic field along the line segment CD.

%103 Magnetic field along the radial segment ED

7k i

B,(r.z,) (T)

_9 1 1 1 1 1 1
0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

r(m)

Figure 10. Values of the z-component of the magnetic field along the radial straight line
segment ED of the external part of the electric circuit. The continuous curve comes from
the analytical relations of the magnetic field, while the circular points come from the
measurements of the z-component of the magnetic field along the radial straight line
segment ED.

From Table 3 and Figure 8, it is found that along the straight line segment AB
the values of the radial component B, of the magnetic field, which give the most
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part of the induced electromotive force, are positive, so according to the relation
(17) the Lorentz force exerted on the conduction electrons has mostly positive
values and its direction is from point B to point A, excluding a small region of
the line segment AB, whose contribution to the generation of the induced elec-
tromotive force is very small. Therefore, the conventional direction of the elec-
tric current that tends to be created is from point A to point B. We find out that
this direction of the electric current agrees with the direction of the electric cur-
rent generated according to Faraday’s view due to the induced EMFs along the
radial parts of the conducting disk.

From Table 4 and Figure 9, it is found that along the straight line segment
CD, the values of the radial component B, of the magnetic field are negative, so
according to the relation (18) the Lorentz force exerted on the conduction elec-
trons has negative values and its direction is from point D to point C. Therefore,
the conventional direction of the electric current that tends to be created is from
point C to point D. We find out that this direction of the electric current agrees
with the direction of the electric current generated according to Faraday’s view.

From Table 5 and Figure 10, it is found that along the radial straight line
segment ED the values of the B, component of the magnetic field are negative, so
according to the relation (19) the Lorentz force exerted on the conduction elec-
trons has positive values and its direction is from point E to point D. Therefore,
the conventional direction of the electric current that tends to be created is from
point D to point E. We again find out that this direction of the electric current
agrees with the direction of the electric current produced according to Faraday’s
view.

Therefore, the absolute value of the induced relativistic EMF in the entire ex-
ternal part of the electric circuit will be equal to the sum of the absolute values of
the induced EMFs along its individual parts, that is, according to the relations
(17), (18) and (19), is given by the relation

l 202 sz (Z)dZ

e T4l

l ZOZE)I(Z)dZ

e Y401

vV =

ext

+ +

lj:bz F(r)dr

e

(20)
= ‘—a)rol J.ZOOIZ B (r,,z)dz

202 To2
+‘—a)r02'|'zm B},(Ifoz,z)dz‘+‘a)‘|'ro1 rB, (r,zoz)dr

The absolute value of the numerical integration of the induced relativistic
electromotive force on the entire external part of the electrical circuit was calcu-
lated by numerical integration using the mathematica program and MATLAB.
The absolute value V,, of the electromotive force obtained from the analytical
expressions (1) and (3) is 15.4 mV, while the value obtained from the magnetic
field measurements, making use of MATLAB and entering interpolated values at

specific query points using “spline” as interpolation method, is 16 mV.

4.3. Third Case: The Magnet Rotates and the Conducting Disk Is
Stationary with Respect to the Laboratory

In the case in which the conducting disk observed in the laboratory is stationary

while the magnet rotates, according to Faraday’s view is not induced electromo-
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tive force either in the conducting disk or in the external part of the electric cir-
cuit which is also stationary with respect to the laboratory. However, according
to the theory of relativity, is induced electromotive force in the conducting disc
and also in the external part of the electric circuit. The induced EMF in the ex-
ternal part of the electric circuit has already been calculated in Section 4.2.3. The
value from the analytical calculation is 15.4 mV and the value from the magnetic
field measurements is 16 mV.

In this case, the conducting disk rotates with respect to an observer of the
frame of reference of the magnet, ie. with respect to an observer of the rotating

reference system S, with an angular velocity given by the equation

that is, @ =—@, as in Section 4.2.3. Therefore, the Lorentz force exerted on a
conduction electron, located on a differential surface of the conducting disc, is
given by the relation 16 and its radial component causing an electromotive force

in the radial direction is given by the equation
F. =ewrB.il, (21)

which, however, is opposite to that given by the relation (11) of the first case,
which is also applied to the second case, according to Faraday’s point of view, for
the calculation of the electromotive force induced in the rotating, with respect to
the lab reference system, conducting disk. This means that, in the case consid-
ered in this section, the EMF induced in the radial parts of the conducting disc
opposes the EMF induced in the external part of the circuit. Therefore, accord-
ing to the relativistic calculations, the value obtained by the voltage measuring
instrument should be equal to the difference between these two EMFs, with an
opposite sign to that obtained by the same instrument in the first and second
case, because the EMF induced in the conducting disc is in absolute value the
highest. Specifically, according to the analytical calculation, the electric voltage is
equal to (15.4 — 22) mV = —6.6 mV, while according to the calculation derived
from the measurements of the magnetic field, the electric voltage is equal to (16
—-20) mV =-4mV.

5. Measurements of the Induced Electromotive Force

The instrument for measuring the electrical voltage, which is connected at the
other end of the bipolar cable of Figure 7, is a KEITHLEY 2000 multimeter. The
rotation frequency of the motor shaft was measured with an MP5W-4N ta-
chometer in combination with a SICK IME18 inductive sensor with characteris-
tics: OUT: PNP/NO; 0 - 8 mm; 10 - 30 VDC; M18; IP67; 200 mA, and the meas-
ured value is 1490 rpm. The multimeter is connected through the serial port to
the computer, so its operation management have been done by the computer,
with a program written in the QBASIC programming language. In each run of
the program 1024 values of the electrical voltage are recorded successively in the

buffer of the instrument, which after the recording process are saved in a file on
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the hard disk of the computer. The first 980 consecutive values of the total 1024
recorded values are immediately usable in the first case because they correspond
to exactly 11 rotation periods. Taking this data over an integer number of rota-
tion periods is particularly useful for studying the voltage waveform during data

analysis, as we will see next.

5.1. Measurement of the Induced EMF in the First Case

In the first case, in which the conducting disk is rotating and the magnet is sta-
tionary in the laboratory, an example waveform obtained is shown in Figure 11.
The waveform shown in Figure 11 is due to two reasons. The dominant cause is
the induced electromotive force, while the secondary is an additional signal due
to the vibrations arising from the rotation. Vibrations are oscillations due to the
rotation that result in induced sinusoidal voltages in the conducting disk, which
appear in the diagram of Figure 11 as a signal consisting of the sum of all these
sinusoidal voltages. In order to study the amplitudes of these sinusoidal voltages
as a function of frequency we perform a Fast Fourier Transform (FFT) analysis
of the waveform using the MATLAB, the result of which is shown in the plot of
Figure 12. In this FFT analysis we get, as shown in Figure 12, the main fre-
quency of 24.83 Hz, which is the rotation frequency of 1490 rpm, with an am-
plitude of 1.35 mV, as well as all the frequencies that are multiples of the main

frequency with the corresponding amplitudes.

0.023 . . . .

0.022 4

0.021 7

V() (V)

0.02 1 n

e

0.019 | H .

0.018 | 4

0.01 7 1 1 1 1 1 1 | 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Time (sec)

Figure 11. A waveform of the measured voltage V() in the case where the magnet is

stationary in the lab while the conducting disk is rotating.

Since the waveform of Figure 11 is obtained by an integer number of rotation

periods, the calculation of the average value of 980 voltage values eliminates the
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contribution of the vibration of the main frequency as well as the contribution of

its multiples.

14 % 1073 Single-Sided Amplitude Spectrum of V(t)

Vol (v

Wl

o¥ - :
100 200 300 400 500 600 700 800 900 1000 1100 1200
f (Hz)

Figure 12. Plot derived from the FFT analysis of the V(f) waveform in the case where

the magnet is stationary in the laboratory while the conducting disk is rotating.

But in addition to the main frequency and its multiples, during the FFT analy-
sis, a noise signal is also obtained, with a fluctuating amplitude of approximately
0.02 mV and frequencies that span the entire range of the obtained frequency
spectrum.

In order to limit as much as possible, the introduced error due to noise, we
consider the mean value of the 980 voltage values obtained in each run of the
program as the value of one measurement and make five consecutive runs of the
program. We then calculate the average value of these five measurements and

the corresponding error of the average value, using MATLAB. The result is
¥ =20.44+0.01 mV (22)

5.2. Measurement of the Induced EMF in the Second Case

In the second case, in which the conducting disk and the magnet rotate clock-
wise at the same angular velocity, observed from the external circuit side in the
laboratory, an example waveform obtained is shown in Figure 13.

The waveform is different in this case because the ring magnet has been added
to the rotating system, so the amplitudes corresponding to the frequency spec-
trum of the FFT analysis are different. The result of the FFT analysis for the
waveform of Figure 13 is depicted in the plot of Figure 14.
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Figure 13. A waveform of the measured voltage V() in the case where the magnet and

the conducting disk rotate together.
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Figure 14. Plot derived from the FFT analysis of the V() waveform in the case where

the magnet and the conducting disk rotate together.

Following the same procedure as that of Section 5.1, for five consecutive runs
of the aforementioned QBASIC program, we obtain a final result of measuring

the induced EMF in this case which is

DOI: 10.4236/jamp.2024.128176 2952 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2024.128176

K. Patrinos

V' =19.86+£0.02 mV (23)

This result agrees with that of the corresponding calculation of Section 4.2.2
given by the equality (15).

The difference between the results of the equalities (22) and (23), if examined
from Faraday’s point of view, is due to the fact that the first and the second cases
are not completely equivalent when the magnetic field of the ring magnet used is
not absolutely cylindrically symmetric. In the experimental setup of the present
study, as we have already noticed, there are small deviations in the measured
values of the magnetic field from those derived from the analytical calculations.
Specifically, while in the second case, the radial parts of the conducting disk are
constantly opposite the same positions of the surface of the south pole of the
magnet during the rotation and are continuously traversed by the same dynamic
lines of the magnetic field, in the first case the radial parts of conducting disk
constantly change positions with respect to the surface of the magnet during the
rotation. Therefore, in the first case the calculated electromotive force, the in-
stant value of which can be obtained following the procedure of Section 4.2.2, is
time-dependent, but with small deviations from the average value during the ro-

tation.

5.3. Measurement of the Induced EMF in the Third Case

In the third case, in which the conducting disk is stationary with respect to the
laboratory while the magnet is rotating, one of the obtained waveforms is shown

in Figure 15.

4
10 ><10 T T T T T T T T

2+t ]

4 F ]

6 F 4
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Figure 15. A waveform of the measured voltage V(¢) in the case where the conducting

disk is stationary with respect to the lab, while the magnet is rotating.
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The result of the FFT analysis for the waveform of Figure 15 is depicted in the
plot of Figure 16. Only the main frequency and some neighboring frequencies
seem to have appreciable amplitude and this is due to the lack of participation of

the conducting disk in the rotational motion.

%107 Single-Sided Amplitude Spectrum of V(t)
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Figure 16. Plot derived from the FFT analysis of the V(f) waveform in the case where

the conducting disk is stationary with respect to the lab while the magnet is rotating.

Following the same process of calculating the induced EMF for each run of
the program, as followed in Sections 5.1 and 5.2, the average values of EMF in

five consecutive runs are as follows.
V,=-6.8210x10° V
V,=-1.8823x10" V
V,=-3.1928x107° V
V,=-2.8396x10" V
V. =-33790x107° V

These five values are of the order of magnitude of the error, so they are consid-

ered practically zero.

6. Summary Tables of Results

As already mentioned at the end of Section 4.1, the first case, Ze. the case of rota-
tion of the conducting disk and immobility of the magnet in the reference frame
of the laboratory, does not lend itself to examining the correctness of the theory
of relativity or Faraday’s view. Therefore, in order to examine the correctness of

these two different considerations, based on the irrefutable reality of the experi-
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mental results derived from the measurements of the induced electromotive
forces and the components of the magnetic field, we will summarize the calcula-
tions and the corresponding results of the measurements in the second and third
case. Table 6 is the consolidated table of results, which includes the results of
calculations based on relativity and Faraday’s view and measurements of in-
duced electromotive forces, in the second case where the magnet and the con-
ducting disk rotate together, and in the third case in which the conducting disk

is stationary in the laboratory and the magnet is rotating.

Table 6. Summary table of results obtained from the data analysis of the experiment.

Cases Relativity Faraday’s view Measurement result
Second case 16 mV 20.0 £ 0.4 mV 19.86 = 0.02 mV
Third case -4 mV Zero practically zero

In the experiment of the present study, and in all the experiments that are
recorded in the international literature and have as a research objective the Far-
aday’s unipolar generator, some of which are described in [2]-[4] [15], two
common basic findings are stated, which are the following:

o The measured induced electromotive forces in the first and second cases are
equal.
o The measured electromotive force in the third case is zero.

We can therefore say, with absolute certainty, that an experimental setup of a
unipolar generator, in which a ring magnet with the same geometrical charac-
teristics as the magnet of the experimental setup of the present study is used, but
the magnetic field approximates in a fairly satisfactory degree the field of the re-
lations 1 and 3 for o =0.220 T, will give as measured value of induced EMF in
the first and second cases the value resulting from the analytical calculation,
which is equal to 22 mV, and zero measured value in the third case. Table 7 is
the summary table of results obtained from the analytical calculations and

measurements obtained from such an experimental setup.

Table 7. Summary table of results obtained from a cylindrically symmetric magnetic field,
originating from a ring magnet with ¢ =0.220 T and geometric characteristics: 190

mm outer diameter, 85 mm inner diameter, and 23 mm thick.

Cases Relativity Faraday’s view Measurement result
Second case 154 mV 22 mV 22 mV
Third case —-6.6 mV zero zero

7. Discussion

A. Einstein in his paper entitled “On the Electrodynamics of Moving Bodies™, in

®This edition of Einstein’s On the Electrodynamics of Moving Bodies is based on the English transla-
tion of his original 1905 German-language paper (published as Zur Elektrodynamik bewegter
Korper, in Annalen der Physik. 17:891, 1905). Available:

https://www.fourmilab.ch/etexts/einstein/specrel/specrel.pdf
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II. ELECTRODYNAMICAL PART, Section 6. Transformation of the Max-
well-Hertz Equations for Empty Space. On the Nature of the Electromotive
Forces Occurring in a Magnetic Field During Motion, he concludes with the

phrase:

“Furthermore it is clear that the asymmetry mentioned in the introduction
as arising when we consider the currents produced by the relative motion of
a magnet and a conductor, now disappears. Moreover, questions as to the
‘seat’ of electrodynamic electromotive forces (unipolar machines) now have

. »
no point.

This phrase alone is enough to show the lack of deeper understanding of the
phenomenon we are examining in the present study, during the period of the
early twentieth century. Because no attempt was made to interpret the phenom-
enon, not even a reference to the experiments carried out up to that time. If
there was a scientific discussion, especially on the topic of the unipolar generator,
then the non-relativistic character of this phenomenon would be seen.

Unfortunately, to this day, the prevailing view regarding the subjects we are
discussing is that of classical relativistic electrodynamics, which however fails to
interpret fundamental phenomena, such as that of the unipolar inductor.

In the present work, a new way of examining the unipolar generator effect is
highlighted. This new way of examining the phenomenon is based on the ana-
lytical calculation of the components of the magnetic field in such a way as to
confirm the corresponding measurements of the magnetic field. Even if no ex-
periment is performed, one can consider a hypothetical experiment and based
on analytical calculations determine the expected results according to Faraday’s
view, or according to the theory of relativity. Then using a simple experimental
setup, like the one in the present study, he may establish which theoretical point
of view agrees with the experimental results and which does not. He will find, for
example, that in the case in which the conducting disk and the magnet rotate
together, the resulting potential difference is greater than the relativistically ex-
pected, while it agrees with the potential difference which is expected according
to Faraday’s view. He will also find that when only the magnet rotates, while the
conducting disk and the rest of the electrical circuit are at rest in the laboratory,
the resulting potential difference is zero, which completely confirms Faraday’s
view and does not agree with the relativistically expected result, which is a

non-zero potential difference.

8. Conclusions

According to the results presented in the summary tables of Section 6, it be-
comes clear that the phenomenon of Faraday’s unipolar generator, based on the
measurements, is in full agreement with the Faraday view, already described in
the present study, while contradicting the predictions of the theory of relativity.
But this fact does not just affect an aspect of the theory of relativity, but the
very basis of the relativistic electromagnetic theory. The physical phenomena of
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electromagnetism, as they had been studied with Faraday’s experiments, cannot
be interpreted on the basis of the theory of relativity when sources of electro-
magnetic fields in rotating frames of reference are involved, since in this case the
relativistic calculations of electromagnetic fields and the Lorentz forces cannot
give a result that is consistent with the physical reality of the measurements of
these experiments.

Because of the great seriousness of this matter, a fundamental reformulation
of classical electrodynamics is needed. Therefore, this must be the subject of an
open scientific dialogue, among all members of the scientific community, Ze
among all researchers in the field of natural sciences and especially those who
deal with issues of classical electrodynamics.

It is easy to carry out an experiment of unipolar induction in any physics la-
boratory at any university. This ease in combination with the proposed in the
present study new procedure for examining the unipolar generator effect may

contribute to the successful outcome of such a dialogue.
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