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Experimental investigation of an unusual induction effect and its
interpretation as a necessary consequence of Weber electrodynamics

Steffen Kiihn
August 3, 2021

The magnetic force acts exclusively perpendicular to the
direction of motion of a test charge, whereas the electric force
does not depend on the speed of it. The present article provides
experimental evidence that, in addition to these two forces, a third
electromagnetic force exists which is proportional to the velocity
of the test charge and acts parallel, and not perpendicular,
to the direction of motion. Such a force cannot be explained
by the Maxwell equations and the Lorentz force, since it is
incompatible with this framework for principal reasons. However,
this force would be well compatible with Weber electrodynamics
and Ampere’s original force law, since this old form of electro-
dynamics not only predicts the existence of such a force, but also
seems to make it possible to calculate it accurately.
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1. INTRODUCTION

The electromagnetic force F onto a test charge g with velocity
v, so is generally accepted, is fully given by the two fields E
and B and the formula of the Lorentz force

F=gE+quxB. (1)

As can be easily seen, the formula of the Lorentz force cannot
express a force component proportional to gv, because g E
is independent of v and the term v X B is always oriented
perpendicular to v, since the scalar product v - (v X B) equals
zero. Thus, should an electromagnetic force be measured
which is proportional to the velocity of the test charge and
furthermore acts parallel to the direction of motion, so it would
be intrinsically incompatible with the Lorentz force (1).

However, the experiment performed in this article provides
clear signs that such a force exists. This may seem highly

implausible after more than a century of practical experience
in electrical engineering, but one must realize that these forces
occur only in very special situations. Moreover, only very few
people would expect that unexpected effects would be waiting
to be discovered at such an ancient theory. However, it is not
the first time that such forces are reported [6] and even André-
Marie Ampere himself explicitly investigated this kind of force
in experiments and consciously included the results in his force
formula [5], [3].

To the present theory of electrodynamics, i.e. the Maxwell
equations in combination with the Lorentz force, such a force
is incompatible. An earlier preceding theory is Weber elec-
trodynamics. However, the term electrodynamics is somewhat
inappropriate for this, since Weber electrodynamics consists of
only one formula, which resembles Coulomb’s law. However,
in contrast to Coulomb’s law, Weber’s formula contains not
only the distance between the charges as a parameter, but also
the relative velocity and the relative acceleration.

Since Weber electrodynamics is only a force law without
fields, it is immediately obvious that it is not suitable for
explaining electromagnetic waves. However, and this must
be emphasized, this is not a principle-related deficiency but
only a result of the fact that Weber electrodynamics was
almost completely forgotten due to the success of the Maxwell
equations. One could even state that it was simply missed to
find the corresponding field equations. Apart from this obvious
shortcoming, it is a remarkably simple and powerful theory
that can probably explain all quasi-stationary effects [7], [2].

The simplest way to get an understanding of Weber electro-
dynamics from a modern point of view is to assume that the
potential energy between two point charges g, and g, at the
locations rg and r, is given by the formula

1

V= s VC(V), (2)
()
with 4 q
Ve(r) = 4f—d 3)
e r

being the classical potential energy of two point charges at
rest with respect to each other. r := ||r|| in this formula is
the distance between the two point charges, i.e. the Euclidean
norm of the distance vector

r=rg—ry. 4)

As usual, the point on top of a symbol indicates the derivative
with respect to time. Consequently, 7 = # - r/r is not the
differential velocity i = i-;—F nor its Euclidean norm. Instead,



7 is the relative velocity, i.e. the velocity with which the two
charges approach or move away from each other on their
connecting line.

v is the Lorentz factor known from special relativity. If the
relative velocity 7 between the two point charges is zero, the
Lorentz factor is one and the usual formula (3) of the potential
energy of a resting point charge in the field of another resting
point charge is obtained.

For small relative velocities 7, as can be verified by calculating
the Taylor series, the approximation

i qs4qd
Vall-—| — 5
( 2c? ) dreyr ©®)
can be obtained. This formula appears for the first time in 1848
in the publications of Wilhelm Weber [2]. The corresponding
force formula for this potential energy is
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and dates back to 1846 [2]. Between Weber force (6) and

potential energy (5) exists, as can be verified in a few steps,
the relation

-V =F-# )

which is an alternative representation of the law of energy
conservation, since the term on the right side represents the
time derivative of the kinetic energy.

The formula (6) expresses the force between two electric
point charges. In the macroscopic world, however, one has
to deal only seldom with point charges, but much more
often with electric currents. An electric current is a multi-
particle phenomenon, for example consists a current in a metal
wire of resting positively charged ions and negatively charged
electrons, which have a average velocity different from zero.

The special feature of Weber’s law of force is that one
can derive Ampere’s force law in its original form without
additional assumptions [1]. This means that the Weber force
is a microscopic explanation for the magnetic forces between
arbitrarily shaped conductor loops. This is really remarkable,
considering the simplicity of the expression of the potential
energy (2) and realizing that one can work completely without
vector potential, magnetic field and Lorentz force (1).

It should also be mentioned that the Weber force satisfies
the conservation laws of momentum, angular momentum and
energy. The Liénard-Schwarzschild force (equation (8) in
[2]), i.e. the counterpart following from Maxwell’s equations,
violates these and seems little plausible.

The next section describes an experiment in which an un-
usual aspect of Weber electrodynamics comes into play. The
succeeding section examines the effect then by means of a
detailed theoretical analysis.

II. EXPERIMENT
A. Concept

The basic concept of the experiment is to determine whether
charge carriers moving very fast sideways past the plate of a

Figure 1. Principle of the experiment: It is to be determined whether during
charging and discharging of the capacitor (left) a force is generated on fast
moving charge carriers in a tube (right), which is proportional to the velocity
and acts in the direction of motion.

Figure 2. Measuring board: (A) Connection for a DC high voltage to operate
the tube, (B) Measuring connector, (C) Input feed to the transmit antenna,
(D) Capacitor as transmit antenna, (E) Receiver tube, (F) Shielded receiver
circuit.

capacitor perceive a force in their direction of motion when
the plate capacitor is charged and discharged by an alternating
current. The figure 1 shows the principle of the experiment.

As the sketch suggests, a long tube is placed close to one
of the plates of a plate capacitor, in which fast electrons are
moving. It is obvious that the capacitor on the left side of
the figure acts as an antenna and radiates an electromagnetic
wave. However, the exact shape of the electromagnetic wave
is irrelevant for the experiment, because neither the magnetic
nor the electric field are able to generate a force or voltage in
the tube, which would be proportional to the velocity of the
charge carriers in the tube.

B. Implementation

The experiment was performed by means of a 6.0cmx 10.5 cm
double-layer printed circuit board with a thickness of 1 mm
made of FR4. The figure (2) shows a photo.

As the figure 2 shows, there are three BNC connectors on
the board, where (A) is for connecting a 900 V DC voltage to
operate the tube (E). The BNC socket (B) is the connection
for the oscilloscope. Socket (C) is for connecting a waveform
generator to capacitor (D), which is comb-shaped both on top
and bottom of the board and has a capacitance of mathemati-
cally 37 pF. The reasons for choosing this particular shape of
capacitor will become clear in the theory section of this article.



Figure 3. Printed circuit board with receiver and transmit capacitor. The top
side is shown in red, the bottom side in blue

The metal case (F) in the figure below on the right contains
a few components which are shielded against electromagnetic
interference. The ground of the housing is connected with that
of the sockets (A) and (B), but not with that of socket (C).

The tube (E) is a CCFL (Cold-cathode fluorescent lamp) of
the type BF2661-24B from the manufacturer JKL, which emits
UV radiation of the wavelength 4 = 253.7nm [8]. A CCFL
is a type of tube in which the electrons are drawn from the
cathode only by the high intensity of the electric field. Since
there is no vacuum in the tube but a gas, the velocity v of the
electrons is not proportional to the applied voltage and can
only be estimated to about 0.76 percent of the vacuum light
speed ¢ with equation

1
zmevzzh% (8)

(m, - mass of the electron, & - Planck constant). This type
of tube was chosen because the external dimensions imposed
tight constraints and a sufficiently thin tube with a Wehnelt
cylinder and without gas filling was not available as a com-
ponent.

Figure 3 shows the layout of the two-layer PCB, with the
top layer shown in red and the bottom layer in blue. The
corresponding circuit without the capacitor (D) serving as
transmit antenna is shown in figure 4. It consists only of a
load resistor R1 which limits the current through the tube to
1.39mA, and a passive high-pass filter consisting of a high-
voltage capacitor C1 and a resistor R2 which decouples the
measurement connector (B) from the high voltage and filters
out frequencies below of about 1 MHz.

The components R1, R2 and C1 are located under a shielded
metal housing and above a ground plane on the bottom side of
the PCB. The traces outside the housing were designed to be
as short as possible. Furthermore, care was taken to minimize
the area of the receiving antenna’s conductor loop. However,
some compromises had to be made here, since the high voltage
imposed minimum distances.
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Figure 4. Circuit of the receiver without transmit capacitor
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Figure 5. Measured amplitudes as function of the transmission frequency:
(A) without tube, (B) with tube but without high voltage, (C) with tube and
high voltage switched on.

C. Results

The first measurement of the experiment was performed
without the tube soldered in to determine how strongly the
feed line of the tube would act as an electrical antenna
for parasitic longitudinal electric fields. For this purpose, a
sinusoidal voltage with a amplitude of 2.5V in the range
between 20 and 60 MHz was applied to the BNC socket (C).
The result is shown in figure 5 as a black solid line (A).
It could be observed that it did not matter whether the high
voltage was switched on or off, since the measured curve was
almost identical in both cases. It should be mentioned that the
amplitude of the measured signal frequency was two to three
orders of magnitude higher than that of interfering frequencies
and was therefore clearly distinguishable.

After installation of the tube, the experiment was repeated
again with the high voltage source switched on and off. The
results are shown as the curves (B) and (C) in Figure 5, where
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Figure 6. The measured voltage difference between the high voltage switched
off and on. The dashed curves indicate the 3 o confidence interval. The thin
line is a linear fit of the measured curve. The slope corresponds to 11.1 pV/Hz.

curve (B) was measured with the high voltage switched off.
As can be seen, even with the tube turned off, the amplitude
generally increased by about 1.5mV compared to curve (A).
This is quite in line with expectations, since the gas in the tube
can be polarized and consequently reacts to parasitic electric
fields in the longitudinal direction of the tube.

However, it is remarkable that the amplitudes were further
increased when the high voltage was switched on, i.e. when
the electrons in the tube were moving with a speed of about
0.0076 c. This cannot be explained with the longitudinal elec-
tric field component, since the electric force does not depend
on the velocity of the charge carriers and a magnetic field
cannot accelerate charge carriers in the direction of motion.

Moreover, if we calculate the difference of the curves (C) and
(B), we obtain the curve of figure 6, in which we can see a
linear frequency dependence. This is consistent with Weber
electrodynamics, as will become evident in the theory section.

III. THEORY
A. Current in the transmitter

To analyze the experiment, we first need the current i(x,?)
in the transmit capacitor (D) in figure 2. A single tooth of
the comb-shaped capacitor can be interpreted schematically,
as shown in figure 1, as a biplanar microstrip with a sinusoidal
AC voltage u(t) = u(x = 0,1) = Uy ¢'“" with amplitude U, and
angular frequency w applied to its input at x = 0.

For the calculation of the current, the microstrip is considered
as an unterminated transmission line. Therefore, the telegra-
pher’s equations apply and it is possible to use equation (15)
from [9] for the calculation of the transfer function. Since
the line is unterminated in this specific case, the termination
impedance is Zy — oo. Hence, equation (15) from [9]
simplifies to

cosh ((1 - %) f—)
0
H =

)
P

ZL
%

cosh (l

In this,

Z =iwl (10)

is the series impedance with L’ being the inductance per meter
and
1

7 = ——, 11
e jwC (In

with C’ as the capacitance per meter. The series resistance is
neglected as irrelevant.

Equation (16) in [9] provides the voltage

u(x,t) = HUye'®' (12)

along the microstrip. Equation (20) gives the current

1 0H
i(x,t) = __0_

U eia)l'
Zax °

13)

Substituting the equation (9) gives

cos ( VL' C" w(l - x))
cos ( vL' C’ a)l)

u(x, 1) = Upe'®! (14)

and

7 sin (VI C w (i - A
i(x,t)z\/gsm( - x))erl(w”%). (15)

cos ( VL' C'w l)

The maximum frequency in the experiment was 60 MHz,
which corresponds to a wavelength of 5m. Since this was
very large compared to the length / = 3cm of the capacitor,
voltage (14) and current (15) can be approximated by the first
order Taylor series with respect to w. This simplifies the two
equations to

u(x,t) ~ u(t) = Uy e'®! (16)

and

i(x,0) ~ C' w(l - x)Uye @*?), (17)

As can be seen, the voltage in the capacitor is everywhere
exactly equal to the input voltage. However, as expected, the
current decreases linearly and disappears at the end of the
line. Furthermore, it can be seen that the current precedes the
voltage by 90° and that the inductance per meter L’ has no
effect. For the capacitance per meter C’ applies

A L

—g )

(18)

since it is a simple plate capacitor, with €. being the relative
permittivity of the medium between the plates. Using the
parameters of the experiment €, = 4, w = 1 mm (width of one
of the 35 teeth) and g = 1 mm, we obtain C’ = 35.4 pF/m.



B. Force caused by a current element

It is well known that the current in a metallic wire consists of
electrons moving with a drift velocity . The metal ions, on
the other hand, which compensate the negative charge of the
electrons towards the outside, are at rest. The force of a short
segment of the wire of length { at the origin of the coordinate
system onto a test charge ¢ is then the sum of the Weber forces
of all resting metal ions and all moving electrons which are
contained in this piece of wire.

This force shall now be calculated. For this purpose, first
the formula of the Weber force (6) is converted into a better
practicable form. Let v := 7 be the first time derivative of the
distance vector (4) and 7 := a = ¥ the second derivative. This
then allows us to set up the equations

d r-v
= — r=— 19
i & r-r (19)
and s s
od. v r-a (r-v)
= —j=—4+ — — . 20
4 dtr r+ r r3 (20

Substituting this into the Weber force (6), we obtain for a ~ 0
the force formula in vector notation:

¥ 3 (ruv\?
F(Qs,Qdar,U):(l-i-—z——(_ _))
c 2\rec

4sdd L
drey r3’

2n

It is now assumed that there are n electrons moving in the
piece of wire. The total force Fr of the wire segment onto
the test charge ¢ moving with the velocity v at location r is
then

Fr =F(-ne,q,r,v—u)+ F(ne,q,r,v)
_enq r (wr)?
T 82enm 2

20 +4uv

(ur) (vr)) (22)
~6).
r

Since the drift velocities # in metallic conductors are very
small, all terms of order O(u?) can be neglected and, using

the relation yy = 1/(c? &) and due to i := —-neu/l, the
approximation
Fo(ri)~ 2408 T (3U00@0D 000, (23)
4 73 r2

is obtained. This corresponds to Ampere’s original force law
of 1822 [3], but not the Biot-Savart law in combination with
the Lorentz force. [6].

C. Induced voltage in the tube

The previously derived formula (23) can now be used to
calculate the force that the total current (17) in the two strip
lines of figure 1 produces on the test charge ¢ in the tube next
to the capacitor.

For simplicity, it is assumed that the microstrips are so narrow
that the current can be considered as a line current. In this case,
the force F, of the upper microstrip on a charge at location r
is

!
F, = %fFT(r — xey, i(x)e,)dx. 24)
0

However, since the test charges are only inside of the tube,
it holds that r = /e, + ye,, with y being the only variable
parameter. The force F; of the lower microstrip can be
calculated analogously and we get

]
Fi=7 [ Fro- e -ged-itendr.  25)
0

It should be noted that the lower microstrip is not only shifted
downward by g, but that the current also flows in the opposite
direction.

The total force F onto the test charge is the sum of the two
forces. Inserting the equation of the current (17) and solving
the integrals gives the equation

1 P
Fe,= —C PuyqUovwaly) e @3 (26)
47

for the y-component of the total force. The auxiliary function
a(y) was introduced for readability and is defined by the
equation

1 v
P +y»)¥2 (g +y)G + P +y?)¥?

ay) := 27)

If a charge ¢ is now thought to be guided along the tube with
velocity v, work is performed on this charge. Electric voltage
U is defined as work per charge, i.e. it can be calculated by
solving the integral

+00

1
Uz—fFeydy.
q

—0o0

(28)

The integration limits of —oo to +oo can be motivated by
the fact that work is performed only in the vicinity of the
microstrip, and integration at a greater distance does not
contribute.

By substituting the equation (26) follows

U=

+00
1 H n
Ec’mo Ugvwe (@r+3) f ady. (29

The calculation of the integral is straightforward and we obtain

+00

2g g

v/
fa’(y) dy = 7 aI'CCOS[W] ~ B

—00

(30)

with the approximation being valid when ¢ is significantly
smaller than /, which is the case in the experiment.

If we now substitute this into equation (29) and compute the
absolute value, so we get for the induced voltage an amplitude
of

~ 1
U=ZC'g,uoUovu). (31)

This means the following: If Ampere’s force law is valid in
its original form, then in addition to the high DC voltage
which accelerates the electrons in the tube, there must also
be a small AC voltage with amplitude U which is induced
by the influence of the capacitor and which depends linearly



on the velocity v of the electrons and linearly on the angular
frequency w = 2 f of the transmitter. But if the Lorentz force
(1) is valid, then this voltage must not exist.

In total, the capacitor had 35 of such teeth. Taking this into
account and substituting the other parameters

e C' =354pF/m

e g=1mm

. U() =25V

o 0= 0.0076 ¢ ~ 2280000 m/s

of the experiment into the equation (31), we find that the tube
acts like an additional voltage source with an amplitude of
about 13.9 pV/Hz. At a frequency of 20 MHz, this corresponds
to a voltage of 0.28 mV. At 60 MHz, on the other hand, a
voltage of 0.83mV can be expected.

Considering the approximations and uncertainties regarding
the properties of the used CCFL tube, this agrees surprisingly
well with the measurement results of the experiment, because
the function that was estimated from the measured data was
U(f) ~ 11.1pV/Hz - f. This is very close to the theoretically
estimated value and represents a relative error of only 0.2. This
error is reduced even further if the length of the tube and the
lateral displacements of the microstrips relative to the tube are
also taken into account.

IV. SUMMARY AND CONCLUSION

Two things became apparent in this article:

The first point is purely theoretical and consists once more in
the conclusion that Ampere’s force law in its original form is
by no means compatible in all aspects with the Biot-Savart
law and with modern electrodynamics, since the latter, for
structural reasons, cannot describe a force component which
is both proportional to the velocity of the test charge and
parallel to the direction of motion [6]. However, Ampere’s
original force law does contain such force components, as has
been shown mathematically. This means that the statement
that the Biot-Savart law would be equivalent together with
the Lorentz force must be clearly rejected already for purely
formal reasons.

The second insight of this article arises from the measurement
results of the performed experiment, because they fit remark-
ably well with the predictions of Weber electrodynamics and
Ampere’s original force law. However, the experiment should
be repeated with a type of tube, that allows to adjust the
velocity of the electrons. But as limited as the experiment
was, it clearly shows that it is necessary to critically question
modern electrodynamics and to design near-field experiments
that can distinguish Weber electrodynamics from the modern
version.

If it should be finally confirmed in future experiments that
in the near field the Weber electrodynamics applies — and
there was recently another indication [4] —, this would be of
enormous consequence, since the Maxwell equations represent
the foundation of modern physics. To which extent directly or
indirectly derived statements would keep their validity should

then be a point for intensive research, as well as the finding
of the field equations which are valid for both the near and
the far field.
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