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The Use of Finite Differences on Electric Currents Gives
Credit to Coulomb’s Law as Causing Electromagnetic
Forces, thereby Explaining Electromagnetic Induction

Jan Olof Jonson

Abstract—Using differential calculus rigorously on electric
currents, thereby using the method of finite elements, it has
been possible to derive expressions for the total
electromagnetic force between two electric currents, based
solely on Coulomb’s law, thereby applying the effects of
propagation delay. These results, explored in earlier
publications, have been used in order to attain a new
explanation  to  electromagnetic  induction, thereby
simultaneously rejecting Faraday’s Law of Induction. It is
being shown that Faraday’s Law of Induction fails to account
for the behavior of the induced signal in a secondary loop of a
typical transformer circuit, since it has been found a
mathematical deficiency in the traditional analysis of electric
measurements, which implies a phase fault. Instead it is
successfully being shown that the usage of the Displacement
Current Density, based on Coulomb’s Law, and the Continuity
Equation of Electricity are able to account for the correct
phase behavior.

Index Terms—Coulomb’s law, Faraday’s law of induction,
the displacement current density, the continuity equation of
electricity, new definition of propagation delay, transformer
circuit, wrong analysis of measurements

l. INTRODUCTION

In an earlier publication it has successfully been shown
that the electromagnetic force between two current carrying
conductors can satisfactorily be explained using Coulomb’s
original force law of 1785 [1]

It was not needed to use the Lorentz Force. Furthermore,
the Lorentz force even fails to predict the qualitative
behavior of the force within Ampere’s Bridge, as measured
by Pappas and Moyssides in the early 1980°s [2]. The
Lorentz force gives no dependence of the wire thickness,
whereas Coulomb’s law does, thereby being in accordance
with measurements [3].

It was in this connection not necessary to involve any
magnetic fields, contrary to common practice. The new
theory is unique in that it is based on Coulomb’s law and it
therefore implies a simpler explanation to induction. A
consequence of the discovery that it is the electrostatic field
according to Coulomb’s law that is responsible for the
electromagnetic force also between electric currents, is that
electrostatics may also be used in order to explain
electromagnetic induction. Of course it does not sound very
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strictly to speak of ‘electrostatics’ in cases, where charges
are moving, but it is the originally electrostatic laws, which
appear to be usable also in the electrodynamics cases,
without involving any additional use of magnetic fields.
Coulombs’ law combined with the ‘Continuity Equation of
Electricity’ can give credit to the induced current in the
secondary circuit of a transformer circuit.

II. How CouLomB’s LAwW CAN BE USED IN
EXPLAINING THE FORCE BETWEEN ELECTRIC CURRENTS

In a paper 1997 [1] the electromagnetic force between
two current carrying conductors has been derived using
solely Coulomb’s law, instead of using Biot-Savart’s law
and the Lorentz force law. Coulomb’s law is applied directly
on the point charges, which constitute the respective current,
thereby taking into account the effects of the different
propagation delay between different parts of the respective
conductors [3]. Contrary to the customary description of the
effects of propagation delay and retarded action as explored
by Jackson [4], propagation delay will appear both with
respect to the sending point and the target point of the
electric force vector. When the propagation delay is derived
in that way, the force between electric currents, usually
ascribed the Lorentz force law, can be derived, solely using
Coulomb’s law. Jackson is exploring the current view [4],
saying that (thereby treating the usage of the Liénard-
Wiechert potentials) that the “quantity in the brackets is to
be evaluated at the retarded time”. This approach is
repeated, when deriving the electric field as well [5]. To
conclude, the customary method only takes into account the
retardation effects with respect to the starting point of
propagation, thereby completely missing the effects when a
propagated field arrives at the current with which it is
reacting. Hence, he is talking only about retardation with
respect to the point at a current, from which action is being
propagated. Furthermore, that the new interpretation of
Coulomb’s law described above [3] is usable, is shown by
other experiments. It has for example been possible to
derive the electromagnetic force between the two parts of a
set of Ampére’s Bridge correctly, whereas the Lorentz force
law fails. So there is strong experimental evidence
supporting this new interpretation of Coulomb’s law. This is
the basis for applying Coulomb’s law also on the case of
electromagnetic induction, which will be done in the
following. A theory that fails in one case must be abandoned
and replaced by a new theory, being able to explain the
measurements.
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I1l. DERIVING AN EXPRESSION FOR ELECTROMAGNETIC
INDUCTION

A. The Analysis of a Primary Circuit

It will be assumed a simple transformer circuit, with a
voltage generator with negligible inner impedance, a
primary winding and a volt meter attached parallel to the
voltage generator with attached primary winding. For
simplicity, no iron or ferrite core has been applied. This
gives rise to the following figure.
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Fig. 1. The primary side of a transformer circuit

Since it has been claimed [6] that a volt meter reacts on
the current that goes through it, it is therefore of interest to

now define that current, giving it the name | ;. Using the

standard formalism within electric circuit theory, referring
to sine signals, one will attain
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Analyzing the behavior of this filter function with respect
to the applied frequency, it is reasonable to assume that the
frequency is well below the breakdown level with respect to
the inner capacitance of the volt meter/oscilloscope. This
assumption leads to the approximation valid for middle
range frequencies up to the border frequency being of
order1/R,C,.
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Too low frequencies have to be avoided due to the
shortcut effect of the inductor in that case. In a more formal
way one would speak of a “band pass filter function’.

During these circumstances there will be no phase
difference between current and voltage with respect to the
volt meter.

B. Implications for the Secondary Circuit

The secondary circuit of a simple transformer circuit has
been analyzed elsewhere [6]. Due to the discoveries
concerning the usability of the relationship between the

Electric Displacement and the induced current described in
that paper, a current will be induced in any conductor which
is affected by a varying electric displacement, independently
of where this field has been generated. This statement makes
it possible to abandon the idea of ‘magnetic fields’, whose
time variation is supposed to give rise to an induced emf
(electromotive force) in a secondary winding, according to
today’s widely recognized theory.

Accordingly, in the secondary winding, a current |, is

induced according to the law of the Electric Displacement,
applied to the actual dimensions of a conducting wire:
g6, A 0V,

I, = @)
L ot

The law of the Electric Displacement originally reads

Y @
ot
thereby neglecting the constant term that appears in the right
hand term in the traditional interpretations. In this simplistic
case no external field sources, constant in time are assumed
to exist.

To be noted is that the common usage of electric
displacement has been in capacitors, or more generally in
non-conducting media.

v, is the potential drop along the secondary winding. If

the primary and secondary windings are close to each other,
and of equal length, on may simply write

V, =k-V, (5)

valid as a good first order approximation, which is sufficient
for this analysis.

Hence, it will not be any substantial phase shift between
the primary and the secondary winding.
In the vicinity of the primary winding there will namely not
appear any substantial potential loss compared to the inner
of itself. For practical reasons the analysis is neglected.

where k is rather close to one,

k=1 (6)
It has been shown elsewhere [7] that the voltage v, of the

volt meter applied to the secondary circuit will show a
signal lagging 90 degrees behind the voltageV, , induced in

the secondary winding. The figure describing this scenario
is repeated here [8].

2

Fig. 2. Schematic of the secondary circuit of a typical, simplistic
transformer circuit [6]
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Since v, will be approximately in phase with v, , as a

consequence of Eq. (5) above, and the displayed voltage in
the latter case will be proportional to the current |, that is

going through it, as a consequence of Eg. (2) above, the
displayed voltage v, of the secondary circuit will lag 90°

behind the displayed voltage V, of the primary circuit.

Hence, the total phase shift from the original voltage to
the output voltage, as recorded by volt meters or
oscilloscopes will be - 90<

In the same paper it was also shown that the phase shift
that would occur, provided the Induction Law was to be
valid, would be - 180<[9], which does not fit with reality.

C. Other Critics of Faraday’s Law of Induction

Wells [10], [11] is presenting several critical points
against Faraday’s law of induction. He claims that Faraday’s
law and especially its expression through Maxwell’s fourth
equation, directly violate both conservation laws, the First
Law of Thermodynamics and the Third Law of Motion.

Kholmetskii [12] is critical against Faraday’s law of
induction, claiming that there will appear internal
electromagnetic fields within a conducting circuit which
implies a violation of Faraday’s law.

Macleod [13] discusses the related phenomenon of
unipolar induction, referring to a series of experiments
showing that, contrary to common view, that the source of
the emf generated by rotation of a conductive disk, having a
cylindrically symmetrical magnet attached coaxially to it, is
situated in the disk, not in the external galvanometer circuit.

Heras [14] discusses the true nature of the displacement
current in connection with Faraday’s induction. This is
especially interesting, since the actual conference paper
makes use of the displacement current in order to explain
electromagnetic induction.

IV. CONCLUSIONS

Two fundamental discoveries have been further explored
here; firstly that a time-varying electric field gives rise to an
induced current in a secondary winding provided it is a part
of a closed; secondly that the secondary circuit can be
described mainly in terms of capacitances. It was possible to
derive the secondary current in the described way if using
earlier results concerning the more general applicability of
Coulomb’s Law, thereby rejecting the very existence of
separate ‘magnetic fields’. The application of a capacitance
in order to describe the generation of the electric current in
the secondary winding was a consequence of the usage of
the Law of electric Displacement. This in turn implied an
additional 90 degrees phase shift compared to the
commonplace model of a transformer circuit, and, hence the
Induction Law brings about a 90 degrees to large phase
shift, but the recently discovered model is able to account
for the usual 90 degrees phase shift.

The deeper consequence of these combined results
described above is that the commonplace model of today
must be rejected and that new corroborative arguments have
been set forth favoring the new Coulomb based model.
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V. UNITs
vV, Voltage of the primary voltage source
C, The inner capacitance of a volt meter attached to the

primary voltage source
R, The inner resistance of a volt meter attached to the

primary voltage source

v Volt meter

L The inductance of the primary winding

I, The current that goes through the volt meter of the
primary circuit

o Angular frequency of the signal of the primary voltage
source

I, The current that is induced in the secondary winding

g, Vacuum permittivity

&, Relative permittivity

A Area of the conducting the secondary winding

Vv, The electric potential drop along the secondary
winding

K Numerical
between v, and Vv,

t Time

I Current density in the secondary winding

D Electric displacement field inside the secondary
winding

Cq, The equivalent capacitance of the total secondary

constant defining the proportionality

circuit, including both the secondary winding and the volt
meter or oscilloscope
c, The equivalent capacitance of the attached volt meter

or oscilloscope
v, Registered voltage of an applied volt meter or

oscilloscope, connected to the secondary winding
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