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Abstract. In the year 1855, German physicists Wilhelm Eduard Weber and Rudolf
Kohlrausch performed a landmark experiment of profound significance. By
discharging a Leyden jar (a capacitor), they linked the speed of light to the ratio
between electrostatic and electrodynamic units of charge.
This experiment was electromagnetism’s Rosetta Stone because the result can be
used to, (i) identify the speed of light as the speed of circulation of electric current, (ii)
identify the speed of light as the speed of electromagnetic waves through a dielectric
solid that pervades all of space, while noting that inertial centrifugal force and dipole
fields share in common an inverse cube law in distance. The result can also be used to,
(iii) identify magnetic repulsion as a centrifugal force, and hence to establish the double
helix pattern that characterizes magnetic lines of force.

Weber’s Interpretation
I. Weber and Kohlrausch’s 1855 experiment involved discharging a Leyden jar
(a capacitor) that had been storing a known amount of charge in electrostatic
units, and then seeing how long it took for a unit of electric current, as measured
in electrodynamic units, to produce the same deflection in a galvanometer [1].
From these readings they discovered that the ratio of the two systems of units
was equal to c√2 where c is the directly measured speed of light, although it’s
not clear that they immediately noticed the numerical value of c explicitly. Had
they however used electromagnetic units instead of electrodynamic units for the
electric current, the result would have stood out as c exactly.
In order to make sense out of this result, Weber looked to the convective
term, ṙ2/C2, (equivalent to v2/C2) in the force equation that he had proposed nine
years earlier in 1846. This equation takes the form,

F = kQ1Q2/r2[1 − ṙ2/C2 + 2rr̈ /C2]

(1)

where C is known as Weber’s constant. Weber considered C to be a kind of
reducing velocity such that when v = ṙ = C, the electrostatic force will be
cancelled, and he identified C with the numerical ratio c√2 that he had obtained
in the above-mentioned experiment. If we ignore the obvious error in equation
(1), which is that the convective term should really be transverse and not radial,
then this term takes on the form of a centrifugal force, [2], written as a
proportion of the value of the electrostatic force that it is undermining. Weber’s
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constant therefore becomes a reducing velocity at which the magnetic repulsion
(centrifugal force) balances with an attractive electrostatic force. This is the
same principle that is observed in planetary orbits.

Kirchhoff’s Interpretation
II. It’s not clear when exactly Weber and Kohlrausch first noticed the
connection between C and c, but in 1857, Gustav Robert Kirchhoff, using
Weber’s constant in the standard equations of electromagnetism [3], concluded
that electric signals propagate along a conducting wire at the speed of light. This
would be the case if pressure changes in an electric current were to be carried
with the flow, providing that the flow speed was equal to the speed of light, but
this is not the basis upon which Kirchhoff derived his conclusion. Kirchhoff’s
derivation will be discussed at the end in the conclusion section in connection
with Maxwell’s displacement current.

Maxwell’s Interpretation
III. In Part I of his 1861 paper “On Physical Lines of Force” [4], James Clerk
Maxwell attempted to physically construct the magnetic field and to then
account for the magnetic forces using the idea that space is filled with tiny
aethereal vortices that press against each other with centrifugal force while
striving to dilate [4], [5], [6]. Equation (77) in this paper is an electromotive force
equation containing a convective term µv×H, which is nowadays unduly
credited to Lorentz. This convective term is clearly the centrifugal force that is
implicit in Weber’s force equation. This is the correct form for the convective
term in equation (1). Maxwell’s sea of tiny vortices therefore rationalizes
Weber’s interpretation of the 1855 experiment.
In Part III of the same paper, which is a section on electrostatics, Maxwell,
convinced that we were dealing with a wave, set out to link the Weber constant
to the transverse elasticity of his sea of tiny vortices, and in doing so, the sea of
vortices ended up doubling for a dielectric solid. Maxwell considered the
electric displacement that would arise in a dielectric in the vicinity of an
electrified body. In this way he was able to establish a relationship between the
dielectric constant and the coefficient in Coulomb’s law when expressed in
electromagnetic units of charge. The manner in which Maxwell demonstrated
this follows closely on Faraday’s ice pale experiment. When a charge is placed
inside a hollow conducting sphere, the charge induced on the outside of the
sphere is equal to the charge inside the sphere. The electrostatic force E causing
the displacement D in the conducting material satisfies D = εE, where ε is the
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electric permittivity in space. This is a form of Hooke’s law and it is Maxwell’s
fifth equation in his original set of eight published in 1865 [7], although Maxwell
worked with the dielectric constant which is reciprocally related to the electric
permittivity. Since the displacement in the spherical conducting shell is qr̂/4πr2,
where q is the electric charge inside the shell and 4πr2 the surface area of a
sphere, it follows that E = qr̂/4πεr2, and therefore we can write Coulomb’s law
in electromagnetic units of charge in the form F = q1q2r̂/4πεr2. Between
equations (116) and (129) in his 1861 paper, Maxwell in effect applied this
reasoning to the surrounding dielectric solid itself.
In electrostatic units of charge, Coulomb’s law is written as F = Q1Q2r̂/r2.
From the 1855 Weber-Kohlrausch experiment, let the speed of light c be the
ratio of electrostatic to electromagnetic units of charge, hence Q1/q1 = c. It then
follows from substation and comparison that c2 = 1/4πε. The speed of light has
therefore been directly related to the elasticity of a dielectric medium. In
electromagnetic units of charge, the magnetic permeability µ is unity, and since
this relates to the magnetic flux density of the sea of molecular vortices, the
equation c2 = 1/4πµε, being elasticity divided by density, becomes Newton’s
equation for the speed of a wave in an elastic solid. However, in SI units, the
coefficient in the Biot-Savart law is µ/4π and so the 4π cancels and we end up
with c2 = 1/µε. This equation is equivalent to E = mc2 in the context of
electromagnetic waves, probably the only context in which it ever exists.

Conclusion
IV. Kirchhoff would have had no concept of displacement current in space
because he believed that he was working on the signal within a conducting wire.
He did however use the capacitance equation Q = CV which introduces the
equivalent maths, bringing the permittivity into the mix, hence enabling
Kirchhoff to establish the linkage to the speed of light through the 1855 WeberKohlrausch experiment. It is commonly believed that Kirchhoff’s telegrapher’s
equation relates to the speed of an electric signal in a conducting wire. But since
capacitance acts perpendicularly to the conducting surfaces and since the
current is not being powered by the self-induced back EMF, it’s hard to see how
this can be so. On the other hand, since experiments tend to confirm that the
speed of an electric signal along a wire is indeed in the order of the speed of
light, it would seem like a coincidence if the telegrapher’s equation isn’t in fact
applicable in the context.
The problem might be resolved to some degree by returning to the older
idea that electric current in a conducting wire primarily constitutes the flow of
an aethereal fluid. It is proposed that this electric fluid emerges from positive
particle sources and disappears into negative particle sinks, and at an average
speed in the order of the speed of light. Between the terminals of a battery,
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positive particles in the conducting wire would be accelerated with the flow,
while negative particles would eat their way in the opposite direction, but these
particles would never reach the speed of the aether flow itself due to the circuit
resistance R. We know that drift velocities are nowhere near the speed of light
and so we should not consider the motion of charged particles to be the primary
essence of electric current. However, if we consider electric current to be
primarily an aethereal fluid, then changes in pressure (voltage) in an electric
current would be propagated with the current flow at speeds in the order of the
speed of light.
Wireless and cable telegraphy could then be reconciled on the basis that
EM radiation in space is simply electric current passing at the speed of light
between tiny neighbouring aethereal vortices that are acting as miniature
electric circuits and filling all of space, while aligned along their mutual rotation
axes as per the prevailing magnetic field [8]. The vector A, nowadays known as
the magnetic vector potential, and where ∇×A = µH, would then become an
electric fluid momentum equivalent to Maxwell’s displacement current [9].
The sea of molecular vortices advocated by Maxwell in Parts I and II of his
1861 paper can be reconciled with the dielectric solid advocated in Part III of
the same paper by making the vortices into rotating electron-positron dipoles,
hence leading to “The Double Helix Theory of the Magnetic Field” [10], [11].
Electromagnetic waves will not actually be due to dielectric polarization in a
radial electrostatic field, but rather due to the EM induction force E = −∂A/∂t
acting transversely on the rotating dipoles. The elasticity will nevertheless be
the same in each case, because in both cases we will be dealing with a torque
acting on rotating dipoles.
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