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Abstract. Even though Scottish physicist James Clerk Maxwell is credited
with having united optics and electromagnetism in the 1860s, the Germans
had already linked the speed of light to electricity in the 1850s. Those with
a negative opinion about Maxwell often like to point out that Gustav
Kirchhoff derived the Telegrapher’s Equations in 1857 without any need
for Maxwell’s displacement current. This article will take a closer look at
the respective roles of both Kirchhoff and Maxwell in this matter.
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Introduction

I. While German physicist Gustav Kirchhoff, in 1857, had no knowledge of
Maxwell’s displacement current, he is nevertheless credited with the
Telegrapher’s equations which are mathematically equivalent to Maxwell’s
electromagnetic wave equations which appeared a few years later, [1]. They
differ only in the physical context in which they apply. Kirchhoff believed that
they applied to the propagation of electric signals along a conducting wire,
whereas Maxwell believed that they applied to wireless radiation in space,
which he believed was densely packed with tiny aethereal vortices, [2].

Capacitance and Displacement Current

I1. In the absence of displacement current, Kirchhoff relied on the concept of
capacitance, and he had already identified the speed of light in his calculations
through a ratio established in the 1855 Weber-Kohlrausch experiment, [3], [4].
The equation for electric current in a charging or discharging capacitor is
mathematically identical to Maxwell’s displacement current. Maxwell,
meanwhile, also relied on the Weber-Kohlrausch experiment in order to involve
the speed of light in his calculations. He then simply applied the capacitance
concept to linear polarization in a dielectric, and in doing so he changed the
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context of the telegrapher’s equations from that of laboratory electric circuits to
that of wireless radiation in space. Maxwell considered his sea of tiny vortices
to be dielectric.

Electric Inductance

I11. Kirchhoff’s error seems to have been, that when he was deriving the wave
equations, he merged capacitance and inductance on the laboratory scale. While
doing substitutions in his equations, he failed to distinguish between electric
field terms that were capacitance-induced from those arising due to time-
varying electromagnetic induction. Maxwell, on the other hand, in his 1865
paper, [5], switched from a capacitance-based displacement current to an
inductance-based displacement current. The wave equations became entirely
based on the time-varying electromagnetic induction process being relayed
through space by the elasticity of the wave-carrying medium.

Conclusion

V. The 1855 Weber-Kohlrausch experiment, if properly interpreted, [41, with
the velocity term in Weber’s 1846 force equation being treated as a reducing
velocity, suggests that the speed of light is primarily the speed of electric
current, and that electric current at the most fundamental level is a
unidirectional aethereal flow, and that the accompanying motion of charged
particles is merely a side effect. While in 1857, Gustav Kirchhoff established
that electric signals propagate along a wire at the speed of light, he failed to
clarify that this is just because changes in the voltage are carried along with the
flow, similar to how a change in the pressure of the water in a hosepipe is
carried along with the flow, and that we are not dealing with a wave in the sense
of it being a propagated disturbance through an elastic medium.

So, while the electromagnetic wave equations can only be derived in the
context of time-varying electromagnetic induction, these same equations could
still nevertheless be applied mathematically to AC pulses propagating along a
transmission line, due to the fact that electric current at the most fundamental
level is an aethereal fluid flowing at a speed in the order of the speed of light.
The speed of light is primarily the speed of electricity, and Maxwell
meanwhile, by applying the wave equations to wireless radiation in space, was
in effect showing that these waves are primarily a relay of tiny aethereal electric
currents, swirling from vortex to vortex through a dense all-pervading sea of
tiny aethereal vortices that fills all of space, [2], (6], [71, [8], [9], [10].
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