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Abstract. It was German physicist Gustav Robert Kirchhoff in the year 1857 who first 

identified the connection between the speed of light and the speed of electric signals in a 

conducting wire. Meanwhile, although charged particles in a conductor don’t travel at 

anywhere near the speed of light, this is not considered to be a contradiction, because it 

is generally accepted that it is changes in the electric current, and not the electric 

current itself, that are propagated at the speed of light, the assumption being that a 

longitudinal compression wave propagates through the electron cloud in the conducting 

material.  

       The idea of such a compression wave travelling at the speed of light is not however 

very convincing, because it’s unlikely that such a wave would just happen to propagate 

through a cloud of outer shell conduction electrons at exactly the same speed as wireless 

radiation in space, never mind how the same approach would then also apply in an 

electrolytic conducting solution. This matter will therefore be investigated further. 

 

 

                                        The Speed of Light 
 

I. In the year 1857, Kirchhoff identified the speed of light in Weber’s constant. 

This was the first recorded identification of a connection between light and 

electricity, [1]. Weber’s constant was in turn based on the force law that 

Wilhelm Eduard Weber had proposed in 1846, expressed by the equation 

below, where Cw is the constant in question, 

 

F = kq1q2/r2[1 − ṙ2/Cw
2 + 2rr̈/Cw

2]                                                       (1) 
 

       See Appendix I for the key to equation (1). In 1855, along with Rudolf 

Kohlrausch, Weber performed an experiment aimed at enumerating this 

constant, [2], [3], [4]. Based on the rationale behind this experiment, Weber’s 

constant should have been directly connected to the flow speed of electric 

current, since it was based on it being a unidirectional reducing speed. As it was 

though, Weber and Kirchhoff both subscribed to the Fechner hypothesis, [5], in 

which electric current consists of an equal and opposite bi-directional flow of 

oppositely charged particles, and so they would have been distracted from 

making the obvious deduction. It's not that the Fechner hypothesis needs to be 

wrong, but it doesn’t mean that there isn’t also a deeper unidirectional aethereal 

undercurrent involved in electric current, as well as the flow of charged 

particles. 
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       Kirchhoff, meanwhile, was only a few steps away from obtaining the 

telegrapher’s equations that Oliver Heaviside would obtain about thirty years 

later, [6], and he was working with Weber’s equations, where Weber’s constant, 

and hence the speed of light, were firmly planted in the magnetic domain. 

Weber’s constant, Cw, is in fact equal to c√2, where c is the speed of light. 

       Kirchhoff’s context was that of a single electric circuit involving electric 

charge and self-inductance, and an uninterrupted flow of electric current, but he 

made the mistake of criss-crossing the electrostatic field, ES, with the electric 

field of time-varying EM induction, EK, in his mathematical analysis, as though 

they were exactly equivalent for substitution purposes, hence confusing two 

separate physical concepts with each other, and so by rights, he should not have 

been able to derive periodic equations in the manner that he did, [6]. As already 

stated above, it should have been evident from the 1855 Weber-Kohlrausch 

experiment, that electric current itself actually flows at the speed of light, and 

that as such, in a conducting wire, changes in electric current are propagated at 

that speed, with the flow, and not as a wave. Kirchhoff believed that the changes 

propagated as a longitudinal wave, but as explained, his analysis was dubious. 

 

                                

                               Maxwell’s Displacement Current 

II. Maxwell’s displacement current extended electric current beyond conducting 

wires and into space. While Kirchhoff used Weber’s equations, which placed 

the speed of light firmly in the magnetic domain, Maxwell began differently in 

1861, [7]. When Maxwell first conceived of the idea of displacement current, he 

placed the speed of light into the electrostatic domain through its connection 

with the dielectric constant. He made this connection by applying Weber’s 

constant in electromagnetic units. However, when it came to deriving the 

equation for magnetic disturbances in magnetic field intensity in his 1865 paper, 

[8], he had to shift the dielectric constant, now connected directly to the speed of 

light, into time-varying EM induction. And so, as in the case of Kirchhoff, 

Maxwell now had the speed of light entirely within the magnetic domain. But 

unlike in the case of Kirchhoff, Maxwell was inadvertently working in mutual 

inductance between tiny molecular vortices that filled all of space, and so his 

resulting wave equations described the relay of displacement current through 

this sea of miniature electric circuits, [9], [10], [11], [12].  

       Although Maxwell didn’t explicitly identify it, the circumferential speed of 

his vortices would have been the speed of light, [13], and this will be the average 

speed that the aethereal electric current swirls from vortex to vortex during the 

dynamic state, [14], [15]. It’s virtually the same average speed that the 

fundamental electric fluid flows between the two terminals in the conducting 

channels of a laboratory circuit.        
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                                                     Conclusion 

III. Rather than the speed of electric current being equal to the speed of light, it 

is more a matter that the speed of light is primarily the speed of electric current, 

and that light itself is a manifestation of electric current in space. This was the 

conclusion that should have been drawn from the 1855 Weber-Kohlrausch 

experiment as soon as Kirchhoff, in 1857, identified Weber’s constant with the 

speed of light. It was then just a matter of restricting the speed of light within 

the magnetic domain and deriving a wave equation on the basis of mutual 

induction, just as Maxwell demonstrated in his 1865 paper, [8]. By connecting 

the dielectric constant directly to the speed of light through Weber’s constant, 

Maxwell then applied it to time-varying EM induction, and so his displacement 

current took electric current into space as a relay current swirling between tiny 

vortices that densely fill the universe, and which amount to miniature electric 

circuits. 

       Meanwhile, Kirchhoff, and later Heaviside too, while operating within a 

single electric circuit, erred when they criss-crossed the electrostatic field with 

the electric field of time-varying EM induction, as though they were equivalent 

and exactly interchangeable in the analysis. They were in fact mixing two 

separate contexts together, and while Kirchhoff at least kept the speed of light in 

the magnetic domain, through Weber’s equations, Heaviside on the other hand 

split the speed of light between magnetic permeability, μ, and electric 

permittivity, ε, as per the equation, 

 

c2 = 1/με                                                                                              (2) 
 

       and placed permittivity into the realm of capacitance, and hence into the 

realm of electrostatics, †. It’s fine for permittivity to be involved in capacitance 

in the context of capacitors, but not when deriving a wave equation in 

conjunction with EM induction. When doing so, electric permittivity needs to 

be brought into the domain of mutual induction. So, in purporting to derive the 

telegrapher’s equations, Heaviside had in fact inadvertently just derived the 

wireless electromagnetic wave equations using exactly the same dubious 

substitution that the modern textbooks use in both cases. 

       The speed of light is the average speed that the aethereal fluid flows 

between a source (positive particle) and a sink (negative particle). Particle 

motion in electric current is only a secondary effect, with positive particles 

being pushed along with the flow, while negative particles eat their way in the 

opposite direction towards the positive source, but they will never be 

accelerated to anywhere near the speed of light. Meanwhile, the electric 

permittivity of the space surrounding a conducting wire, being a measure of 

displacement current leakage, should affect the speed of the conduction current, 
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hence giving the misleading impression that Heaviside’s telegrapher’s equations 

do actually apply to conduction currents in wires. 

 

† Maxwell also used equation (2), which appears as equation (71) on page 498 

in his 1865 paper, [8]. However, while he equated ε to 4π/k, where k is the 

elasticity coefficient, Maxwell equated μ to unity, which is why equation (46) on 

page 491 in the same paper puts the speed of light directly into the dielectric 

realm. He then transferred the dielectric realm into the realm of time-varying 

EM induction. Meanwhile, Maxwell considered the magnetic permeability, μ, to 

be a measure of density in his sea of molecular vortices, and so equation (2) is 

simply Newton’s equation for the speed of a wave in the elastic medium that 

serves as the carrier of light waves. 
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a quantity of electricity from a charged Leyden jar over to a 13-inch ball that 

was coated with tin foil, and then discharging the remainder through a 

conducting channel. The electrostatic force generated by the charged ball was 

measured using a torsion balance while the magnetic force induced by the 

current, due to the discharge of the Leyden jar, was measured by the deflection 

of the compass needle in a galvanometer. The idea behind the experiment was 

that since the electrostatic force was measured using electrostatic units of 

charge, while the magnetic force was measured using electrodynamic units of 

charge, then the numerical ratio between the two forces would yield the value of 

Cw.  

       The term of major interest in equation (1) is the middle term on the right-

hand-side. This term, ṙ2/Cw
2, is the convective term, where ṙ = Vw. It’s a 

magnetic force which is a kind of centrifugal force, [16], because it is velocity 

dependent and it opposes an electrostatic force of attraction, [17]. Weber 

considered Vw to be the mutual speed between two charged particles, q1, and q2, 

distance r apart, and he saw Cw as a reducing speed such that when Vw = Cw, 

then the electrostatic force would be completely cancelled.  

       Because the experiment begins with two unknowns, Vw, and Cw, it follows 

therefore that there will be a corollary to the discovery of the numerical value of 

Cw. This corollary was never noticed though, perhaps due to the conviction that 

electric current consisted in the equal and opposite flow of charged particles. 

But while that may well be the case, especially when a current is flowing 

through an electrolyte, equation (1) above tells us that when the electrostatic 

and magnetic forces are equal, then Vw must be equal to Cw, and so something 

must be travelling in the discharge wire at speed Cw. Had Weber and 

Kohlrausch used electromagnetic units of charge for the magnetic force instead 

of electrodynamics units, this would have exposed the speed of light directly, 

since Cw is equal to c√2, where c is the speed of light, and so they might then 

have concluded that the reducing speed was in fact very close to this speed. 

Instead, they thought that the reducing speed was significantly greater than the 

speed of light. 

        
 

 

 

 

 

 

 

 

 

  

 

 

 


