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Abstract

There are attempts to describe theoretically experiments obtaining a superluminal propagation of electromagnetic fields by means of the v-gauge. In this gauge, the scalar potential obeys a wave equation with arbitrary speed of propagation, v. A careful inspection shows, however, that this effect is compensated by the propagation of the Helmholtz-longitudinal (irrotational) component of the vector potential such, that the Helmholtz-longitudinal component of the electrical field strength, E, is independent of v, as it must be according to the very meaning of the notion ‘gauge’. 

Generally speaking, the Helmholtz decomposition explains ‘Rohrlich’s paradox’ as being independent of the gauge, but does not really contribute to the issue of instantaneous propagation. For the instantaneous character of the Helmholtz-transverse (rotational) component of the current density compensates the instantaneous propagation of the Helmholtz-longitudinal component of E.

For this, we return to the concept of field lines as a mean to visualize the fields, not to replace the fields.

In his textbook, Gustav Mie states, that the radiation field consists solely of transverse electrical field lines, which are closed. The longitudinal field lines goes without interruption from the positive to the negative charges; they cannot be expelled. This raises the question about the speed of propagation along them. For this, a mathematical description of Mie’s field lines is developed (the Helmholtz-transverse and longitudinal components of E are non-local auxialiary quantities and thus not suitable for that).

On the other hand, Mie also states, that the propagation of electromagnetic fields is governed by Maxwell’s equations and Poynting’s theorem. Here, however, there is a single wave equation for all vector components of the electrical field. 

Now, according to Mie’s approach to the inhomogeneous ‘rationalized’ Maxwell equations, the flux law is actually an equation solely for the rotational components of the conduction and displacement current densities. For the irrotational components just reproduce the charge conservation (not discussed by Maxwell in full generality). If the irrotational components are projecting out of the flux law, one is left with wave equations for curl E and (as before) B to describe Mie’s transverse field lines, while Mie’s longitudinal field lines would be tied to the charges by virtue of Gauss’ law.

In his famous discussion of the field lines of the oscillating dipole, Heinrich Hertz lets electrical field lines break. One part separates frome the oscillator, while the other part returns to it and vanishes in it. He also writes, that the near-field may virtually propagate with a speed exceeding that of light, although the solution to the Maxwellian equations in vacuo he discusses is wave-like for all vector components of the electrical and magnetic fields. For this, Hertz’s field lines are decomposed into rotational (closed) and irrotational ones (connecting the oscillating charges). These are related to Mie’s transverse and longitudinal field lines.

An improvement of Engelhardt’s setup is proposed to estimate the propagation speed of the longitudinal field component.

