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Abstract. An undergraduate student learning about Maxwell’s equations for the first time is 

typically shown, that with the exception of a part of one of these equations, they can be 

derived from first principles with reference to nineteenth century experiments. The 

exception referred to relates to the displacement current term in Ampère’s Circuital Law. 

While the existence of displacement current can be justified retrospectively due to its role in 

the derivation of the electromagnetic wave equations, it’s very difficult to present from first 

principles, a concise theoretical proof of its existence. The normal textbook method is to 

justify its existence in connection with the conservation of electric charge in a charging or 

discharging capacitor, but the major problem with this method is that the displacement 

current term that is so derived is not the term that is used in the derivation of the 

electromagnetic wave equations. The textbook derivation is that of a term involving the 

electrostatic E field, while the E field that is involved in electromagnetic radiation arises 

from time-varying electromagnetic induction. The important question of how to derive the 

latter kind of displacement current will be the focus of this article. 

 

Ampère’s Circuital Law 

I. The textbooks present Ampère’s Circuital Law in the dynamic state, in the 

form, 

 

∇×B = µ(J + ε∂ES/∂t)                                                                          (1) 

 
       where ε∂ES/∂t is said to be Maxwell’s displacement current, with the term 

ES, satisfying Gauss’s Law of Electrostatics, 

 

∇·ES = ρ/ε                                                                                            (2) 

 

       James Clerk Maxwell himself, meanwhile, did derive this electrostatic-based 

form of displacement current in his 1861 paper, “On Physical Lines of Force”, 

[1], and equation (1) above appears as equation (112) in Part III of that paper. 
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While Maxwell justified the existence of the term, ε∂ES/∂t, in connection with 

elastic displacement in a dielectric, the modern textbooks, on the other hand, 

justify it on the basis that it is required to ensure that the divergence of the right-

hand-side of equation (1) remains zero even in the dynamic state. Either way, 

however, it is wrongly supposed that this displacement current is the cause of a 

magnetic field maintaining continuity in the space between the plates of a 

charging or a discharging capacitor. The Biot-Savart Law makes it clear that 

conduction current, J, is exclusively the source of all magnetic fields, and hence 

maintaining unbroken continuity of the magnetic field across the plates of a 

capacitor in the dynamic state, can be no exception. This means that there must 

exist a deeper undercurrent of aethereal electric fluid flowing through the 

dielectric between the two plates during the charging or discharging process, but 

this will not be represented by ε∂ES/∂t. 

       Also, contrary to conventional wisdom, neither is the ε∂ES/∂t term the term 

that Maxwell used in his 1865 paper, “A Dynamical Theory of the 

Electromagnetic Field”, [2], in order to derive the electromagnetic wave 

equation in the magnetic field, H. The displacement current term that was used 

in the 1865 paper for that derivation, involved the electric field, EK, that arises in 

time-varying electromagnetic induction, and apart from knowing that it is 

involved in electromagnetic radiation, there is no way of directly proving its 

existence experimentally. Neither is there any easy way to prove its existence 

theoretically from first principles. This will however be attempted in the 

following sections. 

 

The Lorenz Gauge 

II. Equation (1) in the section above is actually Ampère’s Circuital Law in the 

Lorenz gauge, although the modern textbooks wouldn’t state it as such, and 

neither would Maxwell have used that term. But it’s easy to demonstrate that this 

is the case. We know that B = ∇×A, and so we can write equation (1) in its pure 

hydrodynamical form, 

 

∇×(∇×A) = −∇2A + ∇(∇·A)                                                                 (3) 

 
       Meanwhile, the Lorenz gauge is defined by the equation, 

 

∇·A = −με∂ψ/∂t                                                                                   (4) 
 

       where ψ is the electrostatic scalar potential. Since −∇ψ = ES, then if we 

substitute (4) into (3), we obtain, 

 

∇×(∇×A) = −∇2A + με∂ES/∂t                                                               (5) 



3 

 

       While we have now just confirmed that both Maxwell’s original 

displacement current and the textbook displacement current are a product of the 

Lorenz gauge, this displacement current is not, however, that which Maxwell 

later used to derive the electromagnetic wave equations. It will be shown that the 

displacement current as is used in the derivation of the electromagnetic wave 

equations is in fact included in that other term that appears on the right-hand-side 

of equation (5). We’re talking about −∇2A. In Maxwell’s 1873 Treatise, he 

equated μJ to −∇2A simply by comparing the expression ▽×(▽×A) with 

Ampère’s Circuital Law, [3], but a more concise way to do so has been 

demonstrated by Dr. Z.-C. Liang, [4]. Dr. Liang performed a mathematical 

derivation at a fundamental level, prior to linking any of the parameters to 

electromagnetism. He defined a vector field, A, in a manner, that when we 

replace his constant, αs, with the magnetic permeability, μ, it is in effect the 

definition for the magnetic vector potential, A, in the Lorenz gauge, as in, 

 

A(r, t) = (μ/4π)∫V (J(rꞌ, tꞌ)dVꞌ)/r                                                           (6) 
 

       He showed in his paper referenced at, [4], that,  

 

−∇2A = μJ                                                                                            (7) 

  
       In the next sections, it will be shown that the substantive displacement 

current that is involved in electromagnetic radiation, is a particular manifestation 

of the conduction current, J, in equation (7), rather than being a separate term in 

its own right. 

 

The Coulomb Gauge 

III. The Coulomb gauge, or transverse gauge, or radiation gauge, takes the 

form, 
 

∇·A = 0                                                                                                (8)  
 

       It would be meaningless, though, to convert equation (3) into the Coulomb 

gauge without giving some kind of physical context to justify the conversion. We 

would ideally want a situation in which the sum of sinks and sources cancels. 

One consideration would be the case of a rotating electron-positron dipole in 

which the electron and the positron are in mutual circular orbit, [5], [6]. If the 

electron is a sink for the all-pervading electric fluid aether, [7], with the positron 

being a source, then A could represent a circulating momentum in a dipolar 

vortex in this electric fluid. In this context, A and J will merge and become the 

same thing, [8]. It should be noted though, that due to cyclical variations in the 
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electric fluid density when an electromagnetic wave is passing through, that the 

Coulomb gauge is really only a time-average condition. The electromagnetic 

wave equations don’t take such finer details into consideration. 

       When Ampère’s Circuital Law is derived from a closed electric circuit, the 

electrostatic-based displacement current term in equation (1) vanishes. And when 

it vanishes, then from equation (5), it follows that ∇(∇·A) also vanishes, just as it 

would for ∇·A = 0. In this closed-circuit context, which is the Coulomb gauge, 

and considering equations (5) and (7) along with B = ∇×A, it follows that, 

 

∇×B = μJ                                                                                             (9) 

 
       and hence, if space is densely packed with tiny dipolar aether vortices, [9], it 

follows that equation (9) will be Ampère’s Circuital Law as applied in the steady 

state, to the individual vortices, which are like tiny, closed electric circuits. 

Equation (9) will then take the form, 

 

∇×B = μA                                                                                          (10)         
 

Electromagnetic Radiation 

IV. It is proposed that electromagnetic radiation constitutes a relay of excess 

electric fluid from the positron of one vortex into the electron of its immediate 

neighbour, [10]. Since the driving electric field, EK, will be sourced between the 

positrons and electrons of immediately adjacent vortices, and since these 

particles are moving tangentially within their respective vortices, the EK force 

will be a tangential or an axial action, causing the vortices to angularly 

accelerate, and this will invariably be in the form of a precession. It is proposed 

that this precession is what causes the excess electric fluid to emerge from its 

positron and swirl across into the electron of its immediate neighbour, and that 

this cycle repeats in a wave-like manner through the sea of vortices. 

Electromagnetic waves therefore constitute a relay of tiny electric currents at the 

most fundamental level, [11], swirling from vortex to vortex through an all-

pervading sea of such vortices. This sea of vortices constitutes the 

electromagnetic wave-carrying medium. Wireless radiation is therefore a relay of 

the time-varying electromagnetic induction process on a microscopic scale, [12], 

and indeed more likely on a picoscopic scale, where, 

 

EK = −∂A/∂t                                                                                       (11) 
 

       Meanwhile, during the passage of electromagnetic waves, A will be in an 

angularly oscillating state, hence obeying the equation, 
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A = −ε∂2A/∂t2                                                                                    (12) 
 

       where ε is the elastic constant. Substituting equation (12) into equation (10), 

we obtain, 

 

∇×B = −με∂2A/∂t2                                                                              (13)                                                                  
 

       Then from EK = −∂A/∂t, equation (13) then becomes, 

 

∇×B = με∂EK/∂t                                                                                 (14) 

 
       This is the form of Ampère’s Circuital Law as would apply in starlight in 

space, far from any laboratory electrical apparatus. It’s very important to note, 

though, that the displacement current term, με∂EK/∂t, in equation (14) is not the 

displacement current that was originally derived by Maxwell in his 1861 paper, 

and neither is it the displacement current that is derived in the modern textbooks. 

The displacement current in the Coulomb gauge has got nothing to do with 

capacitors.  

       Finally, combining equations, (7), (9), (10), and (13), leads to the primary 

electromagnetic wave equation in A, derived by Maxwell in his 1873 Treatise, 

[3], 

 

∇2A = με∂2A/∂t2                                                                                 (15)  

 
       where με = 1/c2, with c being the speed of light. Then, if we take the curl of 

equation (15), from ∇×A = B we obtain,     

 

∇2B = με∂2B/∂t2                                                                                 (16)         

       as was derived by Maxwell in 1864, [2], for H, where B = μH, and 

meanwhile, if we differentiate equation (15) with respect to time, then from EK = 

−∂A/∂t, we obtain, 

 

∇2EK = με∂2EK/∂t2                                                                             (17)  

 

Conclusion 

V. The electrostatic-based displacement current, ε∂ES/∂t, where ES is the 

electrostatic field of Coulomb’s Law, was originally derived by Maxwell in his 

1861 paper in connection with linear polarization in a dielectric, and it is derived 

in modern textbooks in connection with conservation of electric charge in a 

charging or discharging capacitor. This version of displacement current is, 
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however, merely a reaction with no causative effect. It’s a reaction to an 

externally applied electric field. It is not the electric current that causes 

continuity of the magnetic field between the plates of a charging or a discharging 

capacitor. The magnetic field between the plates of the charging or discharging 

capacitor is caused by a very real conduction current comprising a flow of the 

fundamental electric fluid. This electric fluid, with which everything is made, [7], 

is otherwise known as the aether. It flows across the gap between the capacitor 

plates until it is blocked by the back-EMF caused by dielectric polarization, or 

by the accumulating electric charge on the plates. 

       Then, as regards the displacement current that is used in the derivation of the 

electromagnetic wave equations, it must be a special case of the closed-circuit 

conduction current, and in order to be compatible with the Maxwell-Faraday 

equation in these derivations, it cannot involve the electrostatic based ES field. It 

must instead involve EK, this being the electric field, −∂A/∂t, that arises from 

time-varying electromagnetic induction. In his 1865 paper, Maxwell’s derivation 

of the electromagnetic wave equation in H did use this electromagnetic induction 

version of the displacement current, and so Maxwell was firmly working in what 

later became known as the Coulomb Gauge, or the Radiation Gauge, or the 

Transverse Gauge. 

       Meanwhile, we also need a physical context in which to apply a Coulomb 

gauge-based displacement current. We need space to be filled with tiny dipolar 

aether vortices, [5], [6], [9], serving as the electromagnetic wave carrying medium, 

with electromagnetic waves themselves constituting a relay of this electric fluid, 

swirling through space from vortex to vortex, from the source in one vortex, into 

the sink in the immediately neighbouring vortex. This fundamental electric fluid 

flow that occurs in conjunction with electromagnetic waves is the actual 

displacement current that Maxwell used in 1864 and 1873 in his derivation of the 

electromagnetic wave equations, and it takes the form ε∂EK/∂t, where EK is the 

electric field that arises in time-varying electromagnetic induction.                                                  
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