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Abstract. Maxwell’s displacement current is a controversial topic. It has 

never been isolated experimentally in wireless radiation, yet its existence in 

space is a mathematical necessity when it comes to deriving the 

electromagnetic wave equations. This article will examine how we might 

justify its existence. 

  

     
    

                                       Introduction 

I. James Clerk Maxwell originally conceived the idea of displacement current in 

the preamble to Part III of his 1861 paper, “On Physical Lines of Force”, [1]. 

He conceived it originally as a tangential or rotatory displacement of the electric 

particles in the sea of molecular vortices which he believed filled all of space, 

yet by the end of his preamble he seems to have simplified it to something akin 

to linear polarization in a dielectric, and he linked it to changes in the 

electrostatic field.  

       However, when it came to deriving the electromagnetic wave equation in 

the magnetic field in his 1865 paper, “A Dynamical Theory of the 

Electromagnetic Field”, [2], displacement current instead became linked to the 

electric field that arises in the case of time-varying electromagnetic induction. 

Maxwell, meanwhile, never elaborated on the physical meaning of displacement 

current in this context.  

 

                         Capacitance and Displacement Current 

II. In the modern era, Maxwell’s dielectric sea of tiny aethereal vortices is no 

longer recognized to exist, and so Maxwell’s original 1861 explanation for 

displacement current can no longer be presented in the textbooks. Instead, 

displacement current is justified within the context of conservation of electric 

charge in a charging or discharging capacitor. However, this restricted 
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laboratory context fails to account for how a displacement current could exist in 

starlight in outer space. Also, this form of displacement current is based around 

the electrostatic E field and so it can’t be the displacement current which is used 

in the derivation of the electromagnetic wave equations, since we know that the 

electrostatic field is not used in these derivations. The textbooks, meanwhile, 

cover up this discrepancy, simply by refraining from drawing attention to the 

distinction between an electrostatic field, on the one hand, and an electric field 

that arises through time-varying electromagnetic induction, on the other hand. 
The two E fields involved in the textbook derivation of the electromagnetic 

wave equations are simply substituted into each other as though they are one 

and the same thing. They use an electrostatic field, −∇ψ, in the displacement 

current while using an induction E field, −∂A/∂t, in Faraday’s law, yet they treat 

them as though they are interchangeable.                                     

                                                     Conclusion 

III. Maxwell’s displacement current, which is crucial in the derivation of the 

electromagnetic wave equations, cannot be derived from first principles, and 

neither is there any experiment that can isolate it in wireless radiation in space. 

Nevertheless, its existence is not in doubt, and so the onus is on us to identify 

the physical structure of the electromagnetic wave-carrying medium, such as 

would embrace a displacement current that is rooted in the time-varying 

electromagnetic induction process, and it seems that Maxwell himself more or 

less had this structure identified in Parts I and II of his 1861 paper, “On 

Physical Lines of Force”, [1], [3]. It would seem that Maxwell’s sea of 

molecular vortices is actually a sea of tiny electric circulations, and that 

displacement current constitutes the swirling of electric fluid from vortex to 

vortex in conjunction with electromagnetic waves, [4], [5], [6], [7], [8]. 
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whirlpools next beyond them, so that vibrations are propagated in every direction from the 

luminous point. It is curious that Bernoulli speaks of these vibrations as longitudinal, and 

actually contrasts them with those of a stretched cord, which, "when it is slightly displaced 

from its rectilinear form, and then let go, performs transverse vibrations in a direction at 

right angles to the direction of the cord." When it is remembered that the objection to 

longitudinal vibrations, on the score of polarization, had already been clearly stated by 

Newton, and that Bernoulli's aether closely resembles that which Maxwell invented in 

1861-2 for the express purpose of securing transversality of vibration, one feels that 

perhaps no man ever so narrowly missed a great discovery. Bernoulli explained refraction 

by combining these ideas with those of his father. Within the pores of ponderable bodies 

the whirlpools are compressed, so the centrifugal force must vary in intensity from one 

medium to another. Thus a corpuscle situated in the interface between two media is acted 

on by a greater elastic force from one medium than from the other; and by applying the 

triangle of forces to find the- conditions of its equilibrium, the law of Snell and Descartes 

may be obtained. * Cf . Lord Kelvin's vortex-sponge aether, described later in this work.”  


