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Abstract. To show that the equation E = mc2 was already implicit in Maxwell’s 1861 

paper “On Physical Lines of Force” and that it doesn’t mean that mass is equivalent to 

energy, but rather it relates to the propagation of electromagnetic radiation through an 

elastic solid. 

 

                                      

                            The Speed of Light in an Elastic Solid 
 

I. In Part III of Maxwell’s 1861 paper “On Physical Lines of Force” [1], he 

introduces displacement (and later displacement current) within the context of a 

perfect elastic solid. Maxwell applies elasticity theory in order to link the 

dielectric constant with the transverse elasticity of this solid medium. He is able 

to utilize the result of  an experiment performed in 1855 by German physicists 

Wilhelm Eduard Weber and Rudolf Kohlrausch [2] in order to equate the speed 

of light with the ratio of the dielectric constant to the magnetic permeability, 

and hence also with the ratio of the transverse elasticity to density in this 

luminiferous medium. Since the latter ratio forms one side of Newton’s 

equation for the speed of a wave in an elastic solid, Maxwell is able to conclude 

that light is a transverse wave in an elastic solid that is also the cause of electric 

and magnetic phenomena. Hooke’s law appears at equation (105) in Maxwell’s 

1861 paper in the form, 
 

R = − 4πk2h                                                                              (1) 

where R is electromotive force, k is the dielectric constant, and h is 

displacement. Maxwell doesn’t actually use the letter k for dielectric constant 

but it has been chosen here in order to avoid confusion with the normal symbol 

for energy which will appear later in the analysis. 

       The purpose now will be to show how equation (1) can be related to 

Newton’s equation, 

 

V2 = σ/ρ                                                                                    (2) 
 

where V is the speed of a wave in an elastic solid, σ is the coefficient transverse 

elasticity, and ρ is the density. Maxwell didn’t actually use the symbol σ for 
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transverse elasticity in this equation (equation (132) in his paper), but it will be 

used here to avoid confusion with the usual symbol for mass which appears 

later in the analysis. Maxwell equated the transverse elasticity σ to the dielectric 

constant k through equation (108) in his paper as per, 

 

k2 = πσ                                                                                      (3) 
 

and he equated density ρ to magnetic permeability µ (which he called the 

coefficient of magnetic induction) through equation (133) in his paper as per, 

 

µ = πρ                                                                                       (4) 
 

Hence combining equations (2), (3), and (4), we obtain, 

 

V2 = k2/µ                                                                                  (5) 
 

which is equation (135) in Maxwell’s paper. Maxwell didn’t know the actual 

density of his elastic solid but he was only concerned with the ratio k2/µ, and by 

comparison with the results of the 1855 experiment of Weber and Kohlrausch in 

which the ratio of electrostatic units of charge to electrodynamic units of charge 

had been established by the discharging of a Leyden jar (a capacitor) [2], he was 

then able to establish that the dielectric constant k equated with the speed of 

light (equation 131 in Maxwell’s paper) as measured optically by Fizeau.    

       The objective now will be to show how equation (5) can be derived from 

the sea of tiny aethereal vortices described in Part I of Maxwell’s paper. In this 

part, in order to explain the magnetic field and magnetic repulsion, Maxwell 

utilizes the concept of tiny aethereal molecular vortices that press against each 

other with centrifugal force while striving to dilate [3]. 

 

 

              The Fine-Grained Vortex Nature of the Elastic Solid 
             

II. It is now further proposed that Maxwell’s molecular vortices will be dipolar, 

having both a sink (electron) and a source (positron) in mutual orbit around the 

edge of the vortex [4] , [5], and since Maxwell has all immediately neighbouring 

vortices spinning in the same direction, the effective speed for the purposes of 

centrifugal potential energy will be the mutual transverse speed, which will be 

twice the circumferential speed. Centrifugal potential energy is the same thing 

as transverse kinetic energy, and summed over the two particles of each dipolar 

vortex this will be equal to m(2V)2, or 4mV2, where 2m is the combined mass of 

the two particles, and where V is their circumferential speed. Mass is considered 

to be a measure of the amount of aether. The centrifugal potential energy will be 
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equal to the maximum linear kinetic energy as resolved along a diameter in 

relation to the projected simple harmonic motion. This in turn will be equal to 

the maximum potential energy that we obtain from Hooke’s law. Since we are 

dealing with shared elasticity over the two particles within each dipole, this 

maximum potential energy will be 2πk2h2.  Therefore, 

4mV2 = 2πk2h2                                                                         (6) 

and hence, 

2mV2 = πk2h2                                                                           (7) 

The centrifugal potential energy, 4mV2, is the resultant of an outward 

centrifugal force and an equal and opposite inward centrifugal force generated 

by the neighbouring dipoles. As such, if we double the outward centrifugal 

potential energy we will split the dipole. The input energy needed to split an 

electron-positron dipole is therefore 2mV2. We also know from the 1932 Carl 

D. Anderson experiment that this energy is the 1.02 MeV associated with 

gamma radiation, and that it corresponds exactly to 2mc2, where c is the speed 

of light [6]. Hence it follows that the circumferential speed of the electrons and 

positrons in the dipoles that make up of this elastic solid is equal to the speed of 

light [7], [8], and that,  

c2 =   k2/μ                                                                                 (8)                                                                                       

where μ is the areal density, 2m/πh2, of an electron-positron dipole. Equation (8) 

is equivalent to equation (135) in Maxwell’s 1861 paper and it is more familiar 

nowadays in the form, 

c2 =   1/με                                                                                 (9) 

 

where ε is the electric permittivity and where µ is the magnetic permeability. By 

multiplying the top and bottom lines of equation (9) by area, we end up with,  

 

 E = mc2                                                                                   (10) 
 

where E is the centrifugal potential energy. It’s the compressed orbit syndrome 

that gets rid of the factor of one half that appears in the standard formula for 

kinetic energy.  

       Maxwell never knew the size of his molecular vortices, but it would be 

reasonable to assume that they are small enough to flow through the interstitial 

spaces between the atoms and molecules of ponderable matter as like water 

flows through a basket. A credible guess might put them on the scale of the 

Compton wavelength for an electron, since gamma radiation of this wavelength  
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can split an electron-positron dipole apart. This would be in the picometre range 

making them about one thousandth the size of the average atom, with the vortex 

sea being about thirty-two times denser than lead. 

 

 

                                                     Conclusion 
 

III. Hooke’s law at equation (1) in section I became Maxwell’s fifth equation in 

the original list of eight “Maxwell’s Equations” in his 1864 paper “A 

Dynamical Theory of the Electromagnetic Field” [9], [10]. This is the electric 

displacement equation from which Maxwell derived the concept of 

displacement current which was later used in the 1864 paper in conjunction with 

Ampère’s Circuital Law in the derivation of the electromagnetic wave equation. 

It is often forgotten though that the connection between the electromagnetic 

wave equation and the speed of light is not a theoretically derived fact. It arises 

experimentally from the 1855 Weber-Kohlrausch experiment [2]. Maxwell saw 

a way of linking the result to the transverse elasticity in the displacement 

mechanism within a background elastic solid, where the equation E = mc2 is 

tied up in this relationship through fine-grained centrifugal pressure. All of this 

preceded the electromagnetic wave equation of 1864. 
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