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Abstract: This article traces the influence of physical models of the electromagnetic medium on electrodynamics. The 

connection between the ability of the electrodynamic equations to describe the processes under study and the adequacy of the 

model of the electromagnetic medium used in their derivation to the known data is shown. It is revealed that the assumption of 

the absence of the existence of the electromagnetic medium leads to certain methodological difficulties in deriving the 

electrodynamic equations. The paper highlights the main milestones in the evolution of the physical model of electromagnetic 

medium. As a rule, the existence of electromagnetic medium in physics has been denied up to the present time due to the lack 

of its consistent model. A new physical model of the electromagnetic medium is developed and based on it a system of 

electrodynamic equations is derived that agree with the known data of physical experiments and astronomical observations. On 

the basis of the proposed physical model, a mathematical description of the method of detecting the electromagnetic medium is 

obtained. The developed physical model made it possible not only to explain the data of known electromagnetic phenomena 

and experiments, but also to propose the Galilean relativity principle within the framework of classical mechanics. Possible 

consequences of detection of the electromagnetic medium are discussed. 
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1. Introduction 

The experimental laws of Ampere and Faraday allowed 

Maxwell to develop the theoretical foundations of 

electrodynamics [1, 2]. Developing his theory, Maxwell 

suggested the existence of the "electromagnetic medium" in 

which light propagates. Subsequently, models of the 

electromagnetic medium continued to be developed by 

various researchers. 

In this article a connection between the ability of 

electrodynamic equations to describe the mutual influence of 

moving matter (bodies or media) with electromagnetic waves 

and the adequacy of the model of the electromagnetic 

medium used in their derivation to the known data is traced. 

Minkowski derived electrodynamic equations assuming 

the absence of the electromagnetic medium [3]. The article 

shows the methodological difficulties arising in the process 

of deriving electrodynamic equations under this assumption. 

The analysis of the processes that allow discovering the 

existence of the electromagnetic medium is carried out. 

Based on this analysis, a physical model of the 

electromagnetic medium and the equations of 

electrodynamics are developed that describe the method of 

detecting the electromagnetic medium. 

2. Main Part 

Maxwell, studying the results of Faraday's experimental 

studies of electromagnetic induction, derived equations 

describing this phenomenon for the case of stationary matter 

[1, 2]. These equations can be represented as 

t

∂Β∇×Ε = −
∂

                                (1) 

∇×Η = Ι ,                                   (2) 

where E, H, B, and I are vectors of electric and magnetic 

field strengths, magnetic induction and current (including 

displacement current) density, respectively; t – time. 

Exactly these equations are called Maxwell 
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electrodynamic equations. Maxwell’s electrodynamics uses a 

physical model based on the concept of the existence of the 

electromagnetic medium [1, 2] called Medium further in the 

paper. The Medium is a fine substance, fills the whole of 

space and matter and is a carrier of electromagnetic 

phenomena. Electromagnetic waves propagate in the 

Medium independently of the motion of the source of the 

waves relative to the coordinate system fixed in the Medium 

at the velocity of light 
1

_
2

0 0( )c ε µ= , where ε0 and µ0 are 

the electric constant or vacuum permittivity and the magnetic 

constant or vacuum permeability, respectively. Maxwell 

considered the Medium stationary and equations (1)-(2) do 

not describe electrodynamic phenomena due to motion. 

These equations are not electrodynamic in the strictly sense – 

they can describe the work of transformer but they can’t 

describe the work of generator. 

Maxwell himself and then Hertz went on to deduce the 

electrodynamic equations for the moving matter conditions. 

Hertz used a model according to which the matter completely 

carry along surrounding it Medium. Using his model of the 

Medium, Hertz derived the equations [4]: 

( )
t

∂Β∇×Ε = − − ∇× Β×
∂

v                      (3) 

( )v D v
t

ρ∂∇×Η = + + + ∇× ×
∂
D

j ,                  (4) 

where D is vector of electric induction; j is the conduction 

current density vector; v is the matter velocity vector 

(measured relative to the laboratory coordinate system; the 

source of the magnetic field is assumed to be motionless 

relative to the laboratory coordinate system) and ρ is the 

density of free-moving charges. 

It is important to note that equations (1)-(4) follow from 

the general integral equations [5, 6]: 

Faraday’s induction law 

s n

s

d
ds d

dt
δ

δΕ = − Β∫ ∫�                         (5) 

Ampere’s law 

s n

s

H ds I d

δ

δ= −∫ ∫� ,                          (6) 

where Es and Hs are tangential components of vectors E and H 

to a closed loop s; Bn and In are normal components of vectors 

B and I to an arbitrary surface δ confined by the loop s. 

Equations (1)-(2) follow from (5)-(6) for the stationary 

matter and equations (3)-(4) - for the moving matter 

conditions. 

Hertz equations correctly describe the phenomena of 

induction in moving conductors, but not in moving dielectrics. 

In addition, according to these equations the movement of 

empty space could cause electromagnetic induction (the last 

terms in the right parts of the equations (3)-(4)). 

The indicated errors of Hertz's theory are a consequence of 

the shortcomings of his model of the Medium which, for 

example, is unable to explain phenomena with partial 

carrying along of the Medium by moving matter. 

There was no satisfactory model of the Medium when 

Minkowski developed electrodynamic theory. In addition, by 

this time all the proposed methods for discovering the 

existence of the Medium were not justified. As a result, 

Minkowski derived electrodynamic equations assuming the 

absence of the Medium [3]. The denial of the existence of the 

Medium led Minkowski to use the following principle of 

relativity: the laws of physics have the same form in all 

inertial frames of reference. 

Using this principle, Minkowski received electrodynamic 

equations consisted of the Maxwell field equations for 

stationary matter and constitutive equations that take into 

account movement of the matter (similar equations can be 

obtained from the Lorentz electron theory). 

So, in Minkowski equations Maxwell stationary induction 

equation (1) is used as an equation of electromagnetic 

induction for the processes in moving matter. This, in 

particular, means that the original integral equation (5) is 

replaced by the equation 

s n

s

d
ds d

dt
δ

δ∗Ε = − Β∫ ∫� ,                        (7) 

where s
∗Ε  is the tangential component of electric field 

strength, measured in the coordinate system moving together 

with the matter. 

In contrast to (5) equation (7) cannot be called Faraday’s 

induction law, and it is not it either since the use of this 

equation means not only the loss of information about 

induction due to motion, but also the distortion of Faraday’s 

experiments conditions. Faraday carried out his 

measurements in the experiments we examined in the 

laboratory coordinate system, but not in a coordinate system 

moving with the matter relative to the laboratory coordinate 

system (or, which is the same) relative to the source of the 

magnetic field [7]. Equation (1) lacks information of 

induction due to motion and the need to use an additional 

relation that takes into account this induction (e.g. the 

Lorentz force relation) arises. 

As a result, in Minkowski equations the law of induction is 

represented by equation (1) and equation 

1

c

∗ = + ×E E v B ,                         (8) 

where 
∗

E  is the vector of electric field strength, measured in 

the coordinate system moving together with the matter. 

Thus, the single general principle of induction is described 

by two different laws, expressed, respectively, by two different 

equations [8]. It is easy to show that when the equation (8) is 

substituted into the remaining equations, a new derivative of v 

× B arises which has no physical nature. This can have an 

effect not only on the accuracy of the calculations but also on 
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the possibility of adequate investigation of a number of 

processes in question by means of these equations. 

An alternative way to obtain electrodynamic equations is 

to assume the existence of the Medium and develop its 

physical model consistent with known data. 

Such a model was developed in previous studies [9, 10]. 

This work is continued in this article. The essence of the 

model consists in the following. We assign the electric and 

the magnetic constants, ε0 and µ0, to the Medium. The 

Medium, having negligible mass, is subjected to gravity like 

any matter and has a very small viscosity. The force of 

Earth’s gravitation acting on the Medium predominates over 

any other gravitation actions on the surface of Earth with the 

exceptions of the close vicinity of atomic structures of the 

matter. So, moving matter on the surface of Earth does not 

drag on the surrounding Medium but only in the close 

vicinity of its atomic structures. 

The represented model includes elements of the well-

known models of the Medium: Stokes’ model of complete 

entrainment of the surrounding Medium by moving matter 

(Medium is carried along by Earth in its orbital movement – 

experiment by Michelson and Morly), Fresnel’s model of 

partial convection of the surrounding Medium by moving 

matter (Medium is carried along in the close vicinity of 

atomic structure of the matter - experiment by Fizeau) and 

Lorentz’ stationary Medium model (Medium is not carried 

along by the daily rotation of Earth as a consequence of the 

negligibly low viscosity - experiment by Michelson–Gale). 

It is known that Stokes obtained the correct formula for 

stellar aberration using the model of the total entrainment of 

the Medium [11], but Lorentz found a contradiction in his 

physical basis for this formula. Due to the complete 

entrainment of the Medium, its velocity on the Earth's 

surface must have a potential, which contradicts the 

conditions of applicability of the mathematical apparatus 

used by Stokes. The model of the Medium proposed in the 

paper is incompatible with the potential motion of the 

Medium on the Earth's surface due to its non-entrainment 

during the daily rotation of the Earth and so the Medium 

rotates about the axis draw across Earth’s ecliptic plain. 

As a result, the contradiction noted by Lorentz is 

overcome. Using the Stokes mathematical apparatus [11], we 

obtain the well-known formula for stellar aberration for the 

Earth 0

c
−

v
, where v0 is vector of the orbital velocity of the 

Earth revolving around the sun. 

Moreover, the model of the Medium makes it possible to 

get by analogy the formula for stellar aberration for the moon 

mA  

0 m
mA

c

+
= −

v v
,                             (9) 

where mv  is vector of the orbital velocity of the moon 

revolving around the Earth. 

This formula is easily generalized to other space objects. 

According to the offered physical model, the Medium with 

its 0ε  and 0µ is not carried along by moving matter. It 

explains why moving matter carries with itself in its motion 

only the polarization current and the magnetic induction (as 

was revealed experimentally [12, 13]. That is why the 

electromagnetic induction due to motion of the matter 

depends on how much the product of µε , ε  is the electric 

permittivity and µ  is the magnetic permeability, in the 

moving matter exceeds the product 0 0µ ε  in the surrounding 

Medium. As a result, in contrast to the Hertz equations, the 

factor α appeared in the last terms of the right-hand sides of 

equations (3)-(4) [9, 10] 

0 0µε µ εα
µε
−

= .                            (10) 

Due to the factor α  these equations in contrast to the 

Hertz ones are consistent with experimental data concerned 

with the movement of dielectrics and optical phenomena. 

Also, in contrast to the Hertz equations, thanks to the 

presence of the factorα , the movement of empty space can’t 

cause electromagnetic induction (α →0 with ρ→0). 

The presented model gives rise to another way of 

discovering the existence of the Medium (in addition to 

measuring stellar aberration on space objects). If a closed 

loop is made of a dielectric, then the factor α  will become, 

as for a conductor equal to 1 when its velocity becomes equal 

to the velocity of the surrounding Medium. In order to 

achieve this, the speed of the loop must be equal to the speed 

of the daily rotation of the Earth, taken with the opposite 

sign, at a given point on the earth's surface. 

Let us include the above described method of discovering 

the existence of the Medium in the mathematical model. This 

inclusion can be done by changing the factor α  in the 

following way: 

0 0 (1 ( ))fµε µ εα
µε

− −
= Mv - v

,                    (11) 

where v, as before, is the matter velocity vector and Mv  is 

the velocity of the surrounding Medium. 

The function f has the following properties: f (u) = 1 for u 

= 0, and f (u) = 0 for u ≠ 0, u € R. Some properties of this 

function are described in previous studies [14]. It is natural to 

assume that in reality the function f should not be 

discontinuous at the point u=0 but has some transition 

interval that can be determined further in the corresponding 

experimental studies. 

Equation (11) describes the above-mentioned process, 

which, if implemented, will be a proof of the existence of the 

Medium: under the condition v = Mv  the factor α  becomes 

equal to 1 for dielectrics. 

As a result, the system of electrodynamic equations takes 

the following form based on previous research [9, 10]: 

( )
t

α∂Β∇×Ε = − − ∇× Β×
∂

v                     (12) 
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( )v D v
t

ρ α∂∇×Η = + + + ∇× ×
∂
D

j                   (13) 

D ρ∇⋅ =  

0B∇⋅ =                                     (14) 

; ;D E B H j Eε µ σ= = =                       (15) 

0 0 (1 ( ))fµε µ εα
µε

− −
= Mv - v

,                   (16) 

where σ is the conductivity of a medium. 

In the case of stationary matter equations (12)-(16) will 

transform to the Maxwell equations (1-2). In the case of 

conductors ( 1α = ), equations (12)-(16) turn into Hertz's 

equations (3-4). 

By introducing vector potential A, B = ∇× Α  and scalar 

potential φ, we find from (12) 

t
φ α∂ΑΕ = − − ∇ − Β×

∂
v .                      (17) 

Let’s analyze the strength of electric field induced by the 

movement of the loop in the magnetic field, mΕ : 

m αΕ = − Β× v .                                (18) 

It is completely consistent with the experimental data of 

Faraday, who used conductors [7], and with the experimental 

data of the Wilsons, who used dielectrics [15]. 

Let’s analyze the strength of magnetic field induced by the 

movement of the loop in the electric field, mΗ . We find from 

(13) 

m αΗ = − ×D v .                               (19) 

It complies with the experimental data of Rowland and 

Eichenwald, who used conductors [12, 13], and with the 

experimental data of Roentgen and Eichenwald, who used 

dielectrics [12, 13]. The system (12-16) is adequate to the 

mutual influence of moving matter (bodies or media) with 

electromagnetic waves and therefore is effective for use in 

applied research [16]. 

3. Discussion 

1) Let us analyze the generalization of the Galilean relativity 

principle of mechanical processes to electrodynamics. 

Galileo pointed on the identity of laws of mechanics on the 

shore (on the surface of Earth) and on a moving large ship in 

an indoor cabin below deck (which carries the contained air 

in its movement) but not in a deck in the open air (which 

does not carry along the ambient air in its movement) [17]. 

Let us call inertial systems that carry along with themselves 

in their uniform motion the environment participating in the 

investigated processes as Galileo’s systems. Generalizing 

Galileo’s condition of the applicability of the relativity 

principle to electrodynamic phenomena in accordance with 

the represented physical model, one has demand that 

Galileo’s systems should be carried along in their uniform 

motion surrounding them Medium and be far enough from all 

external masses because the Medium is subjected to 

gravitation. In these isolated systems, light is propagated with 

velocity c, electrodynamic equations are the same and can be 

considered as Galilean-invariant. 

2) The use of the model of the Medium in the 

development of electrodynamics gives the process a 

fundamental classical basis and frees it from the need to 

accept additional postulates. 

3) If the existence of the Medium is proved (the 

corresponding methods are presented above) then, in 

accordance with the indicated characteristics (fills the 

whole of space, has a certain mass and is exposed to 

gravity like any matter), it can be assumed that it is its 

mass provides the observed rotation of galaxies and 

therefore the concept of dark matter can be attributed to 

the Medium. 

4. Conclusion 

The expediency of using the physical model of the 

Medium in the development of electrodynamics is 

substantiated. The connection between the ability of the 

electrodynamic equations to describe the processes under 

study and the adequacy of the model of the electromagnetic 

medium used in their derivation to the known data is shown. 

Presented physical model of the Medium and the 

electrodynamic equations derived from it agree with the 

known data. On the basis of the proposed physical model, a 

mathematical description of the method of detecting the 

Medium is obtained. 

The developed physical model made it possible not only to 

explain the data of known electromagnetic phenomena and 

experiments, but also to propose the Galilean relativity 

principle within the framework of classical mechanics.  

If its existence is confirmed the properties of the Medium 

will make it a possible candidate for participation in the 

structure of the so-called dark matter. 
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