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Maxwell's Electrodynamics
Without Special Relativity Theory (Part I)

Victor N. Barykin
Scientific Center “Malinovka’
15-234 Str. Slobodskaya, 220098 Minsk, BELARUS

This work suggests for Maxwell's electrodynamics in moving media a generalization that 1) does not re-
sort to Einstein’s special relativity theory, 2) bases its calculations and experiments on Newton's space, 3) natu-

rally incorporates superluminal velocities and indicates the requirements for the latter to be discovered, and 4)

describes in a unified manner the classical experiments of Bradley, Fizeau, Michelson, and Doppler.

Introduction

The present work shows the possibility of dynamic descrip-
tion for a change of the inertial properties of an electromagnetic
field, when its frame of reference is considered as a physical en-
vironment capable of influencing the parameters of the field.
This description is conceived within the framework of the New-
tonian space-time, and articulated within a single coordinate sys-
tem.

Maxwell's Dynamic Equations
in Newtonian Space-Time

We will start with the concept of a single observer who has
standards of length and time according to Newton's space-time
model R*xT!. The physical laws of Maxwell's electrodynamics

in R*xT' can be determined in terms of the three-dimensional
operators VX and V-, and they have the vector form:

10B

VxE=~—— V-B=0
c ot
V-D=4mnp, VXH=1§2+4R-‘—]-
c ot c

In the algebra F(4), field elements form

0 B, -B, -iE,
s _|B. 0 B. -iE,
m=\ B _B, 0 -iE,
iE, iE, iE, 0
0 H, -H, -iD,
gt |"H. 0 H, -iD,
H, -H, 0 -iD,
iD, iD, iD, 0

Maxwell's equations acquire the tensor form IpFm =0,

da,H ik - Si, where d}, is the covector of partial derivatives; for

example, over the coordinates 2t = x, %% = ¥, 23 = z, 20 = ict.

Physically speaking, these sets of equations are equivalent;
however, it is more convenient to carry out the mathematical
analysis of general problems in tensor form. Starting from these

equations, following the model of dynamic change of field pa-
rameters in Newtonian space-time, and not resorting to the con-
cept of an ether, we will describe in a unified manner the ex-
periments of Bradley [1], Fizeau [2], Michelson [3], and Doppler
[4], plus the ‘constancy’ of light speed in vacuum [5].

Generalized Connections Between Fields and Inductions
in Maxwell's Electrodynamics

For an isotropic medium at rest, the connection between
fields and inductions has the form: D =¢E, B =uH, where ¢
and p are the dielectric and magnetic permeabilities. In the ver-
sion considered by Minkowski [6], the medium is a secondary
radiation source, so the medium velocity U,, is identical with

this velocity of the radiation source:
D+[(U,, /0 xH] = ¢ (E+[(U,, / o) xB])
B+(ExU,,/o)=pu[H+(DxU,,/c)]

We will seek new connections between the fields F,,,, and
inductions H* [7] in the form H ik _qimo*iE . Let Q™ be
equal to Q" = (@ + BUU™), where a and B are scalar func-
tions, 0" = diag(l1, 1,1, %) is the metric tensor in R*xT!, and

x =det Gim, Ut =dx'/de represents the four-velocities, but
without invoking SRT.

We have do? = E)ijdxidxj , and the inverse tensor 8;; canbe
specified in two ways: a) 9,;]-9"7’=85', or b) 9 =b,-kbjl®kl,
where bj; are additional tensors. For any such statement, the
expression for Q™ has been found in [8] by solving a system of
nonlinear algebraic equations following from the generalized

formal connection between fields and inductions, when the con-
nections are considered for zero velocity. Then

Qim -1
B

@ +(E‘-‘ - 1) viym™
X

The tensor Q™ has no singularity at X =0. Actually,
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k k
do=X%l v/, U= d" ‘/_d" /‘)1 xU? /¢

,& ic dt

For the velocities U, = GnkUk we have UkUk =1,
the antisymmetry of F,,, and H % we have

In view of

Hlk - Qikmnan, szmn = O.S(legkn _ Qlﬂ.gk?ﬂ)

with the conditions Q%™ = Q¥ — _qkmn

Maxwell's generalized equations take the vector form [9]:

VxE——liE, V-B=0, V-D=4np, VxH=l@—+ﬂt—J
c ot c ot

D+{(U/ o) xH] = {{E+[(U/ ) xB])

B+x[ExU/c|=p(H+[Dx U/

The Main Modeling Problem

Let a radiation source move around the Earth in vacuum with
instantaneous velocity Upg, which is the velocity of the primary
radiation source U1 p=0=Ug . Let the radiation spread from

empty space into the atmosphere of Earth, which has density p,
in which for p = pg the velocity of the secondary radiation source
is equal to the velocity of the physical medium U,,:

UlP=Po =Un

Let us introduce the velocity U = U(Uﬂ,, v, w(p)), assum-

ing that it also depends on a functional w(p), which is called the
phase of the electromagnetic field inertia. In agreement with the
physical formulation indicated in [7], we will assume that the
velocity U is governed by the relaxation equation

dU/dE = -Ro(U-U,,), Ueco=Up

dere Py is the relaxation constant, & =p/pg. The solution of the
elaxation equation is

U=10-w)Ups +wU,, w=1-exp(~Fyp/pgy)
Ne have the conditions

U|P=00=Ufsf w|p=o=0f lIlP=Po:Um' w =1

Ve require that x =w. Then the solution of the problem indi-
ated is in general possible.

=Py
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Solution of Maxwell's Generalized Equations
with Constant w

When w = const, the equations for the field potentials A, in
their four-dimensional form are {10}:

s\’ ;
"";) Am=_'uUl@im

ok i-—-é-)— ~(ep— w)l
ox

ax* ax™

with the calibration condition:

et Zn 94, (eu— w)E-Al vlvt =0
ar* ox*
According to the definitions for the vector and scalar potentials
A and o,
E = - l _aﬁ — V(p
c ot

we obtain .

B=VxA

2
LA = ~ﬂ{J o lJ—(wU-J —czp)}
c c+w ¢

- T2
Lo=-4np
w+o

{p(l— quZ/c2)+cU-J/cz}

and the calibration condition

2 2 L

v-A+-"13— _olL (3-+U-V](U~A—c<p)=0
¢ 9¢>

wherein

The Green'’s function for the vector equations is indicated in [7]:

4 2 2
torty o, 1 en-pw’ [o7%
Jreer |oca-wptien

In a cylindrical coordinate system, the position vector has length

Go(r,t) =

R=(p?+2° Y2 and the parameter values are

— 2 -
rapr L) e, P
ep - B2w? e —Bw

When B =0, we have the Green’s function for the medium at rest
without dispersion:

Gy(r, tly=g = 167:4u—11-e-o(t— RJ;:;/c)
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The Green’s function differs from zero on the surface

_R2,,2 _R2 _
1 eu-B*w g eu(l wB)+(z_ e —w

t== o
C-wpyen ¥ en-piw?

Ut)2
en - p2w?

This is an ellipsoid of rotation whose symmetry axis coincides
with U, and the position of the center is given by

20=Up——2
en-pBw

The center of this ellipsoid moves with the velocity

EL—Ww
Uy =U——rs
ep - pBw

The semiaxes of the ellipsoid are equal to

' 2 a2
a=ct 1-wh b ct‘/;(l wh?)

en—prw? ' ep - B2w?

Recalling operator I:, the dispersion equation for the electro-
magnetic field has standard form [11]:

K% =wo? + T2 ep-w) (- K-U)2, T2 =1/(1-wp?)

where K is the wave vector. This yields the expression for the
group velocity:
do K+oT2c2U(0-K-U)

Ve=—=¢
wo/c+oTcHw-K-U)

g

QU

In the nonrelativistic limit,

K
v, =§E+(1 ~w/n)[1-w) Uy, +wl,,]

Analysis of the Expressions Obtained

1. At w=0 we have Vg =cK/K+ Ug. Thus, in the general-
ized model of electromagnetic events the field moves such that
the center of the surface on which the Green function is nonzero
moves with the velocity Ug, and the semiaxes of the ellipsoid in
this case are equal, giving a sphere. This picture corresponds to
an intuitive comprehension of the fact that, according [12}, in the
absence of external influences, the field in vacuum retains its
inertia throughout its propagation external to its primary source.

2. The generalized electrodynamics of Maxwell's one is consis-
tent with the experiments of Michelson [3]. According to the
conditions of his experiment, the velocity of the medium was
equal to zero, U,, =0, just as the velocity of the radiation source.

For this reason we have the radiation velocity to be independent
of the direction:
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c
vV, =—
n

x| =

3. The generalized electrodynamics of Maxwell is consistent
with the experiment of Fizeau [2]. According to the experimental
conditions Uz, =0 and w = 1, therefore the velocity is equal to

cK 1 '
V,=——=+|1-—|U,,
g nK ( nz]

Conclusions

The generalization of Maxwell's electrodynamics, which al-
lows one to describe in a unified manner a vast quantity of ex-
perimental data without resorting to special relativity theory, is
possible if the connections between the fields and inductions is
taken into account.

The functional w(p) and also the velocity that specifies the

external inertia of the field U= (1 - w) Up +wU,,, which are

the determining factors for the velocity V4 and the frequency @
of the electromagnetic field, change dynamically in this case.
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