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Abstract. In the first part of this article we show that all electrody-
namic equations used by SRT are classical. In the second part of the
article we argue that electromagnetic fields, light and charges possess
momenta and energies that we experience with our sense organs and
therefore, these are real physical entities (objects). All physical objects
are subject to gravitation and they are carried with the Earth at the near
vicinity of the Earth’s surface. They experience Coriolis force when
they are the part of the Earth system and move with respect to this sys-
tem. Electromagnetic entities should similarly do and this will at once
explain all puzzling electrodynamic phenomena easily and rationally.

KEY WORDS: Electromagnetic entities; Electrodynamics; Gravitation; Corio-
los force.

1 Introduction

Potentials of stationary systems of charges and currents are determined by Pois-
son’s Equation and the radiating properties of stationary systems of radiating
bodies are determined by Maxwell’s equations. Now the questions arises: (i)
when those electrodynamic bodies move in free space with a steady motion,
what should be potentials of those steadily moving electrodynamic bodies; and
(ii) when those radiating bodies move with a steady motion, what should be the
radiating properties of those steadily moving radiating bodies? We are deal-
ing with the problems in Sections 2–3 by using Auxiliary System of classical
electromagneticians to show that electrodynamic equations used in SRT are un-
mistakably Classical!

In Sections 4–7 we shall explain all puzzling electrodynamic problems easily
and rationally by linking Maxwell with Newton.
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2 Auxiliary System in Classical Electrodynamics

2.1 Auxiliary equations for a system of charges steadily moving in free
space

2.1.1 Relation between real dynamic electric potential (Φ) of a moving
system of charges and its auxiliary electric potential (Φ′)

The scalar potential (Φ0) of a stationary system of charges (the system S0) is
determined by the Poisson equation

∇2Φ0 = − ρ

ε0
. (1)

But, the scalar potential (Φ) and the induced vector potential (AAA∗) of this system
of charges when moves in the OX direction (the system S) in free space with a
velocity uuu are governed by D’Alembert’s equation

�2Φ = − ρ

ε0
, (2)

�2A∗x = −ρu
ε0
, A∗y = 0, A∗z = 0 , (3)

where ρ is the charge density of the system, ε0 is the permittivity and µ0 is the
permeability of free space such that

c = 1/
√
µ0ε0 (4)

and (x, y, z) are the Cartesian co-ordinates introduced in free space.

In such a situation, the potentials at the point (x, y, z) at the instant t and the
potentials at the point (x+ udt, y, z) at the instant (t+ dt) in free space will be
the same. Therefore,

Φ +
∂Φ

∂t
dt+

∂Φ

∂x
udt = Φ , (5)

∂Φ

∂t
= −u∂Φ

∂x
,

∂2Φ

∂t2
= +u2

∂2Φ

∂x2
. (6)

Similarly,
∂A∗x
∂t

= −u∂A
∗
x

∂x
,

∂2A∗x
∂t2

= +u2
∂2A∗x
∂x2

. (7)

Equations (6) and (7) are steady state operators in Classical Electrodynamics.

Using Eq. (6), Eq. (2) could be replaced by

(1− u2/c2)
∂2Φ

∂x2
+
∂2Φ

∂y2
+
∂2Φ

∂z2
= − ρ

ε0
, (8)
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And using Eq. (7), Eq. (3) should be replaced by

(1− u2/c2)
∂2A∗x
∂x2

+
∂2A∗x
∂y2

+
∂2A∗x
∂z2

= − ρu

ε0c2
, A∗y = 0, A∗z = 0. (9)

Comparing Eq. (8) with Eq. (9) we have,

A∗x = uΦ/c2 , A∗y = 0 , A∗y = 0 . (10)

Therefore, to determineEEE andBBB we are only to determine Φ.

Now, following Thomson [1] we construct an auxiliary system (x′, y′, z′), where
the charged system is considered to be stationary such that [2]

x′ = γx, y′ = y, z′ = z; (k =
√

1− u2/c2, γ = 1/k) , (11)

which transforms Eq. (8) to Poisson’s format

∇′2Φ = −ρ/ε0 . (12)

Since this Eq. (12) is used to determine the potential of a stationary system of
charges as in Eq. (1), the problem is reduced to an ordinary problem of electro-
statics.

The auxiliary system constructed by Eqs. (11) is static and elongated (the system
S′). There, we have,

ρ′ = ρk , (13)

∇′2Φ/ = −ρ′/ε0 (14)

where ρ′ is the auxiliary charge density and Φ′ is the auxiliary scalar potential
or the mathematical auxiliary of Φ.

Constructions of auxiliary quantities for point charge electrodynamics are very
simple as the shape of the point charge is considered to be the same in the auxil-
iary system. But to deduce auxiliary quantities related with large charge electro-
dynamics is very difficult as large charges change their shapes in the auxiliary
system, which requires separate independent and complicated treatment.

Comparing Eq. (12) with Eq. (14) using Eq. (13), we have,

Φ = γΦ′ . (15)

Thus we see that the potential of a moving system of charges (S) is not connected
to the potential of the same system at rest (S0). That potential is related with
the potential of the stationary system (auxiliary system S′) in which all the co-
ordinates parallel toOX ,OY andOZ have been changed in the ratio determined
by Eq. (11).
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2.1.2 Relations of the electric field (EEE) and the induced magnetic field
(B∗B∗B∗) of a steadily moving system of charges with their auxiliary
counterparts

From the above analysis, we have, the following three equations:

Ex = −∂Φ

∂x
− ∂A∗x

∂t
= −∂Φ

∂x
+
u2

c2
∂Φ

∂x
= −∂Φ′

∂x′
= E′x ,

Ey = −∂Φ

∂y
−
∂A∗y
∂t

= −∂Φ

∂y
= −γ ∂Φ′

∂y′
= γE′y (A∗y = 0) ,

Ez = γE′z (A∗z = 0) .

(16)

E′x, E′y and E′z represent mathematical auxiliaries of the real field components
Ex, Ey , Ez .

Using Eq. (10) and the relationBBB∗ = ∇×AAA∗, we have for the induced magnetic
fieldBBB∗

B∗x = 0, B∗y = − u
c2
Ez [= −γ u

c2
E′z], B∗z =

u

c2
Ey [= γ

u

c2
E′y] . (17)

From which we get,
BBB∗= uuuEEE/c

2
. (18)

(a) Derivation of the E-field and B-field of a steadily moving point charge
using auxiliary equations along with other derivations using auxiliary
equation

Now suppose that a point charge moving with a velocity uuu in the OX direction
passes the origin of a co-ordinate system fixed with the free space at the instant t.

We are to determineEEE at P (x, y, z) at the instant t such that the point P makes
the angle θ at the origin with OX .

The auxiliary fields should be in the same form as those of the stationary fields
with the auxiliary co-ordinate notations (as a point charge is a point charge in
the auxiliary system)

E′x =
Qx′

4πe0r′3
, E′y =

Qy′

4πe0r′3
, E′z =

Qz′

4πe0r′3
, (19)

where E′x, E′y , E′z are the components of the auxiliary electric field at
P ′(x′, y′, z′) which is the corresponding point of P (x, y, z) whence, (using

Eqs. (16) and the relation r′ = (x′2 + y′2 + z′2)1/2 = γr(1 − u2

c2
sin2 θ)1/2

using Eqs. (11) [3])

E = (E2
x + E2

y + E2
z )1/2 = (E′2x + γ2E′2y + γ2E′2z )1/2

=
Qk2r

4πe0r3
(1− u2

c2
sin2 θ)−3/2 . (20)
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The auxiliary EEE′ is directed along OP ′(rrr′). Therefore, the real field EEE is di-
rected along OP (rrr). Now, remembering Eq. (18), we have [3]

BBB∗ = uuu×EEE/c2 . (21)

With a little analysis, it can be shown that Eqs. (20) and (21) are the same for
a charged ellipsoid having its axes with ratios k : 1 : 1 moving with a constant
translational velocity uuu in free space, k being in the direction of motion of the
ellipsoid. Thus Oliver Heaviside (1850–1925) the greatest electromagnetician
after Maxwell (1831–1879) has shown that a charged ellipsoid having its axes
with ratios k : 1 : 1 while moving with a constant translational velocity uuu in
free space produces the same external effect as that of a similarly moving point
charge [3, 4], k acting in the direction of motion of the charge.

(b) Electromagnetic momentum

The electromagnetic momentum of a Heaviside’s ellipsoid (with the axes δRk :
δR : δR) while moving rectilinearly with a velocity uuu in the OX direction in
free space is

Px =

∫
(DyB

∗
z −DzB

∗
y)dv =

u

c2
ε0

∫
(γ2E′2y + γ2E′2z )kdv′

[= γ
u

c2
ε0

∫
(E′2y + E′2z )dv′] (cf. Eqs. 16 & 17)

where dv is the volume element in the S system and dv = kdv′ is the cor-
responding volume in the S′ system. Here the S′ system is exactly a sphere.
Therefore, when evaluated between δR and∞,∫

E′2dv′ =
q2

4πε20δR
,

and each integral in the previous equation is equal to q2/12πε20δR. Therefore
[5–7],

Px =
q2uuu

6πε0c2δRk
= muuu , (22)

which is the electromagnetic momentum of a point charge moving rectilinearly
in free space with velocity uuu, where m0 and m are the electromagnetic masses
of the point charge moving with the velocities near zero and uuu, respectively in
free space such that

q2

6πε0c2δR
= m0 and

m0

k
= m. (23)
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(c) Electromagnetic force acting on a point charge moving in free space

(i) in a direction parallel to the direction of the uniform electric field operat-
ing in free space,

F‖ = (dP/du)a‖ = (m0/k
3)a‖ , (24)

where a‖ is the acceleration of the point charge in the direction parallel to
the field.

(ii) at a direction perpendicular to the direction of the uniform electric field
operating in free space

F⊥ = (|PPP |/|uuu|)a⊥ = (m0/k)a⊥ , (25)

where a⊥ is the acceleration of the point charge in the direction perpen-
dicular to the field.

(A general treatment will show FFF = mduuu/dt+ uuu(FFF · uuu)/c2) [5, 6].

(d) Energy of a point charge

Kinetic energy (K) of a point charge:

K =

u=u∫
u=0

FFF · dlll→
u=u∫
u=0

Fdx =

u=u∫
u=0

d

dt
(mu)dx

=

u=u∫
u=0

d(mu)u = mc2 −m0c
2. (26)

(e) Frequencies of light emitted from a source having a constant transla-
tional velocity in free space

Let an electric force FFF 0 (originating from a small charge) drive a point charge
back and forth from one end to the other end of a radiating dipole stationary in
free space. Then,

F0 = −m0ω
2
0S , (27)

the velocity of oscillation being small, where m0 is the electromagnetic mass of
the charge in the stationary dipole, ω0 is the radian frequency of oscillation of
the charge, S is the separating distance of the dipole.

Now, if the dipole moves with a velocity uuu in free space in any direction perpen-
dicular to its direction of oscillations, the electric force and the magnetic force
acting on the oscillating point charge will be respectively from Eqs. (20) and
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(21) (when θ = 90◦) γF0 and (u2/c2)γF0. Therefore, total electromagnetic
force acting on the moving charge is

FFF = γFFF 0 − (u2/c2)γFFF 0 = FFF 0k . (28)

Now, under the circumstance that the dipole moves and radiates, we have

FFF = −mω2SSS , (29)

wherem is the electromagnetic mass of the charge in the moving dipole, ω is the
frequency of oscillation of the charge which is moving with a velocity uuu in free
space with the dipole and FFF is the electromagnetic force acting on the moving
charge.

From Eqs. (25), (27), (28) and (29) for the dipole moving with an uniform
velocity in any direction perpendicular to its direction of motion, we have

ω = ω0k . (30)

Now, if that radiating dipole while moving with a velocity uuu towards a direction
parallel to OX , is seen from the origin at any point P which makes an angle θ
with OX axis at the origin, we have from Doppler

ωobserved =
ω0k

1+(u/c) cos θ
, (31)

hence
ωtrans. = ω0k , (32)

i.e., the well-known transverse Doppler effect, if the dipole moving in a direction
parallel to OX and oscillating in a direction parallel to OZ is seen at a point
(0, y, 0) from the origin.

(f) The period of oscillation (t) for a radiating dipole having a constant
translational velocity in free space

For a dipole stationary in free space,

t0 = 2π/ω0 , (33)

where t0 is the oscillation period and ω0 is the radian frequency. If the same
radiating dipole moves with a velocityuuu in free space, then for the moving dipole
the oscillation period t and radian frequency ω satisfy

t = 2π/ω . (34)

Comparing Eqs. (33) and (34) with Eq. (30), we have

t = γt0, (35)

or the period of oscillation of a moving dipole increases with its velocity in free
space.

151



Sankar Hajra

(g) Life spans of radioactive particles having a constant translational ve-
locity in free space

Consider two similar point charges tied by some unknown forces. The repelling
electric force is here tending to destroy the equilibrium whereas the unknown
forces are keeping the charges tied together. Therefore, spontaneous transfor-
mation of those particles should depend also on the repulsive electromagnetic
force, just as on time.

We see that the number of radioactive particles of one particular species de-
creases with time and the slowing down of the velocity of the particles. The
decrease obeys a certain law that we would like to find.

Let at the initial instant of t = 0, there be N0 radioactive particles of a par-
ticular species. Let us find the number N of those particles that will remain
untransformed by an arbitrary time t. Since we are dealing with spontaneous
transformation, we may presume that the rate at which the total quantity N of
radioactive particles is diminishing at any instant is: (i) proportional to the total
quantity N of radioactive particles present at that instant when the electromag-
netic force F acting inside the particles is constant, and (ii) proportional to the
electromagnetic force F acting inside the particles when N is constant, which
may be a priori plausible. Therefore we may write dN/dt = −λFN where F
and N both vary. Moreover, we have N = N0f(F, t).

In the circumstances where F is constant (i.e., where the radioactive particles
either at rest or at uniform motion of translation in free space), combining above
two equations, we have

N = N0e
−λFt , (36)

where λ is the proportionality constant with dimensions of Newton−1 second−1.

Now, if N0 radioactive particles of similarly charged bodies are at rest in free
space, and if we have N untransformed particles after the time t0, then we have

N=N0e
−λF0t0 , (37)

where F0 is the repelling force acting on the charged particles at rest in free
space.

Now if the charged particles move with a velocity uuu in free space in any direc-
tion perpendicular to their direction of oscillation, after a time t we will find N
untransformed particles such that

N=N0e
−λFt . (38)

Comparing Eqs. (36) and (37) with Eq. (38), we have

t = γt0 . (39)
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2.2 Auxiliary equations for a system of currents steadily moving in free
space

Suppose a stationary system (S0) imbued with an independent magnetic field
originating from some line current flowing within the system in an arbitrary
direction is moving with a constant translational velocity uuu in the OX direction
in free space. Then we have

∂2Ax
∂x2

+
∂2Ax
∂y2

+
∂2Ax
∂z2

− ∂2Ax
c2∂t2

= − ρVx
ε0c2

, (40)

∂2Ay
∂x2

+
∂2Ay
∂y2

+
∂2Ay
∂z2

− ∂2Ay
c2∂t2

= − ρVy
ε0c2

(41)

and the similar equation for the z-components. By using steady state operator [as
illustrated in Eqs. (5), (6) and (7)] with Thomson’s auxiliary equation as given
in Eq. (11), Eqs. (40) and (41) could be transformed (in the way previously
shown) to the following:

∂2Ax
∂x′2

+
∂2Ax
∂y′2

+
∂2Ax
∂z′2

= − ρVx
ε0c2

, (42)

∂2Ay
∂x′2

+
∂2Ay
∂y′2

+
∂2Ay
∂z′2

= − ρVy
ε0c2

(43)

and the similar equation for the z-component. Here ρVVV is the current density in
the S system.

In the auxiliary system S′, when the magnetic field depends on the length of the
current element but not on its cross section as in the case of a line current

∂2A′x

∂x′2
+
∂2A′x

∂y′2
+
∂A′x

∂z′2
= −ρ

′Vx
ε0c2

= − ρVx
ε0c2

√
1− u2/c2 , (44)

∂2A′y

∂x′2
+
∂2A′y

∂y′2
+
∂2A′z

∂z′2
= − ρVy

ε0c2
(45)

and the similar equation for the z′-component, as the current density for the x′-
component of the S′ system will change following Eq. (13), whereas the current
density for the other components of the S′ system will remain the same as before.

By comparison of (42) and (44), (43) and (45), we have

Ax = γA′x, Ay = A′y, Az = A′z . (46)

Whence

Bx =
[∂Az
∂y
− ∂Ay

∂z

]
=

[∂A′z
∂y′

− ∂A′y
∂z′

]
= B′x ,

By =
[∂Ax
∂z
− ∂Az

∂x

]
=

[
γ
∂A′x
∂z
− γ ∂A

′
z

∂x′

]
= γB′y ,

Bz =
[∂Ay
∂x
− ∂Ax

∂y

]
=

[
γ
∂A′y
∂x′

− γ ∂A
′
x

∂y′

]
= γB′z ,

(47)
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where A′x, A′y and A′z are the components of the Auxiliary magnetic poten-
tial in the imaginary elongated system S′. For the induced vector, we have the
relationEEE∗ = −uuu×BBB, from which we have using Eq. (47)

E∗x = 0, E∗y = uBz = γuB′z, E∗z = −uBy = −γuB′y. (48)

These equations correlate between the induced electric vector in the moving
system S and the auxiliary magnetic vector in S′.

2.3 Auxiliary equations for a system of charges and currents steadily
moving in free space

Now, suppose that a stationary system (S0, EEE0, BBB0) imbued with an indepen-
dent electric field EEE0 (originating from stationary charges) and an independent
magnetic field BBB0 (originating from line currents flowing within that stationary
system in any arbitrary directions) moves at the constant translational velocity uuu
in free space in the OX direction.

In the system S (S,EEE,BBB) there should be anEEE-field (for the motion ofEEE0 field
and related with the auxiliary EEE′ by Eq. (16)), a BBB-field (for the motion of BBB0

field and related with the auxiliaryBBB′ by Eqs. (47)), an inducedBBB-field (BBB∗) as
per Eqs. (17) and an induced E-field (EEE∗ as per Eqs. (48). Electric fields and
magnetic fields should be added separately.

Thus using Eqs. (16), (17), (47), and (48), we can derive the following auxiliary
field equations (S′,EEE′,BBB′):

Ex = E′x, Ey = γ[E′y + uB′z], Ez = γ[E′z − uB′y] ,
(49a)

Bx = B′x, By = γ[B′y − uE′z/c2], Bz = γ[B′z + uE′y/c
2]

or

E′x = Ex, E′y = γ[Ey − uBz], E′z = γ[Ez + uBy]
(49b)

B′x = Bx, B′y = γ[By + uEz/c
2], B′z = γ[Bz − uEy/c2]

whereEEE andBBB are the electric and the magnetic fields of the system of charges
and line currents having the constant translational velocity uuu in free space, and
EEE′ andBBB′ are corresponding auxiliary quantities.

Thus, we see that the electromagnetic quantities in our moving system S are
not connected with the same quantities of the same system at rest (S0). These
quantities of the moving system S are connected by the equation (49a) with the
corresponding quantities of the system (S′ in which the co-ordinates parallel to
the OX axis lying along the movement of the system have been elongated by
the Eq. (11).

Those Eqs. (49a) and (49b) are also valid for induced electromagnetic fields
when the inductor or the inducted body moves with respect to free space.
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(a) Velocity of light in a dielectric steadily moving in free space: Fresnel
drag coefficient in Fizeau experiment

Let a point charge Q at the time t pass the origin of a Cartesian co-ordinate
system constructed in free space. Let the charge have acceleration a in the nega-
tive direction of the OY axis. Then from Maxwell, a spherical wave will radiate
from the origin as it were a point source with the field vectors as function of
time and distance from the source. Now let this radiation pass through a piece of
stationary dielectric (refractive indexn) that touches the origin of the radiation.
Now let us concentrate on the propagation of the wave along OX direction in the
dielectric. We have now from Maxwell,

(E0)y =
µQa

4πx
, (B0)z =

√
εµ
µQa

4πx
(50)

As per previous discussion the auxiliary fields will be

E′y =
µQa

4πx′
, B′z =

√
εµ
µQa

4πx′
(51)

[ε – the permeability, µ – the permittivity of the dielectric, x′ = γdx (cf.
Eq. (11)) and γd = 1/kd where kd = (1− n2u2/c2)1/2 for the dielectric ].

Now the fields owe their origins from point charges and the fields are manifested
in the dielectric.

Therefore, from Eqs. (50) and (51), we have

(E0)y/(B0)z = E′y/B
′
z = c/n . (52)

Now if the dielectric moves with a velocity u in free space in OX direction,
the electric field inside the dielectric will change to Ey and the magnetic field
inside the dielectric will change to Bz and thereby the velocity of the ray in
the dielectric will change to (Vx) such that using Eqs. (49a) as modified for
dielectric, we get

Vx =
Ey
Bz

=
γd[E

′
y + uB′z]

γd[B′z + (u/c2)E′y]
. (53)

Now dividing the numerator and the denominator by B′z and, using, Eq. (52),
we have

Vx =
c/n+ u

1 + u/(nc)
= c/n+ u(1− 1/n2) . (54)

From which we get famous Fresnel’s drag coefficient, (1− 1/n2).

(b) Velocity of a charge in a steadily moving electromagnetic system

Suppose that a stationary system (S0) is imbued with an electric field (EEE0) and
a magnetic field (BBB0) and a point charge inside the system is acted by those two
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fields to move with a velocity υx in the OX direction. Then the y-component of
the Lorentz force acting on q should be zero, i.e.,

(F0)y = q[(E0)y − υx(B0)z] = 0 , (55)

from which we get
(E0)y/(B0)z = υx . (56)

For a steady motion of the point charge (test charge) with that velocity for all the
time, we are to construct the following field equations from an analogy of the
fields as given in Eqs. (50) and (51).

Therefore, we may write

(E0)y = Af(r), (B0)z = Af(r)/vx, (57)

where A is a constant and the origin of the fields are point charges.

The relevant auxiliary fields are

E′y = Af(r′), B′z = Af(r′)/υx . (58)

In that case, we have

if (E0)y/(B0)z = υx, then E′y/B
′
z = υx. (59)

Now, if the system moves with a velocity u in the OX direction in free space, we
have for the velocity (Vx) of test charge in the free space using Eqs. (49a)

Vx =
Ey
Bz

=
γ[E′y + uB′z]

γ[B′z + (u/c2)E′y]
, (60)

where Ey and Bz are the electric and magnetic fields due to the system of
charges and currents moving with the system.

Dividing the numerator and the denominator byB′z and using Eqs. (59), we have

Vx =
u+ υx

1 +
uυx
c2

. (61)

When the test charge moves in any arbitrary direction in XY plane in stationary
system (S0), we have

(E0)y/(B0)z = υx, (E0)x/(B0)z = υy . (62)

Now, if the system moves with a velocity u in free space in the OX direction
[using Eqs. (49a)], we have

Vy =
Ex
Bz

=
E′x

γ[B′z + (u/c2)E′y]
=

kE′x/B
′
z

1 + (u/c2)E′y/B
′
z

. (63)
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For steady motion we have (E0)x/(B0)z = υy as in Eq. (62) and therefore,
following arguments as given to construct Eq. (59), we have

E′x/B
′
z = υy . (64)

Now using Eqs. (59) and (64), we get from Eq. (63)

Vy =
υyk

1 +
uυx
c2

, (65)

and similarly,

Vz =
υzk

1 +
uυx
c2

. (66)

3 Derivation of Lorentz’s Auxiliary Time Equation from Maxwell

The first problem that Lorentz addressed was to model the potentials for charges
having a constant translational velocity in free space. Following Thomson he
solved this problem by transforming the d’Alembert equation in an invariant
form with Poisson’s in the auxiliary system. The second problem of Lorentz
was to model the radiation from steadily moving radiating bodies. He solved this
problem by transforming Maxwell’s equations for the moving radiating body to
the same form for the auxiliary system, which correlates between the static and
dynamic radiation states. We present this procedure below.

We could write the radiation equation of the ray emitted from a stationary dipole
(S0 system) as per Maxwell as follows:

�2EEE0 = 0 , (67)

whereEEE0 is the radiating electric field at a point (x, y, z) far outside the dipole.
The properties of the wave at that point could be determined from this equation.

Now let the dipole move in a steady motion. In that case electric field at the
point mentioned should be changed to EEE. Now the first question is whether the
dipole should radiate anymore at that point (x, y, z) or not?

It has been proved in [7] that if a stationary dipole radiates, it must radiate while
it is in steady motion. Therefore, we should conclude that the steadily moving
dipole (S system) must radiate and in that case the radiation equation as per
Maxwell could be written as follows:

�2EEE = 0 . (68)

Therefore, for this wave propagation in the S system, we have

x2 + y2 + z2 = c2t2 . (69)
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The properties of the wave from that steadily moving dipole at the point men-
tioned should be determined from Eqs. (67) and (69) in a Cartesian co-ordinate
format.

Now the question of Lorentz was: what are the relations between radiating prop-
erties of stationary radiating dipole (S0 system) with those of the steadily moving
dipole (S system)? The question could not be settled directly. Because as per
classical electrodynamics studied aboveEEE andEEE0 are not directly related. They
are related viaEEE′.

Therefore, to solve radiation problems in a way analogous to that shown in Sec-
tion 2, we are to keep the Maxwell’s equation in the same form in the S′ system;
i.e., it is now required that

�′2EEE′ = 0 , (70)

whereEEE′ is the auxiliary electric field in the S′ system. That is,

x′
2

+ y′
2

+ z′
2

= c2t′
2
. (71)

Let us now concentrate on Eq. (11). The Eq. (11) is used to study the situation
at the time t = 0 when the moving charge is at the origin of the frame fixed with
free space. At other instants the changing electric and magnetic fields will look
the same, although translated to the right by an amount ut. Therefore, in the
general case, Eq. (11) will be transformed to the following format:

x′ = γ(x− ut), y′ = y, z′ = z. (72)

Now subtract Eq. (69) from Eq. (71) and use Thomson’s modified auxiliary
Eq. (72)

c2t′
2−c2t2 = x′2−x2 = γ2(x−ut)2−x2, c2t′

2
= γ2(x−ut)2−x2+c2t2 ,

from which we get
t′ = γ(t− ux/c2) , (73)

the famous auxiliary time equation of Lorentz. Lorentz derived this equations
from classical electrodynamics.

Therefore, we find that all electrodynamic equations [Eqs. (72) and Eq. (73)]
used by the relativists are classical!

Note that the auxiliary equations are not real. These are mathematically invented
trick-equations to solve electrodynamic problems easily and correctly.

4 Nature of Electric and Magnetic Fields: Null Result of
the Michelson Morley Experiment

Electric and magnetic fields possess momenta and energies that we could expe-
rience with our sense organs. Therefore, electric and magnetic fields are real
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physical entities (objects). All physical objects are subject to gravitation. They
are carried with the Earth at the near vicinity of its surface. They spin, translate
and rotate, too, with the Earth at its surroundings. The electric and magnetic
fields should similarly be subject to gravitation and should similarly be carried
with the Earth at its near vicinity. They should similarly spin, translate and ro-
tate, too, at the surroundings of this planet. Thus the problem of interpreting the
M-M type experiments vanishes as light is simply a vibration of electromagnetic
fields and the Earth carries these fields along with it.

5 Non-null Result of the Michelson-Gale Experiment Assisted by
Pearson

Now if electromagnetic fields be the subject to gravitation, light should be sub-
ject to gravitation and Coriolis force due to the spinning of this planet should act
on ever-moving light. As a consequence, the clockwise beam and anticlockwise
beam on the surface of the spinning Earth should travel different paths to meet
the point whence the journey starts. This will immediately explain the non –null
result of the M-G type experiments [8].

6 The Experiments of Michelson-Gale Assisted by Pearson (1925),
Bilger et al. (1994)

Earth carries electromagnetic fields along with it and thereby light at the vicinity
of its surface should be affected by the Coriolis force due to the spinning of
Earth.

Let us choose a point O (Figure 1) [8] with the latitude α0 North and construct
a tangential plane at this point. Now let us fix a Cartesian co-ordinate system in
the plane such that OY represents the North and OX represents the East. Now
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Figure 1. Paths of the opposing circuital light beams on the spinning Earth in the Northern
Hemisphere
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suppose that Earth is not spinning and an element of light beam is arranged to
move from a point P in the OY axis at the instant t = 0 in a small circular
motion in the clockwise direction such that at the time t it touches the point Q
in the OX axis and say OP = OQ = r. That is when t = 0, x = 0, y = r and
when t = t, x = r, y = 0.

Now suppose that Earth spins with an angular velocity Ω. Then the Coriolis
force due to the spinning of Earth should deflect the beam mainly westward and
the beam will not touch the pointQ. Instead it will touch a pointR very adjacent
to the OX axis. Now for a rough calculation of the distance OR, let us consider
the motion of the beam on the OY axis with a velocity c from the point P to the
point O directly. In this case, Coriolis force Fx is acting on the beam and so we
may write,

Fx = −2mΩ× v = −2mΩc sinα , (74)

where m is the mass of a moving photon (the rest mass of a photon is 0, but the
mass of a moving photon is E/c2, E being the energy of the moving photon.

Therefore, from Eq. (74), we have Coriolis acceleration

ax ≡
d2x

dt2
= −2Ωc sinα , (75)

dx

dt
= −2Ωc(sinα)t+ C1 , (76)

x = −Ωc(sinα)t2 + C1t+ C2 . (77)

Remembering the initial condition and taking into account t = r/c, we have

x = −Ωr2 sinα/c , (78)

which is the inflection of the beam towards the centre of the circle. Therefore,
in that case, for the clockwise beam, the radius of circuit (Figure 11b) is

OR = r − Ωr2

c
sinα . (79)

For the beam moving in the anticlockwise direction, the radius of circuit (Fig-
ure 1a) will be

r +
Ωr2

c
sinα . (80)

The path difference between the anticlockwise and the clockwise beams after
one complete rotation

2π(r +
Ωr2

c
sinα)− 2π(r − Ωr2

c
sinα) =

4ΩA

c
sinα , (81)

where A is the area of the circle.
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From the last two equations we have for one complete rotation, time lag

∆t =
4ΩA

c2
sinα , (82)

Fringe shift =
4ΩA

cλ
sinα =

4ΩA

cλ
cos(900 − α) =

4ΩΩΩ ·AAA
cλ

, (83)

where A is the area of the circle. Fringe shifts relating to Eq. (83) seem to be
verified by the experiments of Michelson-Gale-Pearson and Bilger et al.

7 Aberration of Astral and Terrestrial Light

Let us watch the journey of a light ray from the surface of an overhead star to the
surface of Earth. As long as the ray is at the surroundings of the star, it will be
carried with the star. When this ever traveler comes to the surroundings of the
Sun, it will be carried with the Sun. Then it will come near the electromagnetic
field coverage of Earth where there will be an appreciable relative motion be-
tween the two. Therefore, the ray will strike the electromagnetic field coverage
of Earth at an angle θ, such that tan θ = u/c.

Then it will enter into the surroundings of Earth and will be carried with Earth.
Therefore, when Bradley sees the overhead star through a telescope, he finds
that the aberration angle is θ such that

tan θ = u/c, (84)

where u and c are neither related with free space nor with astral space. u and
c are velocities of Earth and the ray with respect to the solar space as has been
observed by Bradley (Figure 2, left side picture). Now if the telescope is filled

Earth moving: When light is interacting with the gravitating field of the Earth
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Figure 2. Aberration of astral light through air and water
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with water, the velocities of light inside water must be c/n. But there will be no
relative motion between the ray and Earth as Earth is carrying the electromag-
netic fields along with it. Therefore, the aberration angle will remain the same
as observed by Airy (Figure 2, right side picture).

More interestingly, in such a situation, a ray coming from a mountain top has no
aberration as observed by Zapffe’s (1992) as there is no relative motion between
the ray coming from the mountain top and Earth because Earth carries the ray
along with it.

8 Conclusion

All these imply that electromagnetic entities are subject to gravitation and at
the near vicinity of the Earth surface these entities just like all other physical
objects translate, rotate and spin with the translation and rotation and spinning
of the Earth and experience Coriolis force while in motion, and this Newtonian
consideration along with Maxwell’s electrodynamics will explain all puzzling
electrodynamic phenomena easily and rationally.
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