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Abstract. For studying the details of the physical processes concerning space-time relations of
signal exchanges in moving inertial-systems, it is purposeful to make at first a short exposition
of the kinematics of electromagnetic wave propagation from a moving source to a stationary or
moving field point in the free unbounded space. An introductory analysis on the kinematics of
wave propagation from a source to an observer in a moving inertial system follows thereafter,
primarily for elucidating the natural causality of the source and the observer remaining centered
at the common midpoint of the radiating waves, without undergoing any relative drift. Special
emphasis is then put to study the space-time relations of wave propagation from a source to
an observer in the moving inertial system. The use of the emitting and receiving signal-cones
in the moving system, with their common plane-cut, provides all the details with convincing
insights concerning the causality and effect, both in the absolute space and in the Lorentz-space.
The essential findings are elucidated with application to numerical examples and corresponding
illustrations.
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I. Introduction

The mathematical physics concerning the origin and propagation of waves in free
unbounded medium have been postulated quite early and led to the foundation of
the classical wave equations.

The celebrated contribution of Maxwell [1] establishing the theory of propa-
gation of electromagnetic waves and its experimental confirmation by Hertz [2]
brought in a new field for further extensive studies. A few selected works as con-
tributed by Heaviside [3], Lorentz [4] and FitzGerald [5] are being mentioned. For
the solution of the wave equations concerning spatial propagation of light rays,
the methods given by Kirchhoff [6] are of essential value.
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For wave propagation from moving sources, the temporal-dilations causing fre-
quency changes in the receiving signals at field in the free space were postulated
quite early by Doppler [7], while the spatial-dilatations leading to effective emitting
volume during electromagnetic radiation from moving electrons have been derived
independently by Liénard [8] and Wiechert [9]. Following a suggestion of Maxwell
a very ingeniuos experiment was carried out by Michelson and Morley [10] to study
the effect of relative medium shift on electromagnetic signal changes in an inertial
system moving with the earth – the rays being directed along and crosswise to
the orbital motion of the earth. The experimental findings revealed some unex-
pected results, the causality of which has been based until now on hypothetical
conjectures as proposed by FitzGerald [11].

The first few who devoted themselves in studying the transformation properties
of the Maxwell-equations concerning the basic space-time relations in moving in-
ertial systems, were Voight [12], Lorentz [13], and Poincaré [14], thus establishing
the principles of relativity. The essential physical elucidations were given however
by Einsten [15], and the theory was significantly extended by him to relativistic
mechanics and relativistic electrodynamics. The basic mathematical foundation
on the space-time relations in moving inertial systems was established thereafter
by Minkowski [16] in a very convincing way. Further studies on the theory of rel-
ativity were continued by others, of which the contributions of Planck [17], Pauli
[18], and Eddington [19] are cited here. For expressing the Maxwell-equation in
moving inertial systems, the derivation as given in the text book Landau and Lif-
schitz [20], Jeans [21], and Sommerfeld [22] are useful. The text book Stratton
[23] deals with many aspects of electromagnetic wave propagation including de-
tailed mathematical derivations. An extensive and very excellent review on the
theory of relativity is given by Whittaker [24] containing many interesting and
illuminating details. The original papers of Lorentz, Einstein and Minkowski on
the basic principles of relativity are reproduced as collected treatise once again
in [25]. Some recent contributions in this field are cited in the publications [26]
and [27]. However, they bring no new ideas concerning the real significance of the
hypothetical conjectures which are used all through the time. It is interesting to
note that the close interconnection of space and time was anticipated long time ago
by the famous philosopher Kant [28], as expressed in his well emphasized remarks:
“The shape of an object as it appears to an observer depends on the corresponding
nature of perception in relation to space and time.”

The wave equations for sound fields in unbounded isotropic medium were es-
tablished and solved by Lagrange [29], Euler [30], Poisson [31], and Cauchy [32]
quite a long time ago. However, the study of sound fields in moving inertial sys-
tems was taken up much later, as are known from the works of Hönl [33], Küssner
[34], Rott [35], and Billing [36].

While the mathematical theory of relativity, concerning basic space-time re-
lations in the process of electromagnetic wave-propagation in moving inertial-
systems, is quite well established, it contains still the hypothetical assumption
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of length dilatations, denoted as FitzGerald–Lorentz contraction. The causality
of this connection was not understood until now and it gave rise to many obscure
conjectures. The improper reasoning were set to strong criticism as expressed by
renowned physicists (see [25] p. 3; p. 7; p. 59 and [18] p. 15). Furthermore, due to
the fact that an observer in a moving inertial frame, having the same space-time
trajectory as the emitting source, can not perceive the drift of the moving source
relative to the centers of the radiated waves in the space, some further hypothesis
had been resorted without the required analysis. So some salient features con-
cerning the changed perception of the space-time relations for signal exchanges in
moving inertial systems remained unexplored.

In the present paper the physics and kinematics of wave propagation from
moving sources and signal exchanges in moving inertial frames are investigated
in detail, primarily for analyzing the causalities concerned with the space-time
relations known from the principles of relativity. Special emphasis is put to study
the process of signal exchanges in inertial systems moving with the source. It is
clearly demonstrated, that the perceived space-time relations in the moving inertial
system arise in a natural way, without resorting to any hypothetical assumptions
and have their full validity, irrespective of the presence of absence of a stationary
medium in the free unbounded space. The analysis elucidates clearly and in a
very convicting way the significance and the real physical nature of length- and
time-dilatations in the process of signal-reception and signal-exchanges in moving
inertial systems. All the findings are illustrated and confirmed with numerical
examples and corresponding expositions as space-times diagrams.

The method of analysis, as outlined, is analogically applicable for studying
wave propagation from acoustic- and aerodynamic-sources in an inertial-system
moving in a compressible medium, provided the requirements of small disturbance
assuring the validity of linearised theory remain fulfilled.

II. The basic equations describing the generation and propagation
of waves in an unbounded isotropic space
The mathematical physics concerning the generation and propagation of waves
in elastic media had been worked out quite early and led to the foundation of
wave propagation from acoustic sources. The formulation of the wave equations
for electromagnetic wave propagation in isotropic unbounded space evolved much
thereafter through the celebrated contribution of Maxwell [1], the theory being
confined to the case of waves emitted from stationary sources.

A. The basic equations describing the generation and propagation of
electromagnetic and acoustic waves
Wave equations for electromagnetic fields in unbounded space

Based on the experimental findings of Faraday and Ampère the following two elec-
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tromagnetic laws of physics had been deduced by Maxwell [1] with great ingenuity:∮
E · dl ≡

∫
S

(∇× E) · ndS = −κ̄
∂

∂t

∫
S

H · ndS∮
H · dl ≡

∫
S

(∇×H) · ndS = ε̄
∂

∂t

∫
S

E · ndS +
∫

S

H · ndS

(2.1)

with

∇×H = J + ∂D/∂t; ∇ ·H = 0; B = κ̄H

∇×E = −∂B/∂t; ∇ · E = q/ε̄; D = ε̄E

where E and H are respectively the intensities of electrical and magnetic forces,
∂D/∂t is the displacement current, as termed by Maxwell, ∂B/∂t the time rate
of change of magnetic flux, J the conduction current density, and q is electrical
charge per unit volume.

Taking the curl of the surface integrals in eq. (2.1), thereafter using the basic
relations linking E and H and the identity ∇×∇×~a = ∇(∇· ~A)−∇2A, as shown
by Maxwell, one obtains the electromagnetic wave equations:

∇2H − ε̄κ̄
∂2H

∂t2
= −∇× J

∇2E − ε̄κ̄
∂2E

∂t2
= κ̄

∂J

∂t
+
∇q

ε̄

(2.2)

where c =
√

1/ε̄κ̄ denotes the wave velocity and the R.H.S. represents the in-
cluding sources to cause electromagnetic wave propagation. In the unbounded
free space the right hand terms become zero, thus yielding homogeneous wave
equations.

Wave equations for acoustic fields in unbounded compressible medium

The basic physics of disturbance propagation in a fluid medium are adequately
described by using the conservation laws of mass, momentum and energy of fluid
elements. Following the Euler equations of motion in a medium-fixed coordinate
system the first two conservation laws read:

∂ρ

∂t
+

∂

∂xi
= q̃(x, t)

∂(ρvi)
∂t

+
∂p

∂xi
= F̃i(x, t)

(2.3)

with i = 1, 2, and 3, q̃ = flux of mass per unit volume in unit time. Using the
isentropic relation ∂p = c2∂ρ and applying the operator ∂/∂t to the first equation
and ∂/∂xi to the second set and subtracting the first from the latter, it yields

∂2ρ

∂x2
i

− 1∂2ρ

c2∂t2
= − 1

c2

[
∂q̃

∂t
(x, t)− ∂F̃i

∂xi
(x, t)

]
. (2.4)
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This is the acoustic wave equation with the R.H.S. denoting the initiating sources
caused by the time rate of change of mass flow or by an external force. Using the
isentropic condition relating ρ, p and u in the disturbance field, the wave equation
(2.4) is also valid for the perturbation pressure and velocities in the medium.

The wave equations expressing signal emission from a stationary source at
Pν(xν , tν) and signal reception at a field point P (x, t0) in the free unbounded
space reads:

∇2A− 1
c2

d2A

dt2
= Ω(t), (2.5)

where Ω(t) represents the inducing source terms at the emission point. For spatial
radiation of signals, the solution of eq. (2.5) comes out as:

A(x, h, t0) =
1
4π

∫
Ω(tv)

rv
dv0. (2.6)

The radiated signals, as perceived at a field point P (t0) will amount to:

A(x, h, t0) =
A0e

(ωt0−k̄rν−α)

4πrv
, (2.7)

where Ω(tv) is represented by a simple harmonic disturbance source and rv/c
yields the time lapse or the retardation time between emission and reception of
the signals and k̄ = ω/c.

It is most remarkable to note that the electromagnetic waves as expressed
by the eq. (2.2) are mutual-inducing and hence self-initiating propagation fields,
without participation of any medium quantity. Furthermore, they are transversal
waves, maintaining their vector properties while radiating in the radial or longi-
tudinal direction. In contrast to this, the acoustic waves are longitudinal waves,
needing an elastic medium with active participation of the medium quantities for
the propagation. Hence, the propagation of acoustic waves may become complex
if the medium properties undergo appreciable changes. From this consideration
it will be simple to analyze the physics and kinematics of wave propagation in
electromagnetic fields. The kinematics of signal radiation and reception can be
analogously applied to the field of acoustic waves.

B. The kinematics of wave propagation from stationary and moving
sources in an unbounded isotropic space

When electromagnetic waves are emitted from a stationary or a moving source
at the point Pv(xv, tv) and the signals are propagated to a receiving field point
P (x, t0) in the time interval (t0 − tv), the space-times relation can be expressed
as:

rv =
[
(x− xv)2 + (y − yv)2 + (z − zv)2

]1/2
= c(t0 − tv). (2.8)
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Figure 1. Kinematics of wave propagation from a moving source in an unbounded isotropic
space.

For spherical propagation of the waves in an isotropic space, eq. (2.8) can be
simplified to

rv =
[
(x− xv)2 + (h− hv)2

]1/2
= c(t0 − tv) (2.9)

with h = (y2+z2)1/2, thus reducing the problem to three-dimensional coordinates,
which is easy to illustrate, as shown in Fig. 1.

In the space-times coordinates eq. (2.9) represents an expanding circular cone
having a semiapex angle of π/4, with the apex being fixed at the emitting location
Pv of the source at time tv and the t-coordinate forms the vertical axis of the
cone. A horizontal cut through the cone represents the physical space at time t0,
depicting the reactive locations of the field point at a radial distance rv from the
emitting point.

In case of a moving source having a constant velocity V along the trajectory
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x, its shift in the time interval (t0 − tv) between signal perception at P (x, t0) and
signal emission from Pv(xv, tv) will amount to:

x0 − xv = V (t0 − tv) = µrv. (2.10)

If at the time t0 the relative orientation r0, ϑ0 between P0 and P is prescribed,
as shown in Fig. 1, one can easily determine the propagation radius rv and the
propagation angle ϑv of the signal just reaching P . From the triangle P0PPv in
the physical plane, one can write

(1− µ2)r2
v − (2µr0 cos ϑ0)rv − r2

0 = 0
rv cos ϑv − µrν − r0 cos ϑ0 = 0

(2.11)

yielding two equations for the two unknowns rv and ϑv. Thus one obtains

rvj

r0
=

1
1− µ2

{
µ cos ϑ0 + (−1)j+1

√
1− µ2 sin2 ϑ0

}

cos ϑvj = µ +
(1− µ2) cos ϑ0

µ cos ϑ0 + (−1)j+1
√

1− µ2 sin2 ϑ0

(2.12)

with j = 1 for µ < 1 and j = 1 and 2 for µ > 0. For electromagnetic waves the
solution is confined to µ < 1, whereas for acoustic waves both the solutions for
µ < 1 and µ > 1 are valid.

C. Method of solution of the wave equation for signals emitted from
moving sources

The inhomogeneous wave equations as expressed by eq. (2.2) and (2.4) can be
solved by the method derived by Kirchhoff [6] using a suitable Green’s function
for the problem. For sources moving in an unbounded isotropic space at rest, the
wave equation can be written as:

∇2A− 1
c2

D2A

Dt2
= Ωδ(x0 − xv − µrv) (2.13)

with
D2

Dt2
=

[
∂

∂t
+ V

∂

∂x

]2

and Ω denotes a source function. The particular solution of the wave equation for
a moving system will read:

A(x, y, z, t) =
1
4π

∫ {
Ωdx0

rv
δ(χv)

}
dxv

dx0
δ(χ′

v), (2.14)

where χv = (x0 − xv − µrv), and rv =
√

(x− xv)2 + h2 denotes the propagation
radius of the signal from the emitting point.
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Furthermore

χ′
v =

∂χv

∂x0
=

(
1− dxv

dx0
+ µ cos ϑv

dxv

dx0

)
= 0 (2.15)

yielding
dxv

dx0
δ(χ′

v) =
1

1− µ cos ϑv
, (2.16)

where cos ϑv = (x− xv)/rv.
Using the relation in eq. (2.16) the solution of the wave equation for moving

sources as expressed in eq. (2.14) can be written as:

A(x, y, z, t) =
1
4π

∫
Ω(t)dx0

rv(1− µ cos ϑv)
(2.17)

This solution was originally derived for electromagnetic wave propagation –
however it is also applicable analogously for aerodynamic and acoustic disturbance
fields of moving sources.

III. The spatial- and temporal-dilatation arising in the mechanics
of wave propagation from moving sources

The kinematics of signal propagation from a moving source in an unbounded
medium at rest have been discussed in section II.B. It is purposeful to consider now
a moving source of elemental length dl and study the physics of space- and time-
dilatations in the signal emission and reception, once in the space-time coordinates
and then in the physical space.

A. The spatial dilatations of the emitting source elements as depicted
in the space-time coordinates

A source element of length dl, moving with a constant velocity µ = V/c along the
x-axis, is emitting signals which are received at the field point P at a given instant
of time t0. The relative orientations of P (t0) from the midpoint of the elemental
source P0(t0) is r0, ϑ0 as is shown in Fig. 2. In order to find the effective length
of the emitting element, from which signals reach P (t0) all at the same instant
t0, the signal receiving cone with its apex at P (t0) may now be used to cut the
path line of the moving source element at 1 and 2. The emitting source element
during its passage from 1, to 2 cut the cone surface, thus fulfilling the condition
rv = c(t0 − tv).

Accordingly all the signals from this region will reach P just at the time instant
t0. The resulting emitting length dlv can be well recognized in the physical plane
obtained by a horizontal cut at t = t0.
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Figure 2. Effective dilatation of the emitting volume of a moving source as arising from the
kinematics of signal propagation.

From the simple kinematical relations as are depicted in the same plane, one
can write

dlv = dl0 + µ(rv1 − rv2) (3.1)

setting (rv1 − rv2) = drv = dlv cos ϑv, eq. (3.1) yields:

σL =
dlv
dl0

=
1

1− µ cos ϑv
(3.2)

The spatial dilatations of the emitting volumes of moving electrons as sources
had been first analyzed by Liénard [8] and Wiechert [9] by considering relatively
more involved kinematics in the physical plane. Since then the spatial dilatation
of moving sources as expressed by eq. (3.2) is known as Liénard–Weichert effect.
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B. The spatial dilatations as observed in the physical space and the
concept of effective propagation radius

From the kinematics of wave propagation from moving sources as expressed in
eqs. (2.11) and (2.12) it is easy to locate the shift in the emitting position corre-
sponding to a change dx0 or dh0 of the source position, when the orientation r0, ϑ0

between P0 and P is prescribed. This general approach enables to determine the
emitting volume of moving source.

The spatial-dilatation of the emitting volume for elemental length dl0 = dx0 of
the moving source comes out to be:

σv =
dvv

dv0
=

dxvdydz

dx0dydz
=

1
1− µ cos ϑv

. (3.3)

This relation is universally valid for different orientation of an elemental source
moving along its trajectory as can be easily verified.

In the solution of the wave equation arising from moving sources the quantities
rv and σv appear together as follows:

dvv

rv
=

dv0 · σv

rv
=

dv0

rv(1− µ cos ϑv)
=

dv0

r∗v
(3.4)

Accordingly r∗v = rv(1− µ cos ϑv) is defined as an effective radiation distance.
Writing rv and ϑv in terms of r0, ϑ0 the effective radiation distance can also be

expressed as:
r∗v = r∗0 = r0

(
1− µ2 sin2 ϑ0

)1/2
. (3.5)

Eq. (3.5) is commonly used, when the field points and source points have a
common motion, as in a moving inertial system. The relation r∗v/r0 = f(µ sin ϑ0)
yields an ellipse as shown in Fig. 3 and is universally valid for all µ and ϑ0 values
in the surrounding field.

C. The Doppler-effect arising from temporal dilatations of the propa-
gating signals due to relative motion of a source and a field point

When evaluating the spatial-dilatation of a moving emitting element, the instant
of time for signal reception at a field point, fixed or moving, is sharply defined to
be at time t0. In contrast to this, the Doppler-effect compares the period of signal
reception dt0 at a field point to the of signal emission from a moving source during
a prescribed time interval dtν .

If the wave propagation process is depicted in the space-time coordinates, it
offers a clear elucidation of all the details, as shown in Fig. 4. The emitting source
at Pv moving with a velocity µ shifts from the position 1 to 2 in the time dtv and
the spreading of the signal cones from 1 and 2 can be followed due to the relation:

rv =
[
(x− xv)2 + (h− hv)2

]1/2
= c(t0 − tv). (3.6)
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Figure 3. Effective propagation radius of waves emitted from a moving source and meeting an
arbitrary field point in space.

Figure 4. Wave propagation from a moving source and the Doppler effect in signal reception at
the stationary or moving field points.
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The signal receiving periods at different field points, stationary or moving can be
simply evaluated, as is shown in this space-time diagram. The detailed kinematics
of signal emission and reception between moving sources and moving field points
can be analyzed directly by using the following relations:

c(t01 − tv1) = rv1

c(t02 − tv2) = rv1 − cµ cos ϑvdtv + cµR cos ϑRdt0,
(3.7)

where µR denotes the Maxwell-number of the moving field point. Subtracting the
above equations from each other and separating the terms with dtv and dt0, one
obtains for µR 6= 0

σD =
dtv
dt0

=
1− µR cos ϑR

1− µ cos ϑv
, (3.8)

while for µR = 0

σD =
dtv
dt0

=
1

1− µ cos ϑv
. (3.9)

Eq. (3.8) and (3.9) yields the frequency changes of the signals received at a
field point compared to the frequency of the emitted signals, and are denoted as
Doppler effect.

IV. Extended analyses based on the classical field theories for
signal exchanges in moving inertial systems

When electromagnetic waves are emitted from moving sources in an unbounded
isotropic space at rest, they propagate symmetrically around the corresponding
emitting point at Pv(xv, tv), while the source itself shifts with a velocity µ along
the x-axis. Thus, in the space-time coordinates the emitted waves spread along
the surface of right circular cones, with the vertical time-axes emanating from the
particular emitting point as apex, as has been already elucidated in section II.
However, for the perception of the radiated waves at any given time t0 > tv in the
free space, it makes a great difference when the observer moves with the inertial
system of the moving source or is at rest at a particular emitting point Pv(xv, tv),
in the free space. The space-time relation of the wave radiation as perceived will
depend absolutely on the nature of cut of the receiving signal-cone of the observer
and the particular emitting signal-cone of the moving source. This forms the basis
of the space-time relations of signal radiation in moving inertial systems.

A. Introduction of the Lorentz-transformation for studying wave prop-
agation in moving inertial systems

From the kinematics of wave propagation in inertial systems, stationary or moving,
it has been illustrated that the isotropic nature of the signal radiation remains
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fulfilled. This signifies the invariance property of the following expression:

r2
v − c2(t− tv)2 = r̃2

v − c(t̃− t̃v)2 (4.1)

For motion of the inertial system along x, the coordinate points in the trans-
verse direction h and hence along y and z remain unchanged. So letting x̃v and
t̃v coincide with xv and tv at the coordinate origin, eq. (4.1) simplifies to the
expression:

x2 − (ct)2 = x̃2 − (ct̃2)2. (4.2)

This interrelation is fulfilled by the equation

x̃ = x ch ψ + ct sh ψ

ct̃ = x sh ψ + ct chψ.
(4.3)

Hence the transformation relation is to be based on the rotation of the x̃, ct̃-
coordinates from the x − ct-coordinates by using the parameter ψ. Putting the
coordinate origins at x = 0, one obtains:

tghψ =
x̃

ct̃
=

V

c
= µ (4.4)

thus yielding, shψ = µ
√

1− µ2 and chψ = 1/
(√

1− µ2
)
. Hence, eq. (4.3) reduces

to:
x̃ =

x + µct√
1− µ2

; ỹ = y; z̃ = z

ct̃ =
ct + µx√

1− µ2
.

(4.5)

These are the basic relations of the Lorentz-transformation, as are elucidated
in Fig. 5a. The interrelations of the unit scales along x and x̃ was derived by
Minkowski [16] for all values of µ < 1, as is illustrated by the hyperbola in Fig. 5a,
being described by the equation:

1
R2

0

[x̃2 − (ct̃)2] = 1 (4.6)

yielding,
ẽ(x)
e(x)

=
ẽ(t)
e(t)

=

√
1 + µ2√
1− µ2

. (4.7)

Wave propagation from a moving source in an unbounded space at rest is
depicted in Fig. 5b, as is observed in the absolute system and in the Lorentz-
inertial system. Considering the field points on the radial lines r0 emanating from
the moving source in Fig. 5b, the waves in the Lorentz-space radiate symmetrically
around P0 as center, and being coplanar pass through the field points lying on a
given transverse coordinate line h.

The kinematics of wave propagation from a moving elemental source of length
dx0, being located at the point P0(x0, t0) and the reception of the emitted signals
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Figure 5. Introduction of the Lorentz-coordinates and exposition of the wave propagation as
perceived in the moving system.

at an arbitrary field point P (x, h, t0) at the time t0, in the unbounded space at
rest are illustrated in Fig. 6, once by considering the propagation in the absolute
space in comparison to that in the Lorentz-space. Some relevant details on the
kinematical process, as can be naturally perceived, are provided in the inset-figures
6a and 6b.

Using the geometrical relations as depicted in Fig. 6, and scale relations given
in Eq. (4.7), it follows directly:

r̃v =
[
(x− x0)2

1− µ2
+ h2

]1/2

=
r∗v√

1− µ2
(4.8)

and

dṽ0 =
dx0√
1− µ2

· dh0 =
dv0√
1− µ2

. (4.9)

Thus, for waves emitted from a moving elemental source of volume dv0, lo-
cated at the point P (x0, t0) at the time t0, the electromagnetic signal-strength as
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Figure 6. Waves emitted from a moving elemental source and signal perception at field points
in the stationary and moving system.

perceived at the field point P (x, h, t0) will allow amount to:

Ã(P ) =
S̃dṽ0

r̃v
=

S̃dv0

r∗v
= A(P ). (4.10)

Hence, it is confirmed, that the physical process of wave propagation in the
two systems are equivalent.

B. Detailed analysis of the kinematics of signal emission and reception
in a moving inertial system

While the process of signal emission and propagation remains identical for station-
ary or moving sources in an unbounded space, the kinematics concerning signal
reception undergo essential changes, when it is perceived by an observer moving
with the inertial system. This is well illustrated in Fig. 7 for the case of waves
or signals emanating from a moving source at Pv(tv) and their reception at a sta-
tionary and a moving field point at a given instant of time t0. For the stationary
observer at P the emitted wave at the cut of the receiving signal cone has the
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Figure 7. Kinematical elucidation that the relative drift of a moving source cannot be
perceived by observer in the moving system.

radius:
rv = c(t0 − tv) = R0. (4.11)

The moving observer at P̃ , being shifted by the amount µc(t0 − tv) from P ,
will see the wave at the cut 1̄–2̄ of its receiving signal cone. The cut defines the
ellipse with the semi-axes

ãx = R0

√
1 + µ2

ãh = R0

√
1− µ2

(4.12)

having the midpoint at P̃0. It is to note that the shift in the position of the wave
with respect to the source location as is depicted in the cut 1–2, which arises due
to the relative shift µrv of P̃0 in space, is not perceived at the moving field point
P̃ . When scale factors are taken into account for the coordinates of the ellipse, as
will be shown in the next section, it converts to a circle and appears as such to
the observer at P̃ . Hence, for an observer in a moving inertial system, with the
same space-time trajectory as the moving source, the propagating waves around
it retain their concentric rotational symmetry without any relative drift.

An analysis of the wave propagation from a point source in an unbounded
space at rest is undertaken once more by using Fig. 8, for studying the causalities
in detail. The wave emitted at Pv(tv) radiates along the emitting signal cone
and is observed from stationary and moving reference at a prescribed time t̄0. The
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Figure 8. Waves radiating from an emitting source, as perceived by observers in a stationary
and a moving system at the time t̄0.

signal cone from P (t̄0) intercepts the wave in the horizontal space plane at a radius
rv(ϑv) = R0 = const., while the signal come from P̃ (t̄0) cuts the emitting signal
cone along an ellipse with the semi-axes c̃x and ã)h. Considering the scale factors
along x̃ and h̃ as given by eq. (4.7) the ellipse is effectively a circle, with:

ãx = R0

√
(1 + µ)2 ·

√
1− µ2√
1 + µ2

= R0

√
1− µ2

ãh = R0

√
1− µ2.

(4.13)

Hence, in the Lorentz-space one obtains

R̃0(ϑ̃0) = R0

√
1− µ2

τ̂ = τ0

√
1− µ2.

(4.14)

This is an important finding, showing that in a given time period τ0/2, referred
to the absolute system the perceived radiation of the wave in the Lorentz-space
comes out as smaller than that in the absolute space by the ratio β =

√
1− µ2.

In order that the receiving signal cone of the moving observer cut the emitting
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signal cone from Pv along an ellipse with the half-axis ãh = ah = R0, the inclined
cut occur at a radius of R0/β of the emitting cone. This will yield

R̃0 =
R0

β

√
1− µ2 = R0. (4.15)

C. Extended analysis of the condition for simultaneously, isoperiodicity
and isointensity of signal exchanges in a moving symmetrical system

The process of signal exchanges in a moving inertial system, having rigid physical
entity, is of primary interest and will be studied now. From the space-time relations
expressed by the Lorentz-transformation it is evident that for simultaneity and
isoperiodicity of signal emission and reception in a moving system, the signal
emitting an receiving lines L̃v or L̃R must lie each time for a given t̃v or t̃0 on one
plane-cut of the signal cones – the space-plane in the Lorentz-coordinates being
inclined at an angle ᾱ = tg−1µ. This fact is depicted in Fig. 9, where signals from a
moving ring are being received at the center point P , and the plane-cut of the signal
receiving cone through the point t̃v = t̃0 describes an ellipse. For isoperiodicity and
simultaneity of signal exchanges the inclined cut of the trajectory of the moving
ring must be identical with the ellipse of the signal cone. According to the relations
established by the Lorentz-transformation and illustrated in Fig. 9 it follows:

1̃v = 1̄
√

1 + µ2 = 1̂ ·
√

1 + µ2

1− µ2
. (4.16)

The stretching from 1̂ to 1̄ and thus to Ĩv arises the shift of the endpoint 2 of
the moving ring by an amount ∆x2 = µ21̄ along the trajectory, so that 1̃v cuts
the receiving signal cone of P̃ at 2̃. This causes an apparent elongation of the x̃-
axis of the emitting ring compared to the x-axis of the moving ring in the absolute
coordinate system, while in the lateral direction ãh = âh = R0 remains unchanged.
Furthermore, it has been shown in section IV.A that the plane elliptical-cut of a
signal cone in the Lorentz-space is effectively a circle of radius R̃0 = R0 and the
signal emitting line L̃v as observed from p̃ is absolutely real. Using the scale-
factors as given in eq. (4.7), it comes out that the moving elliptical ring in the
(x− h)-plane, with the semi-axis âx = 1̂/2, has to fulfill the following relation:

ãx = R0

√
1− µ2

ãh = R0

(4.17)

yielding an elliptical ring with λ̌e = âx/âh = β. This confirms evidently that the
FitzGerald–Lorentz contraction hypothesis defines the congruent ellipse of physical
entity in the x − h plane of the stationary system as prerequisite for a constant
effective propagation radius r∗0 with radial symmetry at a source velocity µ. This
in turn yields a constant R̃v in the (x̃− h̃)-plane of the moving system, which then
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Figure 9. Wave propagation from the center to the periphery of a moving elliptical ring under
fulfillment of isoperiodicity and isointensity of the signals received.

fulfills the condition of simultaneity, isoperiodicity and isointensity of the signal
exchanges between the center and the ring.

The moving elliptical ring in the absolute coordinate system, with λ = ax/ah =
β, has a radius distribution, which can be expressed as:

r̃0(ϑ0)
R0

=

√
1− µ2√

1− µ2 sin2 ϑ0

(4.18)

Having r̃0 and θ0 prescribed between the ring center point and the ring elements
in the x−h plane of the absolute space, one obtains from eq. (2.12) the propagation
radius for signal exchanges between the moving elliptic ring and its center as:

r̄v

R0
=

r̄v

r̂0
· r̂0

R0
=

1√
1− µ2

[
1 +

µ cos ϑ0√
1− µ2 sin2 ϑ0

]
(4.19)

thus defining the signal receiving curve, L̄R in the x− h plane, it being an ellipse
with λ̄e = 1/β. Taking account of the elongation of 1̂ to 1̃ in the Lorentz-space,
the corresponding propagation radius amounts to:

r̃v =
[
(x− x0)2

1− µ2
+ (h− h0)2

]1/2

=
r∗0
β

(4.20)
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Figure 10. Identical process of signal exchanges between a moving ring and its center, in the
stationary – and moving – coordinate system.

or
r̃v

r̂0
=

[
1− µ2 sin2 ϑ0

1− µ2

]1/2

. (4.21)

Using eq. (4.18) and (4.21) the emitting radius in the Lorentz-coordinates comes
out to be:

r̃v

R0
=

r̃v

r̂0
· r̂0

R0
= 1 (4.22)

Because of the scale difference along x̃ and h̃ the circle R̃0 = R0 appears as an
ellipse, with ãx = R̃0 · ẽ/e = ĩv/2 and ãh = R0, thus defining the axes ratio of L̃R

as λ̃e =
√

1 + µ2/
√

1− µ2.
A complete illustration of signal exchanges between an elliptic ring in its center

during a uniform motion with the velocity µ along the x-axis is given in Fig. 10.
The signals emitted from the ring center at Pv are received by the ring at the
locations defined by the elliptic receiving line L̄R, while for signals propagated
from the ring to the center at P , the emitting locations lie on the elliptic line
L̄v. Both the ellipses L̄R and L̄v are calculated by using eq. (2.12), in which
the effect of source shift or the relative space-drift is fully accounted for. The
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Figure 11. The physical process, which leads to a stretching of the time period of signal
exchanges in a moving system.

projection of L̄R and L̄v along the time axis ct yields the common elliptic curve
L̃R;ν , which lie in the space plane of the Lorentz-coordinates and is identical to
the elliptical curve L̃v as evaluated directly by using the Lorentz-transformation.
This confirms once more that the process of wave propagation, from a moving
source and signal reception by an observer moving with inertial system comes out
to be identical in all details, when represented in the absolute coordinate-system
and in the Lorentz-system. The quantitative values describing the ellipses r̂0, r̃0

and the effective circular rings r∗0 , R̃v are plotted in the lower part of Fig. 10. It is
to note, that an observer at the center of the moving inertial system, as Michelson
and Morley, has no access to the space fixed absolute coordinate system. The
observer being in the (x̃− h̃)-plane of the Lorentz-system has to use the inclined
plane cut of the emitting and receiving signal cones for the experiment set up with
the reflecting mirrors at ãx = 1̃ν/2, and ãh = R̃0 through which the two apex âx

and âh of the congruent elliptical ring pass through during its motion. Thus in
the experimental set up of Michelson and Morley the hypothetical conjecture of
FitzGerald–Lorentz contraction had been implicitly fulfilled, without their being
aware of the essential and conformal space-time relations called in by the nature,
as are described in the Figs. 9 to 10.

From the kinematical elucidations in Fig. 8 it is evident that the perceived
period of signal exchanges in a moving inertial system for a given ring of radius
R̃ = R0 becomes longer, then in the ring R0 = const. when at rest. This finding
is analyzed once more in Fig. 11 by illustrating the signal exchange process more
in detail. It is evident that the following relations as established by the Lorentz-
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Figure 12. Higher stretching of the time period of signal exchanges in moving inertial systems
with increased velocity µ.

transformation do hold:

cT̄ =
cT̃√
1− µ2

cT̄
cT0√
1− µ2

(4.23)

where T0 = 2R0/c denotes the signal exchange period between a ring and its center
at µ = 0.

Thus
T̄

T̃
≡ T̄

T0
=

1√
1− µ2

(4.24)

Hence, the frequency relation of signal exchanges referred to unit time in the
absolute system comes out to be

ω̄ = ω0

√
1− µ2. (4.25)

In a given interval of time ∆t̄ the ratio of the number of cycles of signal ex-
changes in a moving inertial system to that in a stationary system will amount
to

N̄

N0
=

ω̄

ω0
=

√
1− µ2 (4.26)
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The curves of T̄ /T0 and N̄/N0 as a function of µ are depicted in Fig. 12. This
physical aspect, which is real, explains in a simple way the basic reason of the
clock paradox in moving inertial-systems, without resorting to any hypothetical
assumption.

V. Conclusions

The extended analyses which are undertaken in this paper reveal the basic physics
and kinematics of wave propagation and signal exchanges between sources and
field points in moving inertial systems. This enables to find out the details of the
natural causalities, which lead to the primary effects, as observed in the principles
of relativity. So one can emphatically to away with the hypothetical assumptions,
which have been used for this till now.

In the introductory chapters, the classical expressions for spatial- and temporal-
dilatations, thus offering deeper insights.

It is interesting to note that the effective distances for signals from a moving
source to any field point in the free space can be depicted by a universal elliptical
curve which is valid for all translatory velocities of the source. For studying the
process of wave propagation and signal reception in moving inertial systems it
proves natural to use the Lorentz space-time coordinates. The kinematical eluci-
dation of wave propagation from a moving elemental source to a given field point
in the free space as perceived by observers in the moving coordinate-system and
the stationary coordinate-system offers an interesting insight. The signal intensity
at the field point, as ascertained in both systems is exactly the same. The emit-
ting source volume and the effective propagation radius in the two systems are
interrelated, differing only by the Lorentz-factor, which is a constant for a given
uniform motion of the source.

Further key insights are provided in the extended analysis as undertaken in the
final section. It is shown that an observer moving with the source, thus having
the same relative drift as the center of the moving inertial system, perceives that
the radiating waves around the emitting-point retain their circular symmetry all
the time, irrespective of the presence or absence of a medium in space. Hence the
drift of the moving system, relative to the surrounding space, cannot be perceived
by the moving observer. At a given time, specified in the absolute space, the
perceived radius of the wave in the moving inertial-system is virtually smaller
than that for an observer in the stationary coordinate system, differing again by
the Lorentz-factor, which is a constant for a given source-velocity.

The physical significance of the FitzGerald–Lorentz contraction hypothesis has
been analyzed in detail with application to an example of signal exchanges be-
tween the center and periphery of a moving ring. The moving ring, having a rigid
physical entity and a congruent ellipticity amounting to the Lorentz factor, ful-
fills the kinematical relations of constant effective radius with circular symmetry
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around the source, moving in the stationary coordinate system, which produces
in turn constant radius of propagation in the Lorentz-coordinate system moving
with the source. The prescribed elliptical ring has not to undergo any additional
concentration of its physical entity due to the motion in the moving coordinate
system.

It is to emphasize, that the fundamental physics and kinematics of signal ex-
changes between the center and periphery of the moving ring show identical space-
time relations in the propagation process, when observed accordingly in the moving
and stationary coordinate system, as are convincingly illustrated for signals radi-
ated between the center and the ring. The use of the Lorentz-coordinates are
essential for restoring the isoperiodicity of signal exchanges in the moving sym-
metrical system.

Finally, the detailed physics and kinematics of the perceived time periods of
signal exchanges between the center and periphery of the moving elliptical ring,
with the prescribed ellipticity, are elucidated for observers in the moving inertial
system and compared with the time period of the corresponding circular ring
resting in the stationary system. The time periods are elongated in the moving
system due to the continuous shift of the observer relative to the emitting source
during the signal propagation.

All the findings as summarized above are valid for the propagation fields of elec-
tromagnetic waves, in the free unbounded space and analogously for aerodynamic-
and acoustic waves, in elastic media, when small disturbances are caused by mov-
ing sources in the range of validity of linearized theory.
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