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Abstract We examine the process of the emission of light from an atom that is in a
relative translational motion with respect to the medium at rest in which the electro-
magnetic excitations propagate. The effect of Lorentz contraction of the of electron
orbits on the emitted frequency is incorporated in the Rydberg formula, as well as
the emitter’s Doppler effect is acknowledged. The result is that the frequency of the
emitted light is modified by a factor that is identical with what is called the ‘relativis-
tic Doppler effect’. The new emission formula is applied for reinterpretation of the
Ives-Stilwell experiment and shown that within the second order of approximation
with respect to the speeds of the atom and the ‘absolute speed’ (Earth’s speed relative
to the medium), the absolute motion does not affect the interference. The expression
for the modification of the frequency involves both a first and a second-order term
with respect to the speed of the atoms in the cathode tube. The latter turns out to be
quantitatively the same as if the time would have changed its rate in the frame moving
with the atoms. Thus, a new interpretation of the results of this famous experiment is
provided without stipulating time dilation.

Keywords Preferred frame · Ives-Stilwell experiment · Emission of light ·
Earth’s speed · Local standard of rest · Metacontinuum

1 Introduction

Following the discoveries of Young, Huygens, and Fresnel, the wave aspect of light
was firmly established; however, the question then arose as of what was the medium
that was ‘waving’. Cauchy (see [1]) proposed that the luminiferous medium be con-
sidered as an elastic continuum. He introduced in the process the concept of stress
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tensor, which is crucial to the modern mechanics of continua. In Cauchy’s time, it
was difficult to imagine particles ‘plowing’ through an elastic solid. For this reason,
Kelvin and Stokes (and to a certain extent Maxwell) argued that the medium must be
a thin fluid-like substance, which was called the ‘ether’.

The continuum concept emerged with even greater urgency after Maxwell formu-
lated the equations of electrodynamics [2], and Hertz [3] later provided the experi-
mental verification of the existence of electromagnetic waves of a specific frequency
range. The notion of a field epitomizes, essentially, the same meaning as continuum,
and presumes a set of spatially distributed interacting infinitesimal points.

Concerning the detection of the absolute medium, a great deal of hope was at-
tached to the experiment outlined by Maxwell, in which a light beam is split and sent
on two different paths with consecutive interference of the two beams. Michelson [4]
and then Michelson and Morley [5] achieved a virtuoso implementation of Maxwell’s
proposal using an experimental scheme based on the Michelson interferometer. This
is now known as the celebrated Michelson and Morley Experiment (MME). However,
the hopes to measure Earth’s speed with respect to the absolute continuum evanesced
when MME turned a nil result. Subsequently, the MME was thoroughly evaluated
and it was re-established by other investigators, and a discussion then ensued of how
to interpret the nil result. It was eventually agreed to be considered as a ‘proof’ that
there exists no absolute medium where light propagates. This conclusion is hailed
as one of the most important conceptual achievements of modern physics, because
it led to a precipitous paradigm shift: the mechanistism of the nineteen century was
replaced by a more abstract world view.

The problem with concluding that the luminiferous medium does not exist is that
such a conclusion is overreaching, and as such it presents a logical fallacy. Actu-
ally, the only rigorous conclusion which can be drawn from the nil result of MME is
that the absolute continuum cannot be detected by this particular experiment. This
less overreaching conclusion, which satisfies also Occam’s razor, is embodied in the
proposition of Fitzgerald (see, [6, p. 749]) and Lorentz [7], who explained the nil
result by the possibility of length contraction in the direction of motion. Indeed, in
a Universe where lengths shorten in the direction of motion, a MME type of exper-
iment is, in principle, not capable of detecting the absolute continuum. It should be
noted that MME is based on what can be called ‘phase-shift’ interferometry (see the
overview in [8]), in which the effect sought is exactly cancelled by the supposed
contraction of lengths. Clearly, accepting the contraction assumption instantly ren-
dered the dismissal of the absolute medium superfluous. Thus, “the baby was thrown
out with the bath water”, but the logical inconsistency did not seem to attract much
scrutiny. The likely reason for this was that the scientists of the time believed that
there were other reasons to stick with the idea (iconoclastic for its time) that there
was no material medium in which light propagates.

It should be stressed here that the Lorentz-Fitzgerald contraction has been splen-
didly confirmed in all major experimental tests, and can be considered now as one of
the most important discoveries in physics. It is equally valid with or without an ab-
solute continuum. (Actually, both Fitzgerald and Lorentz believed that the contraction
in the direction of motion was the reaction to the presence of an ether.) The logical
inconsistencies arose when researchers tried to read too much in the fact that lengths
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contract in the direction of motion, attributing the contraction to some abstract, hith-
erto unaccounted for properties of space and time, which cannot be explained by
continuum mechanics.

A little earlier, before the contraction hypothesis was proposed, Voigt, Larmor,
and Lorentz [7, 9, 10] introduced what is nowadays known as the Lorentz transfor-
mation (LT), in order to make the wave equation invariant in a moving frame. In LT,
time is demoted from its absolute status and is obligated to change in such a man-
ner that leaves the linear wave equation invariant in the moving frame. One of the
predictions from the LT was that lengths must contract in the direction of the mo-
tion. The latter was considered as an important success of LT. The impact of LT on
physical thought prompted Poincare to propose the “Relativity Principle” (RP). One
of the formulations of RP claims that the non-accelerating motion of a frame cannot
be detected. Thus, LT was the main inspiration of what is now called the ‘Special
Relativity Theory’ (see the original work [11] and the review [12]).

Another important discovery of modern physics took place three decades ago
when the anisotropy of the cosmic microwave background radiation (CMBR) was
discovered. This finding clearly defined the speed of Earth as being of order of sev-
eral hundred kilometers per second (see [13, 14]). Currently, there seems to be a
consensus that not all inertial frames are created equal, and that one should consider,
at least locally, a preferred frame. A good overview of the situation and the challenges
that the accepted point of view is still facing can be found in [15]. It is clear that re-
gardless of the terminology (‘preferred frame’ [15], ‘physical vacuum’ [16], ‘Local
Standard of Rest’ (LSR) [14]), there is a field (in the sense of a continuous structure)
and that our speed relative to it is well defined. The presence of an anisotropy in the
CMBR flies directly in the face of the postulate that the speed of an inertial frame,
which is uniformly translating, cannot be measured from within the frame.

In the Nineteenth century, it was believed that the preferred frame is connected
with a substance pervading the empty geometrical space. Since this substance was
not found to obstruct the motions of material bodies, it was assumed to be a thin,
‘ethereal’, substance. A radically different approach has been proposed by the present
author, in which space itself is considered as a mechanical continuum. It is clear that
any kind of forces acting between different points of a material space are the result of
the internal stresses of the mechanical continuum. The mechanical continuum is dis-
tinguished from the empty vessel called ‘geometrical space’ by the internal stresses
acting between the points, as well as by the time derivatives, which are no longer the
partial time derivative, but frame-indifferent derivatives, which are generalizations
of Euler’s convective derivative. In [17, 18], it was shown that for the Maxwell dis-
placement current, the proper frame-indifferent time derivative is the Oldroyd [19]
upper-convected derivative. What is more, the new formulation of the electrody-
namics presented in [17, 18, 20] was shown to be Galilean invariant. Actually, the
frame-indifference is the proper generalization of Galileo’s principle (formulated for
a single material point/particle) to a system of interacting material points (i.e., a con-
tinuum). As a result, the Lorentz invariance was replaced by what is called ‘material
invariance’ (frame indifference), which is true for any accelerating and/or deform-
ing frame. This prompted the author to introduce the ‘Material Invariance Principle’
(MIP) in lieu of RP in [17]. The detailed derivations concerned with the notion of
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frame indifference for the material space can be found in a recent paper [20], in
which it was also shown that the new formulation incorporates the Lorentz-force and
the Biot–Savart law in the governing equations of the model. This means that MIP
has two main advantages over RP: (i) it is valid in any accelerating and/or deforming
frame; (ii) it unifies all the known laws of electromagnetism in a single theory, which
generalizes that of Maxwell [17, 18, 20].

The important difference of this new model of mechanical space (referred to as
metacontinuum [21]), as compared to the old aether theories, is that the particles and
charges are now considered as phase patterns, i.e., solitons, that propagate over the
metacontinuum, rather than plowing through it. This alleviates the problem connected
with the existence of an ‘aether wind’: a phase pattern does not disturb the integrity
of the underlying substrate over which it propagates. In [18, 20], the charges were
interpreted as the torsional localized waves of the metacontinuum, which necessarily
undergo Lorentz contraction when propagating (a well known fact from the theory of
solitons). Thus, one more experimentally established fact is explained by the MIP in a
more consistent fashion than RP, without invoking an additional hypothesis, such that
the Universe is Lorentz invariant. In MIP, the constancy of speed of light, the material
invariance, and the Lorentz contraction are intrinsic properties of the model. The
model of mechanical space turned out to be able to also explain the master equation
of wave mechanics (i.e., Schrödinger’s equation see [21, 22]), if the metacontinuum is
considered as a thin 3D layer suspended in the four dimensional geometric space. The
equation for the flexural deformations of this shell-like construct is nothing else but
the Schrödinger equation, if written for the real part of the wave function. In addition,
the concept of particles being solitons (or what is called quasi-particles) predicted
an attractive force proportional to the inverse square of the distance between two
solitons (quasi-particles) [22]. All this, clearly, lends additional support to the idea of
the mechanical space.

The above outlined logical fallacy in the interpretation of MME does not necessar-
ily invalidate the assumptions that led to relativity, since one of the explanations of the
nil effect is indeed the possibility that a material substrate, of the known types of con-
tinuous media, does not actually exist. Yet, it is scientifically not satisfactory to adopt
such a far-reaching conclusion without exhausting all the possibilities to measure the
absolute speed.1 This logical inconsistency calls for the reexamination of other ex-
periments believed to confirm that an absolute continuum cannot exist. In [23, 24]
this author has proposed a new approach to the interferometry measurement based
on beat frequency, rather than on phase, as in MME experiment. Unfortunately, such
kind of beat-frequency measurement has yet to be implemented. Consequently, it is
very important to re-examine the available experimental results, which were believed
to have provided the proof for RP.

A most important experimentum crucis is the seminal work of Ives and Silwell
[25, 26] (ISE), which is commonly accepted to have proved the reality of time di-
lation. The above analysis of the logical and mathematical tenability of MIP or RP
necessitates a closer look at the way we are trying to detect the absolute motion (the
motion relative to the absolute continuum). How the emission of light is influenced

1The ‘absolute’ speed is the speed of a frame relative to the resting absolute medium.
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by the translation of matter relative to the supposed absolute continuum in which light
propagates, has never been examined with the necessary precision and scrutiny. Here
we propose a new point of view on the subject, which indicates that the Ives-Stilwell
experiment (ISE) is another one that can be well explained without recourse to the
Lorentz transformation and time dilation.

2 Emission of Light by Moving Atoms

A photon is emitted/absorbed when an electron jumps from one orbit to another. If the
atom is at rest with respect to the absolute continuum, then for the particular jump,
the frequency is defined by the distance between the orbits. If so, the frequency of an
emitted photon is governed by the Bohr–Rydberg law
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where nf , ni (ni > nf ) are the numbers of the respective orbits between which the
electron jumps, and α = e2/(�c) ≈ 1/137 is the fine structure constant. Respectively,

R = 2π2e4m
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are the Rydberg number and the atomic radius (see e.g. [27, Chap. 39]). Then rf =
rn2

f and ri = rn2
i .

The question now is how the emitted frequency is influenced by the fact that the
atom is moving with respect to the supposed absolute medium. The problem was first
addressed by Larmor [10, 28] who argued that the motion of the atom can lead to
the increase of the period of the electron orbiting the proton, and hence can lead to
apparent ‘time dilation’ (see also the illuminating discussion in [29, Chap. 9]). Here
we focus on the effect of the shortened dimensions of the moving atom. As mentioned
in the introduction, our approach is based on two principles:

1. Space is a mechanical continuum whose points are connected to each other be-
cause of the continuity and are interacting via the internal stresses.

2. What is perceived as particles and charges are, actually, nonlinear localized waves
(solitons or ‘quasi-particles’) of deformation.

As shown in [18, 20], any phase pattern in the metacontinuum is shortened in the
direction of propagation (motion). Thus, the Lorentz contraction is a corollary here,
not an independent assumption. Also, the speed of light is absolute, because it is the
characteristic speed of linear shear waves in a continuum, and has nothing to do with
the translational speed of the rectilinear propagation of different phase patterns.

We can consider the atom as being a translating phase pattern (quasi-particle),
whose dimensions are shortened in the direction of motion. This means that the or-
bits of electrons become curves on ellipsoids the length of whose shortest axis is
proportional to the inverse of the Lorentz factor. That is, the shortest axis of the el-
lipsoid that includes a particular axis is r = rrest

√
1 − w2/c2, where w is the speed
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of the relative motion of the phase pattern (identified as the atom) with respect to the
absolute continuum (the ‘absolute speed’). Thus, r is the length scale that defines the
largest energy of the electron while orbiting the proton. Since the emitted frequency
is proportional to the inverse of the atomic radius r , the frequency emitted by an atom
whose characteristic length is shortened by the Lorentz contraction is given by

ωcontracted = ωrest√
1 − w2/c2

. (3)

A similar expression to (3) for the frequency can be obtained, from the Larmor for-
mula for shortening the orbital time of the electron (see the enlightening exposition
in [30] and the original work [10, p. 229]). While qualitative the same, the Larmor’s
derivation does not answer the question what is the relevance of the orbital time to
the actual frequency of the emitted photon.

At this junction, it is to be pointed out that the absolute speed has not been mea-
sured so far. The important thing to understand here is that the photon is emitted by
the atom, but detaches from it and lives on its own as a shear wave in the absolute
continuum. The photon is not concerned with whatever frame the observer may chose
to associate with the moving atom. Then the emitter’s Doppler effect applies to the
emitted wave making the frequency dependent on the direction of propagation of the
wave front (the direction of the ray), namely

ωmov = ωrest√
1 − w2/c2

(
1 + w

c
cos θ

)
, (4a)

where θ is the angle between by the ray and the direction of translation of the atom.
For the frequency of the waves propagating in the positive and negative directions of
the translation of the atom (θ = 0,π ) we get

ω±
mov = ωrest

√
1 ± w/c√
1 ∓ w/c

. (4b)

Equation (4a) is exactly the one derived by Einstein [11, §7] based on the LT. Note
that he speaks of the observer’s effect, while here we have the emitter’s effect. The
main difference, however, is in the interpretation. In the argumentation of the rela-
tivistic Doppler effect, the relative speed of the two frames is assumed to cause time
dilation of the observer [31, p. 6, 32, Chap. 5]. In our interpretation, we obtained the
same formula, assuming that the time is absolute, and just accounting for the effect
of Lorentz contraction on the Bohr-Rydberg formula for the emitted frequency. This
lends some new support to the Lorentz point of view (spatial contraction, but no time
dilation), which was dismissed many years ago without actually examining the full
effect of the contraction of moving atoms, the way it is done in the present paper.

A sketch of the contraction of the atom is presented in Fig. 1. The Doppler effect
is illustrated for the case when a photon jumps against the motion (θ = π in (4a)).

It is important to note here that in (4) enters the absolute speed. If both the emitter
and the observer are moving with respect to the absolute medium with relative speed
to each other considerably lesser than their absolute speeds, then the contraction is
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Fig. 1 Contraction of the
emitting atom in the direction of
translation (solid lines). Dashed
lines represent the atom in a
moment of time needed for the
photon to jump from one orbit to
the other

mainly defined by the absolute speed, and the emitter’s and the receiver’s Doppler
effects will be superimposed (as in the relativity theory). In any case (even for rather
slow absolute speed of one of the frames with respect to the relative speed), there
will be a difference, albeit small, in the frequencies as predicted by the present work
or by the use of the relativistic counterpart of (4). Yet, it will be still there, and it
should be possible to find the vestiges of the absolute speed in experiments involving
interference. The only issue is what is the order of the effect connected with the
absolute speed. A situation in which it may be possible to contra-distinct between
the relativistic and absolutistic versions of (4) is at hand in the seminal Ives-Stilwell
experiment.

3 Ives-Stilwell Experiment

In the ISE, atoms are emitted in a cathode tube and the light from the moving atoms
interferes with the light from the atoms that are at rest with respect to the experimental
frame (cathode tube). Clearly, the photons that interfere in ISE can be emitted both in
the direction of the absolute motion or against it. According to the above derivations,
the frequencies of the waves emitted by the speeding atoms and of the atoms at rest
are respectively

ωe = ω

√
(1 + u/v)√
(1 − u/c)

, ωr = ω

√
(1 + v/c)√
(1 − v/c)

, (5)

where we have used (4b) with w = u, and w = v, respectively. Here v is the unknown
component of Earth’s absolute speed that is parallel to the axis of the cathode tube,
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and u = v + q is the unknown component of the velocity of the moving atoms with
respect to the absolute medium. The quantity q is the known speed of the atoms rela-
tive to the cathode tube. Note that the signs of u,v are a matter of convention and we
assume the positive sign. Now, the sign of q is not trivial: it is positive for the photons
emitted from the atoms moving in one direction (say the direction parallel to the com-
ponent of the absolute speed along the axis of the cathode tube), and negative for the
photons emitted by the atoms moving in the opposite direction (antiparallel to the axis
of the cathode tube). Let us introduce a small parameter ε = max (|u/c|, |v/c|, |q/c|).
Using the software package Mathematica (version 6.0), one can expand the ratio of
the two frequencies from (5), thus yielding

ωe

ωr

=
√

1 − v/c
√

1 + q/c + v/c√
1 + v/c

√
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= 1+ q

c
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+ qv2

c3
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Within the order of approximation o(ε2), one gets for the observed frequency shift
(the beat) of the moving atoms, the following:
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In terms of the wavelength, within the same order of approximation, one has

�λ

λ
= −q

c
+ 1

2

q2

c2
. (8)

The last formula shows that the absolute speed of Earth, as parameterized by v, does
not affect the final result within the second order. There is a first order Doppler effect
connected with the relative speed q of the atoms in the cathode tube, and it is of
different sign for the forward and backward emitted waves (positive or negative q).
(Such ‘splitting’ of the spectral lines was observed in [25].) After the subtraction of
the first order for the backward and forward waves, the net outcome of ISE within the
order O(ε2) is the second order term 1

2q2, which is quantitatively the same as the one
predicted by the hypothesis of time dilation. The experimental data was compared to
the prediction from the hypothesis of time dilation and shown in [26] to be in a very
good quantitative agreement.

Now, the standard treatment based on the special theory of relativity would have in
the third order only the term 1

2q3/c3 in (6). The hypothesis of the absolute continuum
shows non-trivial third-order terms containing v in (6), and the latter can give the
opportunity to distinguish one theory from the other. The problem is that the cubic
terms are very small, and what aggravates the situation is that the terms containing
the absolute speed, v, are smaller than the term containing the speed q of the atoms in
the cathode tube. Indeed, from the LSR measurements we can estimate v/c ≈ 10−3,
while q/c can be as high as 4 · 10−3. This means that the dominant third order term
in (6) will be 1

2q3/c3 for the speeds of the atoms involved in [25, 26]. One way to
increase the relative importance of v is to repeat the ISE with smaller speeds (i.e.,
smaller voltages), but then the sensitivity may not be enough. The other approach
is to go for even higher q’s, so the overall magnitude of the third-order effect is
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increased. Simultaneously, the sensitivity must be increased, so that the relatively
smaller contribution from vq2 can be reliably extracted from the overall third-order
effect. This makes carrying out an IS type of experiment quite a challenge when the
absolute speed is targeted. Clearly, the search for first-order experiments, such as the
one described in [24], should continue.

It is important to understand that the first-order term detected in the ISE already
supports the notion of existence of a material substrate. However, the absence of
dependence on the Earth’s speed in the ISE was considered yet as another proof that
the absolute medium does not exist, and that the only explanation of the term 1

2q2 is
the time dilation. In the present paper, we have shown that an alternative explanation
of the ISE is possible, hence the jury is still out on time dilation as a property of our
particular Universe.

4 Time Dilation or Frequency Change?

Absolute motion is very elusive, indeed. It cannot be detected, in principle, by an
experiment of the above type (ISE), nor by MME if merely the second-order effect
is measured. Thus, it comes as no surprise that it hasn’t been detected in a labo-
ratory setting. The result presented here allows one to claim that the hypothesis of
existence of an absolute luminiferous medium is compatible with the results of Ives-
Stilwell experiment, and it should be given the proper consideration alongside with
the hypothesis of time dilation. This conclusion is in agreement with the fact that
electrodynamics can be regarded as the manifestation of the internal stresses in an
absolute continuum (called metacontinuum in [17, 18, 20, 21]).

In this work, we have examined the emission of light from an atom that is in a rec-
tilinear translatory motion relative to the medium where the electromagnetic waves
propagate. A modification of the Bohr-Rydberg formula is proposed for the frequency
of the emitted photon, when the translatory motion of the atom is accounted for. The
new formula has the same analytical expression for the frequency within the second
order of the relative speed of the atoms as the formula for the relativistic Doppler
effect. It can be called the ‘intrinsic Doppler effect’ (IDE) for the emission of light
by moving atoms.

Furthermore, the IDE derived in the present work has been used to reexamine one
of the experimenta crucis: the ISE. We have shown that IDE explains the observed
changes of frequency in cathode tubes. Since in the present context, there is no way
to determine reality of the time dilation, apart from showing changes in frequency,
the result of the ISE related to the frequency cannot be considered as an unequivocal
proof of the non-existence of the absolute continuum, and the inevitability of time
dilation. The latter can only be considered as one of the possible explanations of the
frequency change along with the formulation provided in the present paper.

5 Conclusions

The existence of an ‘Intrinsic Doppler effect’ (IDE) is shown in the present paper
based on the assumption that there exist an absolute medium (field) whose properties
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are not influenced by the moving matter. The re-interpretation of ISE presented here
can be considered as one of the possible verifications of such a hypothesis. We have
shown that the relative translation of a frame cannot be detected within the frame up
to terms of second order, but not because some principle forbids it (called Relativity
Principle), but because of the nature of the emission of light from moving atoms.
Only when the third-order effects are examined, and if they do not comply with the
result of the present work, one can say that another hint that no absolute continuum
exists has been found.
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