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The Michelson{Morley (MM) interferometric experiment (Michelson and Morley [Am. J. Sci.
34, 333 (1887), doi:10.2475/ajs.s3-34.203.333]) is one of the most pivotal experiments in modern

physics, originally designed to detect a hypothesized anisotropy in the speed of light in vacuum

due to aether drift. Contrary to this expectation, we show that the MM-type experiments are

inherently incapable of detecting such drift. Their null result arises naturally from the Doppler
e®ect acting on the interfering light beams, even in a frame moving relative to the aether. Con-

sequently, the existence of aether cannot be excluded by these experiments. This interpretation

remains consistent with Einstein's postulate of the constancy of the speed of light in vacuum,
provided phase velocity, rather than group (signal) velocity, is considered. Our ¯ndings align with

modern astrophysical and cosmological observations of the cosmic microwave background

(CMB), which strongly suggest the existence of a preferred stationary reference frame. This

reinterpretation of the MM experiment also resolves well-known paradoxes in Special Relativity.

Keywords: Aether drift; classical wave theory; cosmic microwave background; Doppler e®ect;

Lorentz transformation; speed of light.

PACS Nos.: 95.30.Sf, 95.75.Kk, 98.70.Vc, 98.80.−k, 98.80.Jk

1. Introduction

The Michelson{Morley (MM) experiment1 is among the most discussed and conse-

quential experiments in modern physics. It played a crucial role in the development of

Special Relativity (SR) by Einstein,2 providing experimental support for the theory.

The experiment aimed to detect Earth's motion relative to the luminiferous aether, a

hypothetical medium postulated for the propagation of light under classical wave
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theory. Michelson and Morley1 hypothesized that Earth's motion through the aether,

which would de¯ne a preferred reference frame, should induce anisotropy in the speed

of light, detectable via interferometric measurements of light beams in perpendicular

directions. However, their experiment yielded a \null result", meaning no detectable

shift in interference fringes occurred upon rotation of the interferometer arms.3{5

The null result was interpreted by FitzGerald6 and Lorentz7 as evidence of length

contraction along the direction of motion, caused by interaction of matter with the

aether. Later, this hypothesis was extended with the concept of time dilation,8

leading to the formulation of the principle of relativity and the postulate of constancy

of the speed of light in all inertial systems.9,10 Finally, Einstein2 abandoned the

concept of the aether, arguing that an \absolute stationary space" was unnecessary

for developing electrodynamics and optics. MM-type experiments have since been

repeated with increasing precision, consistently yielding null results.11{17 These

experiments are now fundamental tests of SR.

Although the theoretical framework underlying the MM experiment appears

straightforward, its null result remains a subject of debate. Several researchers have

challenged the conventional interpretation that the MM experiments: (1) disprove the

existence of the aether, and (2) con¯rm the constancy (invariance) of the speed of light

in vacuum in all inertial frames.18{25 For instance, Guerra and de Abreu26,27 and de

Abreu andGuerra28 argue that theMM experimentmeasured not the one-way, but the

two-way speed of light. Hence, the isotropy of two-way speed is more relevant, and the

postulate of the constancy of the speed of light should be understood in this weaker

form. Further critique comes from Consoli et al.29 and Consoli and Pluchino,30,31 who

emphasize that MM-type experiments were conducted under di®erent conditions: in

vacuum, gases (air, helium), and solid dielectrics. However, these conditions could

signi¯cantly in°uence results. They also note that the originalMMexperiment1 did not

yield a strictly null result but a small anisotropy, attributed at the time to measure-

ment errors. Similar deviations were recorded by Morley and Miller,11 Tomaschek32

and Joos,33 suggesting their possible physical origin, interpretable as weak velocity

anisotropy due to interactions between aether and moving dielectric media.

Another major critique concerns the neglect of the Doppler e®ect in the null result

interpretation, despite its well-established in°uence on frequency shifts and inter-

ference fringes.20,34{36 Wesley20,37 contends that a proper treatment of the classical

Doppler e®ect can explain the null result even within an absolute spacetime frame-

work. His approach is rooted in classical wave theory and o®ers several advantages:

. It applies not only to electromagnetic waves but also to other types of wave ¯elds.

. It inherently incorporates the Doppler e®ect, whereas in SR, which is based on

the Lorentz transformation, this e®ect is initially neglected. To reconcile SR

with observations, the Doppler e®ect is introduced ad hoc into the relativistic

calculations.2

. Neglecting the Doppler e®ect in the Lorentz transformation leads to incon-

sistencies and paradoxes in SR,19,38–43 which do not arise in classical wave theory.

V. Vavry�cuk

2550159-2

M
od

. P
hy

s.
 L

et
t. 

A
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

47
.2

31
.7

2.
22

3 
on

 1
0/

01
/2

5.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



Wesley20,37 also highlighted confusion in the standard interpretation of the MM

experiment between phase velocity and group (signal, energy) velocity. Phase velocity

appears in the wave equation and governs interference, while the group velocity (as-

sociated with the Poynting vector) governs energy transfer.44 Even in a vacuum, these

can di®er, if the source or detector is moving. However, only phase velocity a®ects

interference patterns. Despite this, SR presumes that the constant speed of light refers

to the group velocity, thus introducing conceptual inconsistencies.

Lastly, a challenge to the conventional view arises from astrophysical observa-

tions of the Cosmic Microwave Background (CMB), discovered by Penzias and

Wilson.45 The CMB is highly isotropic, with a temperature of 2.7 K across the sky,46

forming a natural Cosmological Coordinate System (CCS). This system is directly

related to the mass distribution and its gravitational ¯eld in the Universe. Unlike the

MM experiment, which failed to detect Earth's motion through the aether, the CMB

dipole anisotropy, caused by the Doppler e®ect, provides a measurement of Earth's

velocity in space.30,47{52

In this paper, we revisit the conventional interpretation of the MM experiment

and identify errors in the analysis of its null result reported by Michelson and

Morley.1 We show that interferometric measurements can be accurately described

within classical wave theory under the assumption of absolute spacetime. Central to

this reinterpretation is the correct treatment of the Doppler e®ect via the Doppler

transformation instead of the Lorentz transformation. This approach remains con-

sistent with Einstein's postulate of the constancy of the speed of light, but assumes

the invariance of phase velocity rather than group velocity. Our results align with

CMB observations, reinforcing the idea of a preferred reference frame.

2. Theory

2.1. Michelson{Morley formulas for the interference phase shift

Here, we follow the original approach of Michelson and Morley.1 Let d denote the

distance between points A{B and A{C. The travel time of light along the x-axis

(Fig. 1(a)) from A to C (forward propagation) is given by

Tx1 ¼
d

c� v
; ð1Þ

and the return time from C to A (backward propagation) is

Tx2 ¼
d

cþ v
; ð2Þ

where v is the velocity of the Earth relative to the aether, and c is the speed of light.

Hence, the total travel time along the x-axis is

Tx ¼ Tx1 þ Tx2 ¼
2dc

c2 � v2
� 2d

c
ð1þ �2Þ; ð3Þ

where � ¼ v=c.

Reinterpretation of the Michelson{Morley experiment
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Similarly, the total travel time along the y-axis (Fig. 1(b)) between points

A{B0{A0 is

Ty ¼
2d

c

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ �2

p
� 2d

c
1þ 1

2
�2

� �
: ð4Þ

The di®erence in travel time between the two paths is then

�T ¼ Tx � Ty �
d

c
�2: ð5Þ

Finally, the phase shift between the two interfering light beams is

�’ ¼ !�T � !
d�2

c
; ð6Þ

where ! denotes the angular frequency of light. If the apparatus is rotated by 90�, the
phase shift will reverse in sign, leading to an observed total phase shift of 2�’.

2.2. Corrected formulation of the interference phase shift

However, the original Michelson{Morley derivation of the interference phase shift, as

presented in the previous section, is °awed. The fundamental misconception lies in

neglecting the Doppler e®ect, which arises from the di®erence between phase velocity

and group (signal) velocity of light. The Doppler e®ect causes variations in the

angular frequency of light along di®erent propagation paths, contradicting the

assumption made by Michelson and Morley1 that the frequency remains constant.

Consequently, Eq. (6) is incorrect and requires modi¯cation.

The phase shift between the light beams can be evaluated in di®erent reference

frames. First, let us consider a \static" frame, which is at rest with respect to the

aether. This is the same frame used in Sec. 2.1, where the original Michelson{Morley

derivation was performed. The angular frequency of light propagating in this frame is

denoted as !. Since point C is moving relative to the static frame at velocity v, the

(a) (b)

Fig. 1. Scheme of the Michelson{Morley experiment. (a) Propagation of light along the x-axis,

(b) propagation of light along the y-axis.
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angular frequency of light travelling along the x-direction and detected at point C is

Doppler-shifted as

!x1 ¼
c� v

c
!: ð7Þ

Conversely, the angular frequency of light re°ected at point C, travelling in the

x-direction back and detected at point A, is

!x2 ¼
cþ v

c
!: ð8Þ

Similarly, for light propagating along the y-direction between points A{B0{A0, the
angular frequency is shifted as

!y ¼
!ffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ �2
p : ð9Þ

By substituting Eqs. (1){(4) and (7){(9) into the phase-shift equation

�’ ¼ �’x1 þ�’x2 ��’y; ð10Þ

we obtain

�’ ¼!x1Tx1 þ !x2Tx2 � !yTy

¼!
d

c

c� v

c� v
þ cþ v

cþ v
� 2

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ �2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ �2

p
 !

¼ 0: ð11Þ

The same result is obtained when considering a frame ¯xed with the apparatus.

Let ! denote the angular frequency of light emitted from the light source, which is at

rest with the interferometer. Since points A, B and C are also at rest relative to the

light source, the detected angular frequency remains unchanged at every point.

Moreover, the phase velocity of light remains constant at c in all directions (see

Appendix A). Therefore, we obtain

�’ ¼ !
d

c
þ d

c
� 2

d

c

� �
¼ 0: ð12Þ

Thus, we have demonstrated that the variation in light travel time due to the

velocity of the aether is precisely compensated by the frequency shift caused by the

Doppler e®ect. Consequently, the experiment must yield in vacuum a null result,

meaning that the interference fringes remain unchanged when the MM apparatus is

rotated, and the interferometer arms exchange positions.

This contradicts the widely held belief that the Michelson{Morley experiment

should be sensitive to aether velocity. Consequently, the null result of the MM

experiment cannot be used as evidence for invalidating the existence of the aether or

a preferred reference frame.

Reinterpretation of the Michelson{Morley experiment
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2.3. Phase velocity and group (signal) velocity of light

As discussed in the previous section, Michelson and Morley,1 along with subsequent

researchers, focused on calculating the di®erence in travel times between the two

interfering beams (signals), while neglecting the wave nature of light, which is

characterized by its phase. In doing so, they con°ated phase velocity with the group

(signal) velocity (see Fig. 2), as emphasized by Wesley.20,35 For example, for a light

source at rest in the stationary frame, the group velocity vg is related to the phase

velocity c and the velocity vobs of an observer as follows:

. vg ¼ c� vobs (observer moving with the wave),

. vg ¼ cþ vobs (observer moving against the wave).

Thus, for any nonzero vobs, the phase and group velocities of light di®er. As

demonstrated in Appendix A, the Doppler e®ect implies that the phase velocity c

remains constant in vacuum in any frame regardless of the observer's motion.

Consequently, the group velocity vg must vary for a moving observer. Therefore,

assuming that the group speed of light is constant in all frames contradicts the

Doppler e®ect observations.

A similar conceptual oversight occurs in the derivation of the coordinate trans-

formation between two mutually moving inertial frames in Special Relativity (SR).

The transformation between the coordinates

x� ¼ ðct;x; y; zÞ and x0� ¼ ðct0;x0; y0; z0Þ; ð13Þ
is typically derived without considering the wave nature of light, i.e. without

accounting for its phase. As a result, the Doppler e®ect is omitted, and the trans-

formation is based on the assumption that the group velocity (but not the phase

Fig. 2. De¯nitions of phase velocity c and group velocity vg. The group velocity vg is calculated as the

relative velocity of the propagating signal (energy) with respect to the receiver. In contrast, the phase

velocity c is given by the ratio of the wavelength � to the period T of the wave measured at the receiver:
c ¼ �=T ¼ �!=2�. While the signal velocity varies depending on the motion of the source and/or receiver,

the phase velocity remains constant regardless of the reference frame used for its evaluation (see

Appendix A).

V. Vavry�cuk
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velocity) is invariant in all inertial frames. This leads the Lorentz transformation53

��
� ¼

� ��� 0 0

��� � 0 0

0 0 1 0

0 0 0 1

��������

��������
; ð14Þ

where � ¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� �2

p
is the Lorentz factor, � ¼ v=c, and v is the relative velocity

along the x-axis. The determinant satis¯es: det ��
� ¼ 1.

By applying the transformation ��
� to the Minkowski metric tensor 	�� ¼

diagð�1;þ 1;þ1;þ1Þ, we obtain the transformed metric

g 0
�� ¼ ��

� �
�
� 	��; ð15Þ

which yields

g 0
�� ¼ 	��: ð16Þ

This con¯rms that the transformed coordinate system x0� also describes

Minkowski space, with the invariant spacetime interval:

ds02 ¼ �c2dt0dt0 þ dx0 idx0 i; ð17Þ

predicting neither a shift in the angular frequency nor a change in the wavelength of

light due to the Doppler e®ect. To resolve this inconsistency, SR arti¯cially intro-

duces the Doppler e®ect as an ad hoc correction to relativistic equation,2 rather than

deriving it from ¯rst principles.

2.4. Dilation and contraction of time and length in classical

wave theory

Interestingly, when classical wave theory is applied and the Lorentz transformation

is replaced with a Doppler-based transformation to relate the space and time coor-

dinates between two mutually moving frames, the familiar e®ects of dilation/

contraction of time and length known from SR still appear in the resulting formulas,

as demonstrated below.

To correctly transform coordinates between two moving frames within the

framework of classical wave theory, one must use the Doppler transformation, which

explicitly accounts for Doppler shifts between frames in relative motion54:

D�
� ¼

"� �"�� 0 0

�"�� "� 0 0

0 0 1 0

0 0 0 1

��������

��������
; ð18Þ

where the motion is assumed along the x-axis, � ¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� �2

p
is the Lorentz factor,

� ¼ v=c, and " is the Doppler factor. The Doppler metric tensor g 0
��, resulting from

Reinterpretation of the Michelson{Morley experiment
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the transformation D�
�, is de¯ned as

g 0
�� ¼ D�

� D
�
� 	��; ð19Þ

where 	�� is the Minkowski metric tensor. Consequently, the spacetime interval

becomes

ds02 ¼ g 0
��dx

0�dx0�; ð20Þ
which evaluates to

ds02 ¼ �"2 c2dt0dt0 þ "2 dx0dx0 þ dy0dy0 þ dz0dz0: ð21Þ
This result shows that the Doppler factor " naturally induces both time and

length dilation or contraction. The e®ect depends on the relative velocity of the light

source and the receiver, with respect to a stationary frame connected to the aether.54

However, the physical interpretation of these e®ects in classical wave theory in

Eq. (21) is fundamentally di®erent from that in SR.

In classical wave theory, time and length dilation or contraction result from the

frame-dependent nature of frequency and wavelength measurements. Consequently,

dilation or contraction applies equally to both time and length. Speci¯cally:

. If time is dilated, then length is also dilated.

. If length is contracted, then time is also contracted.

Importantly, these variations are apparent e®ects, relevant only to wave

phenomena as observed from a given frame. Hence, \time" means the observed time

period of light T, and \length" means the observed wavelength of light �. Unlike in

Special Relativity, they do not imply an actual change in physical time interval

measured by atomic clocks or in real length of objects measured with rigid rods. In

contrast to SR, where time dilation and length contraction are considered true

physical e®ects, classical wave theory treats them as apparent frame-dependent

observational e®ects of light's wave characteristics.

3. The Existence and Physical Nature of Aether

In classical wave theory, the preferred reference frame is de¯ned as the frame in

which the group (signal) velocity and the phase velocity of light are equal. This frame

is both unique and physically meaningful, and it can be identi¯ed with the Cosmo-

logical Coordinate System (CCS), which is intrinsically linked to themass distribution

and gravitational ¯eld of the entireUniverse.55,56 InGR, it is describedmathematically

by the Friedmann{Lemaître{Robertson{Walker (FLRW) metric57,58 or by the

conformal cosmology (CC) metric.59{64

The existence of the CCS as a preferred frame is supported by modern cosmo-

logical observations of the Cosmic Microwave Background (CMB). Speci¯cally, the

CMB dipole anisotropy,49,50,65,66 interpreted as a Doppler shift, reveals Earth's

V. Vavry�cuk
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motion relative to this cosmologically de¯ned rest frame. These measurements allow

for precise determination of Earth's velocity with respect to the CCS. For the Solar

System barycenter, this velocity is 370 km/s in the direction of the constellation Leo,

with galactic coordinates: l ¼ 264�, b ¼ 48�. This constitutes direct empirical

evidence for the existence of a preferred reference frame,30 one that aligns with both

classical wave theory and the philosophical underpinnings of Mach's principle.

The concept of a global stationary frame is closely linked to the notion of

spacetime in GR, sometimes called absolute spacetime. Although Einstein initially

rejected the aether and absolute motion,2 he later reconsidered this in GR, recog-

nizing the need for an aether-like entity in ¯eld theory. In his 1920 lecture Aether and

the Theory of Relativity,67 he introduced the idea of a \gravitational aether" ���
spacetime shaped by the cosmic gravitational ¯eld and described by the metric

tensor g��. He suggested that aether and the gravitational ¯eld might be closely

related, or even two expressions of the same physical reality.

Einstein's reinterpretation of aether under GR is also consistent with Mach's

principle, which assets that local inertial frames ��� and thus the properties of motion

and inertia ��� are determined by the global distribution of mass and energy in the

Universe. In this framework, the structure of spacetime is shaped by cosmic matter,

making a physically meaningful preferred frame both natural and necessary. From a

GR standpoint, this preferred frame is associated with curved spacetime, which is no

longer inertial. Therefore, the principle of relativity, as applied to inertial frames, is

not valid in this context.

Furthermore, Einstein also abandoned the postulate of the constant speed of light

in GR, when he stated68: \The law of the constancy of the velocity of light in vacuo,

which constitutes one of the fundamental assumptions in the special theory of rela-

tivity and to which we have already frequently referred, cannot claim any unlimited

validity" . . . \its results hold only so long as we are able to disregards the in°uences of

gravitational ¯elds on the phenomena (e.g. of light)". This view is consistent with

modern interpretations of the cosmological and gravitational redshifts, where the

phase speed of light in a vacuum is allowed to vary with cosmic time62,69 and with

spatial position due to spacetime curvature, e.g. near black holes.70 In regions of

strong gravitational ¯elds, the speed of light is lower; in weak gravitational ¯elds, it is

higher. This behavior can be e®ectively modelled using a refractive index that

characterizes the local gravitational ¯eld.

In fact, considering the vacuum with a gravitational ¯eld as a kind of a dielectric

medium is a common approach in astrophysics. The refractive index n is de¯ned as53

n ¼ c

cg
¼ 1ffiffiffiffiffi

gtt
p ; ð22Þ

where c and cg are the phase speeds of light in vacuum without and with gravity,

respectively, and gtt is the time-time component of the spacetime metric tensor. This

formalism has been adopted by many authors71{78 to study photon geodesics using

the tools of geometrical optics in dielectric media.

Reinterpretation of the Michelson{Morley experiment
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Since gravity a®ects both the geometry of light rays and the speed of light in the

Universe, the gravitational ¯eld can be viewed as a principal component of the

aether. Additional contributions may come from stationary electric and magnetic

¯elds, which also a®ect light propagation and underlie well-known optical phe-

nomena in dielectric media. The refractive index, shaped by all three types of ¯elds,

thus emerges as a potential unifying characteristic of the aether. This perspective

points to a deeper connection between gravitational and electromagnetic ¯elds than

is typically acknowledged. Supporting this view is the observed equality of the speeds

of gravitational waves and light, con¯rmed to high precision by recent astrophysical

observations of neutron star mergers.79,80

4. Discussion

4.1. Origin of misinterpretation

In contrast to the standard interpretation of the Michelson{Morley experiment, we

demonstrate that its null result is fully consistent with the existence of absolute

spacetime or aether, as assumed in classical wave theory. The fundamental error

made by Michelson and Morley1 was their neglect of the Doppler e®ect in analyzing

their experiment. Surprisingly, this interpretation was never critically reevaluated by

leading physicists such as Lorentz, Poincar�e, and others ��� likely due to the seem-

ingly straightforward and intuitively convincing nature of Michelson's original

derivation. Even Max Born, in his book Einstein's Theory of Relativity,81 follows

Michelson's original derivation based solely on light travel times, without attempting

to evaluate the phases of light beams, a factor crucial to understanding the formation

of interferometric fringes.

Notably, Einstein himself did not engage directly with the results of the MM

experiment in his seminal paper on Special Relativity.2 Instead, he constructed SR on

the basis of simple and general postulates, placing little emphasis on experimental

validation. As a result, Einstein regarded the concept of aether as unnecessary and

replaced it with the postulate of the constancy (invariance) of the speed of light

signal in a vacuum in all inertial frames. The null result of the MM experiment was

subsequently viewed as a con¯rmation of SR, rather than as a ¯nding requiring

further scrutiny.

4.2. Consequences for special relativity

Since the null result of the MM experiment is widely regarded as key evidence

supporting both the postulate of the constant speed of light in all inertial systems and

the principle of relativity, revisiting its interpretation carries signi¯cant implications.

In particular, the Lorentz transformation should be reconsidered, as it appears to

inadequately describe coordinate transformations between moving frames.43,54 A

reassessment of time dilation and length contraction as real physical e®ects arising

from relative motion between inertial frames also becomes necessary.43 Furthermore,
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many well-known paradoxes in SR may stem from an incorrect treatment of the

speed of light in spacetime transformations, speci¯cally, by attributing it solely to

the motion of photons as particles while neglecting its wave nature.

Clearly, the new interpretation of the MM experiment does not challenge all

principles of SR:

. First, the principle of the constancy of the speed of light in a vacuum in all inertial

frames remains valid even within classical wave theory. However, it applies

speci¯cally to the phase velocity, rather than the group (signal) velocity. This

distinction is crucial, as the phase velocity determines the interference pattern in

interferometric experiments and is therefore the key factor in interpreting the MM

experiment. Furthermore, to remain consistent with GR, it should be emphasized

that the constancy of the phase speed of light is not universally valid; rather, it

holds locally, at a given time and within a limited region in the Universe.

. Second, time and space distortions are still present, albeit in a modi¯ed form,

within classical wave theory. However, they arise from the Doppler e®ect rather

than actual spacetime deformation. Crucially, these distortions are apparent

e®ects caused by the transport delay of propagating light. Observing the Doppler

e®ect does not imply a real distortion of physical time or space. The time rate

remains the same in all frames, and physical length of objects measured by rigid

rods does not change with velocity.

. Third, the famous mass-energy equivalence formula E ¼ mc2, originally developed

by Poincar�e,82,83 while exploring electromagnetic momentum, can also hold within

wave theory. Similarly, the principle that particles cannot exceed the speed of light

is not in con°ict with wave theory. However, the velocity of particles should be

measured with respect to the CCS frame. If particle moves at a relativistic velocity

in this frame, the energy required for further acceleration increases rapidly and

diverges as the velocity approaches c. This e®ectively prevents a superluminal

propagation of particles.

4.3. Cosmological implications

Reinterpreting the MM experiment within the framework of classical wave theory

leads to replacing the Lorentz transformation with the Doppler transformation,

which results in the Doppler metric. This metric has distinct properties, being

conformal to Minkowski metric.54 In cosmology, it aligns with the framework of

Conformal Cosmology (CC), which di®ers signi¯cantly from the standard FLRW

metric used to describe an expanding universe. Notably, the fundamental equations

governing cosmic evolution take a di®erent form in the CC metric compared to the

FLRWmetric. As a result, several longstanding issues in cosmology, such as the need

for dark matter and dark energy in the Friedmann equations, are resolved within the

CC approach. Moreover, the CC metric successfully predicts key observational

Reinterpretation of the Michelson{Morley experiment
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phenomena, including °at galaxy rotation curves, galaxy expansion, and the mor-

phology of spiral galaxies.62,63,69

4.4. Further tests and future research

Modern, newly designed MM-type experiments remain of great scienti¯c value. As

emphasized by Consoli et al.29 and Consoli and Pluchino,30,31 the original experiment

by Michelson and Morley1 did not yield an exactly null result, but rather a slight

phase velocity anisotropy. This e®ect was also detected in other MM experi-

ments.11,32,33 While absent in vacuum,15,84,85 this anisotropy has been observed in

gaseous dielectric media. In such media, the interaction between the homogeneous

cosmic gravitational ¯eld and moving local electric and magnetic ¯elds must be

considered. This interaction could, in principle, produce more complex e®ects

including anisotropic behavior of the phase velocity of light. Therefore, careful and

highly accurate interferometric measurements of velocity anisotropy in various

dielectric media may provide new insights into the interaction between the gravi-

tational and electromagnetic ¯elds and their e®ects on light propagation.

Finally, the presented results should contribute to a re-evaluation and renewed

appreciation of classical wave theory, and motivate further theoretical research in

gravitation aimed at accurately describing the wave behavior of light in gravitational

¯elds, the interactions between gravitational and electromagnetic ¯elds, and the

relationship between electromagnetic and gravitational waves. These e®orts are

essential for developing a uni¯ed theoretical framework. This objective is particularly

compelling, as emphasized by Einstein in his 1920 lecture67: \Of course it would be a

great advance if we could succeed in comprehending the gravitational ¯eld and the

electromagnetic ¯eld together as one uni¯ed conformation".

Appendix A. A Constancy of the Phase Velocity of Light in Classical

Wave Theory

Let us consider a static reference frame and assume that the speed of light is c in this

frame. We analyze the phase velocity of light in the framework of classical wave

theory under three di®erent scenarios: (1) the light source is moving while the

receiver is at rest, (2) the receiver is moving while the light source is at rest, and (3)

both the light source and receiver are moving at the same velocity relative to the

static frame.

(1)Moving light source, stationary receiver. If the light source moves at velocity v

relative to the receiver, which is at rest, the angular frequency ! and wavelength � of

the emitted light are a®ected by the Doppler e®ect and can be expressed as

! ¼ c

c� v
!0; � ¼ c� v

c
�0; ðA:1Þ

where !0 is the angular frequency of the light in the source's frame, and �0 is its

wavelength measured in the source's frame. A positive velocity v indicates that the
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source is approaching the receiver, while a negative v indicates the source is receding.

The phase velocity c of light, as measured in the source's frame, is given by

c ¼ �!

2�
¼ �0!0

2�
¼ c0: ðA:2Þ

Thus, the phase velocity remains constant despite the motion of the source.

(2) Stationary light source, moving receiver. If the light source is at rest while the

receiver moves at velocity v, the Doppler e®ect alters the angular frequency ! and

wavelength � as follows:

! ¼ cþ v

c
!0; � ¼ c

cþ v
�0; ðA:3Þ

where !0 and �0 are the emitted frequency and wavelength measured in the source's

rest frame. A positive velocity v indicates that the receiver is approaching the source,

while a negative v indicates the receiver is receding the source.

In this case, the phase velocity c of light, as measured in the receiver's frame, is

c ¼ �!

2�
¼ �0!0

2�
¼ c0: ðA:4Þ

(3) Both light source and receiver moving together. If both the light source and the

receiver move at the same velocity v relative to the static frame, the Doppler e®ect is

eliminated, meaning the angular frequency ! and wavelength � remain the same in

the frame of the light source and receiver. Consequently, the phase velocity of light is

c ¼ c0; ðA:5Þ
which is identical to the previous cases.

This analysis con¯rms that the phase velocity of light remains constant in all

frames regardless of the relative motion of the light source or receiver with respect to

the static frame connected to the aether. This result emphasizes that the principle of

the constancy of the speed of light holds even within classical wave theory, provided

that the phase velocity rather than the signal (group) velocity is considered.

Since the phase velocity is constant in all frames, it follows that the Michel-

son{Morley experiment must produce in vacuum a null result, even if the Earth is

moving relative to the absolute spacetime. This contradicts the standard interpre-

tation that MM-type experiments disprove the existence of a preferred reference

frametext.
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