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3 Centro de F́ısica dos Plasmas, IST, 1049-001 Lisboa, Portugal
4 Department of Mechanical and Aerospace Engineering, University of Virginia, P.O. Box 400746,

Charlottesville, Virginia 22904, USA

Received 22 May 2007 / Received in final form 8 February 2008
Published online 4 April 2008 – c© EDP Sciences, Società Italiana di Fisica, Springer-Verlag 2008

Abstract. Propagation of Aharonov-Bohm matter waves and light waves in moving media is characterized
by the interaction electromagnetic momentum. Thus, recent models of light propagation in moving rarefied
media justify and call for an optical experiment of the Mascart-Jamin type, capable of testing the modern
interpretations of ether drift experiments.
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1 Introduction

In recent years a growing number of articles questioning
the standard interpretation of special relativity has ap-
peared [1–5]. Some of the authors adhere to a point of view
close to the historical works of Lorentz and Poincaré, who
maintained the existence of a preferred frame. For exam-
ple, Selleri [2] has developed Bell’s idea [1] and obtained
a true Lorentzian theory, fully compatible with Einstein’s
special relativity in what concerns the description of phys-
ical phenomena, but very different in their interpretation
and in philosophical terms. Another Lorentzian theory,
very close to Selleri’s formulation, was derived indepen-
dently in reference [3].

The possibility of maintaining the existence of a pre-
ferred frame, and parallel interests in the Michelson-
Morley, Trouton-Noble and related effects, arise because
the coordinate transformation used, the Tangherlini trans-
formations [6] (denoted by inertial transformation in [2]
and by synchronized transformation in [3,4]), foresee the
same length contraction and time dilation as the Lorentz
transformations. For a primed frame moving with veloc-
ity v with respect to a non-primed frame, we have

Tangherlini Lorentz

x′ = γ(x − vt) x′ = γ(x − vt)

y′ = y; z′ = z y′ = y; z′ = z

t′ = t/γ t′ = γ(t − vx/c2). (1)

a e-mail: spavieri@ula.ve
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However, since the time synchronization parameter is ar-
bitrary, there are quantities which eventually cannot be
measured, such as the one-way speed of light [7], since its
measured value depends on the synchronization procedure
adopted [7].

The theory is thus undetermined, unless somehow the
value of the one-way speed of light is indeed unambigu-
ously determined. Using the internal, or round-trip, syn-
chronization procedure Einstein solves the problem in an
extremely simple and elegant way, providing a straight-
forward and effective operational procedure for studying
physics. Nonetheless, other solutions based on different
synchronization procedures are possible [1–5], fully com-
patible with Einstein’s relativity in practice, but with
very different assertions in fundamental and philosophi-
cal terms [2–4].

If these different views are indeed truly compatible, it
can be argued that the discussion is mostly just an aca-
demic and philosophical one, because these contrasting
formulations can be seen just as merely different aspects
of the same theory. However, even if different formulations
lead to the same mathematical results, their different un-
derlying assumptions might either stimulate or obstruct
further research.

Some have argued that these different formulations of
special relativity are truly compatible only in vacuum, as
differences may appear when light propagates in transpar-
ent media. Thus, physicists have recently proposed exper-
iments for predictions of the theory that have not been
fully tested. Moreover, some have formulated untested as-
sumptions that differ from the standard interpretation of
special relativity [3,5,8,9].
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Consoli and Costanzo [5], Cahill and Kitto [10], and
Guerra and de Abreu [3,4], point out that for experiments
of the Michelson–Morley type, which are often said to have
given a null result, it has been stressed that this was not
the case, and cite the famous work by Miller [11]. These
authors thus claim that the available data point towards a
consistency of non-null results when the interferometer is
operated in the “gas-mode”, corresponding to light prop-
agating through a gas [5] (for example, air or helium).
Furthermore, as shown by Consoli and Costanzo [5], the
conclusion that the Michelson-Morley experiment may be
a non-null result applies also to all of its more recent ver-
sions that include refined maser tests. The original im-
portant assumption (which to now still lacks a truly solid
justification) that was made by the authors that seek to
corroborate their claims of a non-null result, can be stated
as:

– light in a moving rarefied gas of refractive index n very
close to 1 propagates with speed very close to c/n in
the preferred frame, as if the medium were practically
isotropic and at rest.

In the following we refer to the above light propaga-
tion property as the Consoli and Costanzo assumption
or model. In order to clarify how the Consoli model dif-
fers from special relativity, we consider in this paper light
propagation in a slowly moving medium (v/c � 1) and re-
call that according to special relativity, the speed of light
for propagation in the direction of v is

c(n) =
c

n
+

(
1 − 1

n2

)
v, (2)

as predicted also by Fresnel [12] and corroborated by the
Fizeau [13] type of experiments. The point is that in
the experiments that support (2), a compact refractive
medium (water, glass, etc.) was used so that up to the
present there are no direct or dedicated tests of the valid-
ity of (2) for light in a moving rarefied medium.

The Consoli assumption about light propagation in
rarefied moving media can be conveniently expressed, in-
stead, as

cR(n) =
c

n
+ ef

(
1 − 1

n2

)
v (3)

where cR(n) is the speed of light in the preferred frame,
v the speed of the moving medium, and the coefficient ef

is � 1. Actually, ef � 0 in Consoli’s original assumption,
so that cR(n) � c/n.

Thus, the physical models of light propagation that we
wish to test are:

– special relativity, or equivalent theories based on the
Tangherlini transformations that make the same ba-
sic assumptions of special relativity in the preferred
frame. The standard expression (2), valid in general
for a rarefied or compact moving medium, is assumed
by these theories;

– Consoli’s model or assumption cR(n) � c/n, based on
expression (3) and valid for a rarefied moving medium
only.

Obviously, expression cR(n) in (3) differs from c(n) in (2).
Therefore, an optical experiment capable of testing cR(n)
versus c(n), can discriminate Consoli’s model (3) with
ef � 0, from special relativity’s prediction (2).

Before discussing our novel optical experiment, we
deem it convenient to consider recent discussions on the
electromagnetic momentum and its role in the equations
for propagation of matter and light waves. In fact, wave
propagation in moving media has attracted the attention
of several physicists in recent years for purposes not neces-
sarily related to the ether-frame hypothesis. The analogy
between the wave equation for light in moving media and
that for charged matter waves has been pointed out by
Hannay [14] and later addressed by Cook et al. [14] who
have suggested that light propagation at a fluid vortex
is analogous to the Aharonov-Bohm (AB) effect, where
charged matter waves (electrons) encircle a localized mag-
netic flux [15]. These other models of wave propagation are
not to be considered in the present scenario as alternative
additional models to be tested. However, they are not in-
compatible with Consoli’s assumption and are introduced
here because they are useful for providing a rough estimate
of the coefficient ef appearing in expression (3). Indeed,
for equation (3) to be meaningful and agree with the re-
sults of the Fizeau type of experiments, ef must tend to
1 for compact media, as in (2).

The main contribution of this paper consists in propos-
ing a new optical experiment that is particularly suitable
for testing the speed of light in rarefied media. The exper-
iment is analogous to the historical test of Mascart and
Jamin [16], that yields observable variations in the first
order in v/c for the test of the speed v of the preferred
frame. Before describing the experiment and in order to
justify the need for this or other optical tests, it is worth
revisiting the above-mentioned aspects of the controversy
of the preferred-frame hypothesis versus special relativity
that are related to light propagation in moving media.

2 Wave equations for matter and light waves

According to Fresnel [12], light waves propagating in a
transparent, incompressible moving medium with uniform
refractive index n, are dragged by the medium and develop
an interference structure that depends on the velocity v of
the fluid. The speed achieved in the ether frame is (2) as
later corroborated by Fizeau [13]. We recall that there is
a formal analogy between the non-relativistic expression
of the wave equation for light in slowly moving media and
the Schrödinger equation for charged matter waves in the
presence of the external vector potential A, i.e. the mag-
netic AB effect. Generally, in quantum effects of the AB
type [15,17,18] matter waves undergo an electromagnetic
(em) interaction as if they were propagating in a flow of
em origin that acts as a moving medium [18] and modifies
the wave velocity. This analogy has led to the formulation
of the so-called magnetic model of light propagation [9,14].
In both cases the waves interact with the medium so that
the wave equations contain a term that is generically re-
ferred to as the interaction momentum Q. In seeking an
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analogy between the equations for matter waves and light
waves, the Schrödinger equation for quantum effects of the
AB type (with � = 1) [18] and the wave equation for light
in moving media can be written [9,14] as

(−i∇ − Q)2Ψ = p2Ψ. (4)

Equation (4) describes matter waves if the momentum p
is that of a material particle, while, if p is taken to be the
momentum �k of light (in units of � = 1), equation (4)
describes light waves.

(a) In quantum effects of the AB type [15–18] there are
no external forces acting locally on the particles so that the
particle momentum p = mv and energy E = (1/2)mv2

are conserved. For these quantum effects, the solution to
equation (4) is given by the matter wave function

Ψ = eiφΨ0 = ei
∫

Q·dx Ψ0 = ei
∫

Q·dx ei(p·x−Et) A (5)

where Ψ0 solves the Schrödinger equation with Q = 0.
(b) For light in moving media, the interaction term is

the Fresnel-Fizeau momentum [9]

Q = − ω

c2
(n2−1)v, (6)

and a solution of the type of (5) may assume the forms

Ψ = eiφΨ0 = eiφei
∫

(k·dx−ω dt)A;

Ψ = ei
∫

(K(x)·dx−ω dt)A (7)

where k and K(x) are wave vectors, ω = k c/n the angular
frequency, and n the index of refraction, while Ψ0 solves
equation (4) with Q = v = 0. Actually, the same wave
equation (4) can be derived without reference to special
relativity by taking into account the polarization of the
moving medium [19].

Although electrons and photons do not necessarily ex-
hibit the same behavior, the fact that the corresponding
waves share the same wave equation (4) implies a close
analogy for the behavior of matter and light waves. More-
over, it has been shown [18,20] that for both matter waves
of effects of the AB type [18] and light waves in moving
media [20] , the interaction momentum Q is related to the
linear momentum of the em fields Pe. Thus, the existing
analogy between the two wave equations is corroborated
by the fact that they share a physically meaningful term
that involves an interaction of the same physical nature.
Two theoretical possibilities arise [9]:

– by incorporating the phase φ in the term
∫

K(x)·dx,
the last expression on the rhs of equation (7) keeps
the usual invariant form of the solution as required by
special relativity and one finds [20] for the speed of
light the result c(n) = (c/n)ĉ+(1−1/n2)v = (c/n)ĉ−
Q(c2/n2ω) in agreement with equation (2) and special
relativity;

– maintaining instead the analogy with the AB effect,
the solution can be chosen to be represented by the
first term of equation (7), Ψ = eiφΨ0. In this case,
the phase velocity changes but the speed of light (the

particle, or photon) may not change [9]. This result is
in total agreement with the analogous result for the
AB effect where Q = (e/c)A and the particle speed
is left unchanged by the interaction with the vector
potential A.

3 Interaction momentum for matter and light

The magnetic model has been applied to light propagating
in liquids or solids in motion. It is not in conflict with the
hypothesis of Consoli and Costanzo on light propagation
in rarefied moving media. In fact, it may lend support
to this hypothesis as we show below. To demonstrate this,
we first recall the existing relation between the interaction
momentum Q and the linear momentum of the em fields
Pe [20]. In general, with T M

ik as the Maxwell stress-tensor,
the covariant description of the em momentum leads to
the four-vector em momentum Pα

e expressed as

P i
e c = γ

∫
(cg+T M

ik βi)d3σ cP 0
e = γ

∫
(uem −v · g)d3σ

(8)
where β = v/c. The em energy and momentum are evalu-
ated in a special frame K(0) moving with velocity v with
respect to the laboratory frame. Here, uem is the energy
density of em waves and the energy flow is S = gc.

All the effects of the AB type discussed in the liter-
ature [15–18] can be described by equation (4), provided
that the interaction momentum Q is related [18,20] to Pe,
the momentum of the em fields. If Q is thought of as de-
scribing a moving fluid or a flow v, the particles or matter
waves propagate through this moving em fluid. The AB
term Q = (e/c)A of the magnetic AB effect is obtained
by taking Q = Pe = 1

4πc

∫
(E × B)d3x′ where E is the

electric field of the charge and B the magnetic field of the
solenoid. A general proof that this result holds in the natu-
ral Coulomb gauge, has been given by several authors [21].
Actually, the observable quantity is not the phase but the
phase shift variation ∆Φ [18] so that what is physically
meaningful is the variation of Pe as related to ∆Φ.

To derive the result of (6) for light propagation in
moving media, the standard classical-quantum correspon-
dence

∫
uem d3x′ → n2ω and c−1

∫
g d3x′ → k, that holds

(� = 1) for the energy ω and the momentum k, has been
used [20]. It turns out that the relevant variation of the
momentum Pe is the one that is due to the interaction
polarization em momentum [20], which we denote as Pei.
The sought-for variation of the interaction polarization em
momentum yields the result [20]

Q = ∆Pei(v) � − ω

c2
(n2 − 1)v, (9)

which is the Fresnel-Fizeau momentum of equation (6).
Thus, the Fresnel-Fizeau momentum Q is given by the
variation of the interaction polarization em momentum
Pei due the flow v, i.e., Q is the dragged interaction em
momentum. This interpretation in terms of the drag of
the interaction polarization momentum agrees with the
one given by Panofsky and Phillips [19].
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4 Consequences of the magnetic model
of light

The following properties: (i) in AB effects the velocity of
particles differs from that of the waves; (ii) the matter-
wave equation for AB effects is analogous to that of light
in slowly moving media; and (iii) the interaction momen-
tum Q has the same physical origin for both matter and
light waves, leave open the possibility that the speed of
photons in moving media may differ from the wave (or
phase) speed. This possibility has been discussed else-
where [9] in relation to the interpretation of the Fizeau ex-
periment. A clear-cut way to clarify this important point
is to perform measurements of the time of flight of photons
in moving media to assure the correspondence foreseen by
special relativity between phase velocity and photon ve-
locity.

If we suppose in the following that the phase and par-
ticle velocities of light coincide in moving media, we can
then explore possible modifications of the present Fresnel-
Fizeau momentum when the moving medium is composed
of rarefied gas. In effects of the AB type the flow v has an
em origin and is determined by the interaction em momen-
tum Q. It is the em interaction that characterizes the flow
Q÷ v and the corresponding “ether dragging”. Depend-
ing on the properties of the interaction fields, the velocity
of the particles through the medium may or may not be af-
fected. For example, in the magnetic AB effect the speed of
particles is not affected by the em flow. Analogously, also
in the case of light propagation it is the interaction fields
that characterize the flow Q ÷ v and the corresponding
ether dragging, so that the velocity of photons through a
moving medium will be affected to a degree that depends
on the various properties of the interaction fields, such as
the intensity and relative spatial extension over the total
volume, both of which are measures of the effective lo-
cal interaction em energy and momentum. The speed of
light c/n in a medium is proportionally related to the to-
tal em momentum [20] which is the volume integral (8) of
the momentum density. The fields E, B, D, and H that
appear in the em momentum extend over the total vol-
ume V of the medium where light propagates. Instead,
the Fresnel-Fizeau term Q(v) is related to the integral of
the interaction em momentum density over the volume Vi

which stands for the region of space where the interac-
tion fields, such as the polarization fields of the molecules,
extend.

It is worth emphasizing that the mechanism proposed
here is far more general than Fresnel’s drag and it may be
misleading to use the expression “ether drag”. Therefore,
one should perhaps use the expression “drag-like” or “light
delay” to refer to this phenomenon.

It is not completely unconceivable to suppose that the
effectiveness of the light delay mechanism in a compact
moving medium differs, and perhaps even substantially
so, from that of a non-compact moving medium, such as
a rarefied gas, even if they have the same index n. In a
compact medium the polarizable molecules interact and
form bonds, and the velocity-dependent em fields induced
on a moving molecule influence the nearby molecules. It is

likely that the effectiveness of the drag-like phenomenon
may in part be due to a collective effect of the fields of
the interacting, polarized moving molecules. If one visual-
izes these fields, in a compact medium the field lines form
a thick net comoving with the polarized molecules. Light
propagates through and within this net and its motion af-
fects the light velocity. For a moving compact medium, the
interaction fields that depend on the flow v and contribute
to the Fresnel-Fizeau momentum Q(v), occupy the whole
available volume and we have Vi � V . However, in a rar-
efied gas the molecules do not interact much and the em
fields of the light wave act locally on the molecule whose
polarization and the v-dependent interaction fields do not
overlap significantly. The effectiveness of the drag-like ef-
fect due to the moving net of polarization field lines could
be reduced in this case.

It may be objected that the value of the speed of light
in different moving media is already factored in by the
value of the refractive index n so that the dragging, or light
delay, would be the same for a compact solid/fluid or a rar-
efied gas. This could be true for a medium at rest, where n
represents its average refractive properties and where the
total em momentum determining the speed c/n spans the
total volume V , which is the same for both compact and
rarefied media. However, as shown in (2) and (9), the func-
tional dependence on n of Q(v) (proportional to n2 − 1)
differs from that of the total em momentum (proportional
to 1/n). In a moving medium, even if n were the same for
both compact and rarefied media, the v-dependent po-
larization fields responsible for the light delay differ from
those of a medium at rest and, moreover, extend over the
volume Vi � V for a compact medium, but only over the
volume Vi < V for a rarefied medium. Since the Fresnel-
Fizeau interaction momentum Q(v) is effective over the
volume Vi only, the drag-like effect could be different for
the two different media.

Fresnel derived the historical dragging coefficient, f =
1 − 1/n2, assuming that the speed of light in a refrac-
tive medium is related to the density of the ether in that
medium. It has been shown that the coefficient f is ac-
counted for by the expression (9) of Q(v). As an ad hoc
hypothesis or tentative model of the light delay mecha-
nism, we suppose now that its effectiveness ef arises from
the relative spatial extension Vi of the interaction em mo-
mentum Q(v) with respect to the extension V of the total
em momentum. We then introduce the ratio ef = Vi/V ,
where the volume Vi can be calculated by determining the
region of space over which the interaction fields due to po-
larization extend, that is, the region of space wherein there
is a non-zero energy density due to polarization, while the
total volume V corresponds to the whole region of space
over which the effective fields of the propagating light wave
extend. The effective em interaction momentum, to be
used in determining the speed of light in moving media,
will be assumed to be given by the effective Fresnel-Fizeau
term

ef Q = (Vi/V )Q.

These arguments, which might partly justify the assump-
tion of Consoli et al. on the speed of light in moving
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Fig. 1. Scheme of the optical experiment.

rarefied gases, are based mainly on the established relation
between the Fresnel-Fizeau term Q and the em momen-
tum of interaction fields and are being proposed in the con-
text of standard electromagnetism. However, it is worth
recalling that other arguments and approaches outside of
classical electrodynamics also suggest the validity of this
assumption [22]. As mentioned by Consoli and Costanzo
one argument is based on the presence of ingredients that
are often found in present-day elementary particle physics,
namely: (a) vacuum condensation, as with the Higgs field
in the electroweak theory, and (b) an approximate form of
locality, as with cutoff-dependent, effective quantum field
theories [23]. The resulting picture is closer to a medium
with a non-trivial refractive index [22] than to the empty
space-time of special relativity.

The tentative and untested model based on the em in-
teraction momentum here proposed foresees that the ve-
locity of light in moving rarefied media is

cR(n,v) =
c

n
ĉ − c2

n2ω
ef Q =

c

n
ĉ + ef

(
1 − 1

n2

)
v, (10)

that coincides with equation (3). The hypothesis of Con-
soli of the speed cR(n) � c/n in the preferred frame for
moving rarefied gases, will be justified for our model if
ef = Vi/V turns out to be very small and negligible in
this case. Let us provide a rough estimate of Vi/V for
air at room temperature. Supposing that an average air
molecule has spherical shape and possesses a radius a,
and that the external effective fields of the light wave are
uniform and extend over the volume V , the interaction
momentum is given by terms such as

∫
V i

Ei pol d
3x (i.e.,

proportional to the volume integral) where Ei pol is the
interaction field of the polarized molecule localized in the
volume Vi of the molecule. Assuming uniform polariza-
tion we have

∫
V i Ei pol d

3x = Ei pol Vi = Ei pol(4π/3)a3 so
that Vi/V = (a/R)3 where R is the size of the medium
where light propagates. However, the polarization field is
not limited to the size a of the molecule. The field of a
polarized molecule possessing dipole moment p is Ei pol =
[3n(p · n) − p]/x3. The volume integral of all the compo-
nents of Ei pol vanishes except for the term p/x3. Writing
Ei pol = p/r3 = Eia

3/r3 we see that the 1/r3 dependence
increases the effectiveness of the interaction momentum
because the interaction does not vanish completely out-
side the volume of the molecule. The extra contribution is

∫
Ei pol d

3x =
∫ R

a
Ei (a3/r3)r2 dr = Ei a3 ln(R/a) which,

with Na the air concentration of molecules, implies

ef =
Vi

V
= Na

a3

R3
[1 + (3/4π) ln(R/a)] (11)

to be used in (10).
To compute ef in the case of air, we take Na �

1025 m−3 for the number density or concentration of air
molecules at sea level and at Ta � 300 K. Air is composed
mainly by nitrogen and oxygen molecules. From Chem-
istry WebElements Periodic Table we find: N: covalent
radius 75 pm, Van der Waals radius 152 pm; O: covalent
radius 70 pm, Van der Waals radius 149 pm. For light
propagating in a unit volume of air, assuming an aver-
age molecular size a = 300 pm = 300 × 10−12 m we have
a/R = 300×10−12 and from (11), ef = Na(a3/R3) 22.9 =
6.1 × 10−3, which can be neglected.

Thus, our model foresees that the speed of light
cR(n,v) in rarefied moving media depends on v and is
actually not c/n but, quantitatively, the changes found do
not alter significantly the basic hypothesis cR(n) � c/n
and the resulting analysis by Consoli and Costanzo [5,10]
and de Abreu and Guerra [3,4].

5 Optical test in the first order in v/c

At the time it was formulated, Fresnel’s theory was able
to explain the null result of ether drift experiments that
were attempting to detect the ether wind to first order in
v/c. With the present hypothesis of a negligible drag-like
effect for moving rarefied gases, ether drift experiments of
the order v/c become meaningful again. Let us consider
for example the following experiment which is a variant of
the Mascart and Jamin experiment of 1874 [16].

A ray of light is split into two rays at A, which then
propagate separately through the arms 1 and 2 of the in-
terferometer which is moving with velocity v with respect
to the preferred frame. The rays recombine at B where
the interference pattern is observed. The arms 1 and 2 are
made of a transparent rarefied gas or material with indices
of refraction n1 and n2 (see Fig. 1).

(a) First we recover the null-result prediction of special
relativity (or equivalent preferred frame theories based on
the Tangherlini transformations). One could use the ex-
pressions for the speed in moving frames resulting from
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the Tangherlini transformation (1), which can be found
also in [3,6]. Alternatively, the calculation can be done us-
ing the standard velocity addition from the Lorentz trans-
formation, i.e., using the definition of Einstein speed as
detailed in [3]. In the preferred frame, the light speeds in
the arms are c(n1) and c(n2), as given by (2). The speed
of light in arm 1 in the frame of the interferometer, mov-
ing with speed v with respect to the preferred frame, is
for Tangherlini and Lorentz, respectively,

w1T =
c(n1) − v

1 − v2/c2
� c

n1
− v

n2
1

,

or w1L =
c(n1) − v

1 − v/(c n1)
� c

n1
, (12)

where for c(n1) we have used (2), and analogously for w2.
The speeds w1T and w1L differ because the one-way speed
is undetermined. However, the final observable result is
the same for both transformations. Choosing either w1T

or w1L, if L is the length of the arms, the time delay,
or optical path difference, for the two rays yields, to first
order in v/c,

∆t(0o) = L

(
1
w1

− 1
w2

)
� L

c
(n1 − n2)

that does not depend on v. To observe a fringe shift, the in-
terferometer needs to be rotated, typically by 90 or 180 de-
grees. The time delay for 180 degrees, ∆t(180◦), is the
same as ∆t(0◦) with v replaced by −v. Since the time
delay does not depend on v, the final observable result
∆t(0◦)−∆t(180◦) is a null result, and this is what special
relativity (or equivalent preferred frame theories based on
the Tangherlini transformations) foresees.

(b) Let us now check the result of this experiment as-
suming the light speed (3), according to Consoli’s model.
In the preferred frame, the light speeds in the arms are
cR(n1) � c/n1 and cR(n2) � c/n2, respectively. The speed
of light in arm 1 in the frame of the interferometer is now

w1T =
cR(n1) − v

1 − v2/c2
or w1L =

cR(n1) − v

1 − v/(c n1)
, (13)

where we may take cR(n1) � c/n1. In this case, the time
delay yields, to first order in v/c,

∆t(0◦) = L

(
1

w1
− 1

w2

)
� L

c
(n1 − n2)

[
1 +

v

c
(n1 + n2)

]
.

(14)
The time delay for 180 degrees is the same as that of
equation (14) with v replaced by −v. The observable fringe
shift upon rotation of the interferometer does not vanish
to first order in v/c and it is related to the time delay
variation

δt = ∆t(0◦) − ∆t(180◦) � 2
v

c
(n2

1 − n2
2)

L

c
. (15)

Therefore, for our experiment of the Mascart-Jamin type
Consoli’s model for light propagation in moving rarefied

media leads to a nonnull result, that obviously differs from
the prediction of special relativity because of the respec-
tive different propagation assumptions (3) and (2).

Choosing two media with different refractive index
such that n2

1 − n2
2 is not too small (>10−3), the result-

ing fringe shift should be easily observable if the preferred
frame exists and its speed v is not too small. Knowing
the sensitivity of the apparatus, one could set the lower
limit of the observable preferred speed v. Standard in-
terferometers, used in the Michelson-Morley type of ex-
periments, could detect a speed v as small as 1 km/s.
Thus, this optical experiment, in passing from second or-
der (v2/c2) to first order tests, should be able to improve
the range of detectability of v by a factor (c/v)(n2

1−n2
2) �

3× 105 × 10−3 = 3× 102, i.e., detect with the same inter-
ferometer speeds as small as (3× 102)−1 km/s = 3.3 m/s.
The same improvement applies to a more sensitive inter-
ferometer or apparatus, such as the one used in maser
tests.

The advantage of the modified Fizeau experiment pro-
posed by Guerra and de Abreu [4] over experiments of
the Michelson-Morley type as considered by Consoli and
Costanzo [5], is that it is an experiment of the order v/c.
Nevertheless, the feasibility and sensitivity of both exper-
iments can be relatively similar [22], as the former one
has to reject detection in order to prove a null result. The
advantage of the present experiment over that proposed
by de Abreu and Guerra is that one does not require a
moving fluid, and it is thus easier to perform.

6 Conclusions

The outcome of historical optical tests have been discussed
and interpreted in a great variety of contexts and mod-
els, mostly within classical ether theories that range, for
example, from the preferred frame where Maxwell’s equa-
tion are valid, to the Stokes-Planck ether dragged locally
by massive bodies [24]. In the present paper we have con-
sidered light propagation in slowly moving rarefied media
within a more limited scenario that essentially entails two
different basic models:

(a) special relativity (or equivalent preferred frame theo-
ries based on Tangherlini’s transformations) with the
corresponding expression for the light speed c(n) (2),
valid for any type of media, compact or rarefied;

b) Consoli’s assumption cR(n) � c/n, supported by the
modified light speed expression cR(n) (3) that con-
tains the coefficient ef . Consoli’s hypothesis is valid
for rarefied media only.

In recalling the properties of matter and light wave prop-
agation, we have pointed out that the interaction mo-
mentum Q appearing in the effects of the AB type and
in the description of light propagation in moving media,
possesses the same physical origin, i.e., is given by the
variation of the momentum of the interaction em fields
Pe. Furthermore, we have emphasized that, even assum-
ing that the particle and wave velocities coincide, it is
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conceivable to expect that the effectiveness ef of the light
delay mechanism in a rarefied gas differs from that of
a compact transparent fluid or solid. On the basis that
the Fresnel-Fizeau term Q(v) is given by the polarization
interaction em momentum evaluated over the volume Vi

spanned by the polarization fields, and under the assump-
tion of an ether with non-trivial refractive index, we have
introduced the tentative hypothesis that the effective in-
teraction em momentum is ef Q = (Vi/V )Q where the
volume V corresponds to the case of a compact medium.
Thus, ef is nearly zero for rarefied media, and ef = 1 for
compact media.

This tentative model of light propagation lends quan-
titative support to the analysis made by Consoli and
Costanzo [5] and Guerra and de Abreu [4]. With Con-
soli’s cR(n) � c/n hypothesis for rarefied moving media,
optical experiments of first order in v/c now yield non-
null results. Thus, as a test of Consoli’s assumption for
the speed of light and the preferred frame velocity, we
propose a first order optical test that is a variant of the
historical Mascart-Jamin experiment.

Regardless of the polemical aspects involved, our con-
siderations of wave propagation and the simple optical
test proposed could be useful for future studies of light
propagation in moving rarefied media.

This work was supported in part by the CDCHT (Project C-
1413-06-05-A), ULA, Mèrida, Venezuela.
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