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Abstract

Many experiments concerning the determination of the speed of light have
been proposed and done. Here two important experiments, Michel-
son-Morley and Sagnac, will be discussed. A linear moving variation of Mi-
chelson-Morley and Sagnac devices will then be proposed for probing expe-
rimentally the invariance of the speed of light.
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1. Introduction

Starting with Galileo, many experiments to study the speed of light have been
proposed and done. One of the most famous, designed to study the existence of a
hypothetical luminiferous aether, was undoubtedly the Michelson and Morley
experiment [1]. The null results of this experiment, to prove the existence of a
hypothetical aether wind, led to relativity [2].

Another very important set of experiments, although less acknowledged by
most of the scientific community, was done by Sagnac [3] [4] [5] in 1910. The
results of his experiments are, according to some authors, against the assump-
tion of the impossibility of attaining speeds for the light greater than ¢ in every
physical circumstance.

A natural conclusion of the Sagnac experiment and of other modern im-
provements of it done by Ruyong and collaborators [6] [7] is that indeed it
seems possible, at least according to some authors, to go beyond the limit im-
posed by relativity for signal transmission. On the other hand, further increasing
this belief, the tunneling experiments by Nimtz [8] [9] [10], reproduced over the
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world, have also led to information transmission at velocities up to v>4.7c.
This experimental evidence seems to indicate that in very special cases it is in-
deed possible to attain speeds beyond the light barrier.

A linear one-arm moving version of Michelson-Morley experiment that
shares, in a certain way, very close similarities with a one-beam linear variant of

Sagnac experiment will be presented here.

2. The Michelson-Morley Experiment

The Michelson-Morley device is one of the long list of experimental setups de-
signed to study the behavior of the speed of the light in diverse physical situa-
tions. The sketch of the experimental setup is shown in Figure 1 (whenever
possible, we have drawn the light rays paths separately in the depicted experi-
ments).

The drawing represents the best possible situation for a possible alteration of
the interference pattern observed at the detector, in which the device is standing
still relative to the Earth and the horizontal arm of the interferometer is aligned
with the hypothetical luminous aether wind. For other less affected directions,
measurements were made at well separated times, taking in consideration the
rotation of the Earth relative to the aether or, simply by rotating the interfero-
meter.

In the best situation, shown in the picture above, for the hypothetical effect of
the luminiferous aether wind to manifest itself on the velocity of light, the ex-
pected experimental results under the hypotheses stated below, would be:

1) The luminous aether exists. Assume further that the effect of the aether
wind on the speed of light is described by a linear additive rule, v=c=*v,,.
Here v is the resultant light velocity, ¢=3x10"m/s is the speed of the light in

the air or in vacuum, and v,, is the velocity of the aether relative to the Earth.

Aether wind

Source

Aether wind

Detector

Figure 1. The Michelson-Morley experiment.
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In these circumstances the expected times taken in each direction would be:

L L
t, = and ¢, =
c—v,, c+v,,

(1)

L being the length of both the horizontal and the vertical interferometer arms.
The total time taken, for the light to go and return along the horizontal arm,
beamsplitter-mirror-beamsplitter, is given by
L L

+
c—v, c+v,

L, =t+t, =

(2)

The reference time, taken as the round time from the splitting region along

the vertical arm, will be the same in each direction and given approximately by

L L L
t, =t +t)=—+—=2=" (3)
c c c
The time difference seen at the detector is
L L L
At = + 2= (4)
c—v,, C+v, c

This was the approach followed by Michelson and Morley. Other authors have
improved on their calculations along the vertical arm leading to the final result

At:L+L—2 L (5)

— 2 2
C™Vie CHTVie (" =V,

The time difference between the two beams arriving at the detector would lead

to an observable change in the interference pattern, both with (4) and (5).

2) No luminous aether exists or if it exists does not affect significantly the
speed of light.

In this situation v, =0 and consequently the time difference between the
round trip of light in both arms of the interferometer willbe A7 =0.

As is well known, experiments done by Michelson and Morley and later im-
proved upon by many experimental teams, all over the world, have shown no
significant change in the fringe pattern, implying that indeed we have Ar=0.
This means that no aether exists or if it does, it has no observable effect on the
behavior of light. As it is well known, these “null” results led Einstein to his

theory of relativity.

3. The Sagnac Experiment

Instead of leaving the interferometer standing still with the Earth, and thus
moving relatively to a hypothetical luminiferous aether in which it is immersed,
Sagnac placed his device on a rotating platform, as shown in Figure 2

In order to estimate the expected time difference between the two round tips,
again the two previous assumptions are possible:

1) The linear additive rule applies. In this situation, the times taken by each
round trip, depending on the respective propagation direction relative to the ro-

tation of the apparatus, would be given by
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Detector

and ¢, =4 = (6)

and the time difference

At=—ty =t L =L[ L j ?)
c

c—v, c+v, -V, c+v,
in which v, is the tangential velocity of the mirrors and of the beamsplitter,
and L is the total length of the light along the square path.

2) The linear additive rule does not apply and no change in the speed of the
light is expected in any direction. In this case, we have ¢ =¢, and consequently
we shall have a null time difference, that is

At=t —t,=0 (8)

Experiments confirm that the additive linear rule applies and that the ob-
served time difference is consequently given by expression (7).

These surprising experimental result have been explained both by relativists
[11] [12], that assume that the speed of light can never, in any conceivable cir-
cumstance, be greater than ¢, (v <c¢), and by the authors [13] [14] who believe
that in Nature there are no “man-made impossibilities”. Consequently, one thing
that seems truly impossible, at a certain time and in a given theoretical and ex-
perimental context, in another more developed framework may turn out to be
perfectly possible. In such circumstances, it would be possible to have indeed
superluminal velocities, suchas v=c+v, >c.

To determine if the observed Sagnac time deviation was due to the rotation of
the device, thus originating some acceleration effect, Ruyong and his collabora-
tors [6] [7] developed what they called a linear variant of the Sagnac interfero-
meter, in which the enclosed area may eventually be null. Their idea was, instead

of a rotating platform, to use an optical fiber moving along a loop in which
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source and detector would move together with the fiber, as shown in the picture
below, Figure 3. Initially, they used the traditional circular optical ring obtain-
ing, naturally, the same results as Sagnac did. Next, they placed the moving opt-
ical fiber loop between two wheels with the same angular velocity. They made
devices with different sizes, up to fifty meters.

The results of these experiments, done for different linear sizes of the device,
always with the same angular velocity of the wheels, show that there exists in-
deed a direct dependence of the observed time difference with the length of the
apparatus, given by expression (7). Consequently, one concludes that it is not the
rotation (here solely at the ends of the conveyor) that is essential to the observed
light velocities, but rather the linear parts of the motion of the optical fibers.
There is some resemblance here to the twin paradox [15], in many instances
wrongly attributed to the accelerations of the travelling twin (see also, e.g., Ad-
ler, Bazin and Schiffer [16], as well as Maudlin [17]).

4. The Modified Michelson-Morley Experiment

Inspired in the ideas of Sagnac and Ryuong, it is possible to conceive an inter-
esting modification of the Michelson-Morley experiment. The idea is very sim-
ple! Place the Michelson-Morley interferometer—source mirrors and detec-
tor—on a linearly moving platform. The platform could be placed in diverse
moving systems such as: an airplane, a train, or other, as shown in Figure 4.

Let us now see what are the predictions for the experiment.

Assuming that:

1.1) The speed of the light does not depend on the motion of the source rela-
tive to any referential, namely the Earth.

1.2) The linear motion is relative. In this case one may consider the platform
supporting the device as standing still and the exterior medium moving or
vice-versa.

1.3) Between inertial frames of reference it is not possible to distinguish which
is in motion since their relative velocity is constant, v, = Constant.

1.4) In such conditions, we may take the platform and the interferometer as

standing still and the exterior medium moving.

L ()

Figure 3. Linear Sagnac interferometer with different sizes (the star

represents the laser source and the D-shaped symbol represents the
detector).
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Detector

Figure 4. Moving asymmetric Michelson-Morley interferometer.

As a result of these assumptions, no difference in the observed transit times is
to be expected, and Ar=0.

2) The light, that is, the physical being called photon is a complex quantum
entity.

Thus, in certain particular interacting situations with the medium, we may
observe speeds greater than v >c¢ and the Galilean linear additive rule will de-
scribe fairly well what is going on.

Accordingly, along the line of motion of the platform, the expected observed

times taken in each direction would then be:

L L
t = and ¢, =
c—v, c+v,

i

&)

with L being the length of the longitudinal interferometer arm.
The total time taken for the light to go and return along the horizontal arm,

t, , beamsplitter-mirror-beamsplitter, is now given by

t—t+t—L+L—2L !
PR ey c+v, cl1-v?/c?

i

(10)

The reference time ¢, which is the round time along the vertical arm, whose

size is
L'=aL with0O<a<l1 (11)
may be approached by
tb,:t,'+z;:a—L+a—L:2a—L (12)
c ¢ c

Because the asymmetric arm may be very small, eventually reaching zero

when « =0, the time difference seen at the detector will be

L L
At=t,—t, =——— 4= _2%% (13)
c—v, c+v, c
which, for ¢ =0—>1¢ =0, gives
a=toy L (14)

c—v, c+y

At this point it is convenient to add that, in order to be possible to observe in-
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terferences, it is necessary for the coherence length of the source o to be
greater than the round trip length of the light along the horizontal arm of the

interferometer, that is:

o=>2L (15)

5. Modified Interferometers

The Michelson-Morley and Sagnac interferometers essentially compare the time
difference of two beams of light approximately traveling along the same optical
distance. At the time of their development this requirement was very imperative
since the coherence length of the available thermal light sources was very small.
Now, due the development of high stable laser sources, with large coherence
length, this requirement is no longer needed. Naturally, in any circumstance the
optical path difference may exceed the coherence length of the source.

This new experimental setups makes it possible have one-arm Michel-

son-Morley and one-beam Sagnac interferometers.

5.1. One-Arm Michelson-Morley Interferometer

The asymmetric Michelson-Morley interferometer transforms into a one-arm
interferometer when the vertical path becomes zero, see Figure 5.

As stated above, the coherence length o of the light source verifies condition
(15).

Furthermore, assuming that there is a significant interaction of the photonic
quantum of light with the moving medium, adequately described by an additive

rule, the expected time difference is given by the expression

L L
+

c—V; C+Vi

At=t,—t =t +t,-0= (16)
inwhich ¢, =¢+¢ and ¢ =0.
On the contrary, if the velocity of the light is indeed, in every conceivable cir-

cumstance, independent on the velocity of the interferometer, we will have

AtiAt(vi) (17)

5.2. One-Beam Sagnac Interferometer

The one-beam Sagnac interferometer, as the name suggests, has one single beam
of light traveling in the rotating platform, as shown in Figure 6.
For this experimental setup, the expected time difference between the

round-trip beam and the (almost) direct beam is simply given by

At = or else At = (18)

c+v, c-v,

at the detector, depending on the relative direction of the motion between the
platform and the light beam (L being, as before, the perimeter of the squared
light path).
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Source

3

Detector

Figure 5. One arm Michelson-Morley interferometer.

Detector

Figure 6. One-beam Sagnac interferometer.

This device could be stretched and placed on a linear moving platform (but
now without rotation), as in Figure 7, next.

Again, assuming that the linear additive rule describes approximately the ex-
perimental situation, the expected time difference, will be given by
2 12
c+v, c—-v,

At = (19)
This one-beam moving Sagnac interferometer is, essentially, a one-arm Mi-
chelson interferometer, as depicted in Figure 5.
On the other hand, it should be noted that this device is, in a certain sense,
very similar to the ingenious device imagined by Ryoung, Figure 3. Only now
we do not have optical fibers in rotation and it is rather the whole device that is

moving along a rectilinear trajectory.

6. Conclusion

The proposed modified interferometers, in principle, should allow for a relative-

ly easy detection of any possible change in the speed of light, depending on the
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L

Detector

Figure 7. One-beam Sagnac interferometer on a linearly moving platform (each
horizontal path has now a length Z/2).

rectilinear speed of the interferometer relative to the Earth, and without taking

into consideration any hypothetical acceleration effects.
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