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Fringe shifts are measured when an in-laboratory, one way interferometer is rotated. Apart from slow rotation, the interferometer is fixed in the laboratory's reference frame. As there is no relative motion between parts of the interferometer, fringe shifts are not expected. However, it is shown that fringe shifts are predicted when the experiment is analyzed using Fresnel Drag and Lorentz Contraction theories. These shifts suggest detection of Absolute Motion. The magnitude of fringe shifts depends on the angle of rotation, and on the hour of the measurement.

Introduction

Before Young's experiments in the 19th century, when he made interfere two light wave fronts, many experiments had been already done with the purpose of determining various properties of matter and light itself.

Given that many experiments demonstrated the wave-like nature of light, and therefore the belief that light propagated through a physical medium, during the 19 th and 20 th century many different experiments were made to find this medium, so called "luminiferous ether".

The postulation of Maxwell Equations of Electromagnetism (1865) encouraged further the search of the ether, because it was needed to find the medium over which light propagated at 'c', predicted in the derived electromagnetic wave equation.

As it is today generally accepted, such ether has never been found. All experiments have been reported null or results obtained have been much less than expected (as for example the very famous Michelson and Morley Experiment in 1887). Recent experiments claim to have reduced the existence of the ether with wonderful precision [START_REF] Ch | Laboratory Test of the Isotropy of Light Propagation at the 10-17 Level[END_REF].

Before the Special Theory of Relativity (SR) was postulated by Einstein in 1905, the scientific community had theories that explained the null results obtained in the experiments in search for the ether. The null results obtained by Arago, Mascart and Jamin, Airy, and others, were successfully explained by Fresnel (1818), postulating the Drag effect that material bodies had over the ether, this was later on called Fresnel's Drag. Michelson & Morley's (M&M) results were explained by Lorentz, introducing his well known transformations, predicting a contraction of bodies in the direction of their motion. This is known as Lorentz Contraction.

In 1905, Einstein postulated the Special Theory of Relativity (SR), which had great success among the community of physicists, and that also explained the results of the M&M experiment, as well as all previous null experiments. Although analogous formulations of the Lorentz Contraction can be obtained as a result of Einstein's postulates, the interpretation of the results differs greatly.

Based on our knowledge of these theories, an experiment was devised as to obtain a null prediction if based on SR postulates, but to obtain not null prediction if using the classical concepts of Lorentz Contraction and Fresnel Drag and if motion with respect to an absolute preferred reference frame is assumed.

Our experiment consists of an interferometer at rest in the laboratory's reference frame. The interferometer rests on a floating base, which can be rotated 360º. The most important characteristic of the interferometer is that only one of the beams of light traverses a glass block, while the other beam travels through air. This characteristic breaks symmetries found in similar experiments (see for example [2]). Other characteristic is the fact that both beams travel their path only in a one-way sense, making it a 'one-way' interferometer. As it will be described in the following sections, while the interferometer is rotated 360º, it can be seen a maximum absolute fringe shift of approximately 1.36 ± 16% fringes.

In the following sections we present the description of the experimental setup, the theoretical analysis, the experimental procedure, the results obtained and the conclusions. In our belief, the most important thing about our experiment is that the interference fringes indeed move in an appreciable manner.

Description of the Experimental Setup

As seen in Figure 1, the optical system (interferometer) rests on a flat, circular, toughened glass base (diameter 1.2m), which is mounted on a block of polystyrene (15cm thick), which floats on water in a cylindrical container (diameter ~1.75m, height 23cm). The floating system is very stable and can be rotated continually. The basin and the optical system rest parallel to the floor.

The interferometer, as shown schematically in Figure 1, consists of a laser L (20mw LeadLight 532nm GREEN DPSS) which emits a beam directed towards a beam splitter (Plate Beam splitter 50R/50T, Edmund Optics) located at 1 S (all mirrors or beam splitters are fixed and have appropriate ~45º inclinations). 
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travels to a beam expander and finally reaches the Screen, where the interference pattern formed by the beams can be easily observed. The interference pattern is continuously recorded using a video camera, which also rests on top of the toughened glass, appropriately put not to disturb or affect in any way the measurements.

The lengths involved in the interferometer were chosen for that the optical lengths of each beam were as much similar as possible. That is, although the distance traveled by 1 B is physically larger than the path traveled by 2 B , both optical lengths are almost equal, as can be verified by the reader. 

Considerations

It is important to notice that, due to the facts that the interferometer is at rest in the laboratory's reference frame (there is only a slow rotation motion 3º/s), and that there is no relative motion between the parts of the interferometer, the Special Theory of Relativity predicts a null fringe shift. However, if pre-relativistic concepts are used to analyze the experiment, fringe shifts are expected.

Fresnel's Drag and Lorentz Contraction, both require the existence of a velocity 0 v > , with respect to some inertial frame. Because all the apparatus is at rest in the laboratory's reference frame, it is required to assume that the laboratory moves at this velocity with respect to a preferred inertial reference frame. The existence of this preferred frame is not possible in a Relativistic approach.

It is important to say that traditionally Fresnel's Drag and Lorentz Contraction theories have always been used to explain why null results are obtained. We here use those same concepts to explain why non null results should be measured.

Theory

As explained in the previous section, we shall assume that the laboratory moves at a speed v with respect to a preferred inertial reference frame.

We assume initially that v is parallel to the laser beam. We will call XY t to the time it takes light to travel the path XY .

As shown on Figure 2,1 T is the time associated with the path ABCD , and 2 T to AEFD , when the interferometer is oriented to the initial arbitrary direction. We name
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T T T ∆ =the difference in optical paths in this configuration. We have

(

)

EF AB LM CD T t t t t ∆ = - + + (1.1) Since AB AG FH vt = = , using Pythagoras' theorem, it is straightforward to calculate 2 2 AB GB t c v = - (1.2) 2 2 CD CH t c v = - (1.3) Having v c β = and being 2 1 α β = - Lorentz Contraction coefficient, we have LM w t c v α = - (1.4)
To calculate FE t we have to consider 3 effects: 1) that the speed of light inside the glass is c n

, 2) Lorentz Contraction of the glass in the direction of motion and 3) Fresnel's Drag coefficient,

2 1 (1 ) f n = -
, that affects light while traversing the glass. It is not difficult to find that,

A V D H F E G L M B C w FE n w t v c n α = - (1.5)
Finally, we obtain for the initial orientation,

1 2 2 2 2 n w GB w CH T v c v c v c v c n α α ∆ = - - - - - - - (1.6)
In reference to Figure 3, when the interferometer has been rotated -90º with respect to the initial orientation (Figure 2), we shall name 3 T the time that takes light to travel the optical path ABCD , and 4 T the time for the optical path AEFD . We name 2 4 3

T T T ∆ =the difference in time between both optical paths. We have,

(

)

EF AB LM CD T t t t t ∆ = - + + (1.7)
Using analogous considerations as previously, we have

A L M V D F E B C w e f AB AB t c v α = + (1.8) CD CD t c v α = - (1.9) 2 2 LM w t c v = - (1.10)
Where w is the width of the block of glass.

In order to obtain EF t we have to consider that during this time interval light is dragged from f to F (f being the position due to light difraction, F is considering also the dragging effect), 

EF wn t v c n =   -    (1.13)
And introducing these values in (1.7),

2 2 2 2 2 wn AB w CD T c v c v c v v c n α α   ∆ = - + +   + - -     -    (1.14) Calculating 2 1
T T T ∆ = ∆ -∆ and using the fact that 1 1 2 2
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, as shown in Figure 1, we obtain,

2 2 2 2 wn w n w w T v c v c v v c c n n α α ∆ = - - + - -   - -    (1.15)
From (1.15), it is evident that 0 T ∆ ≠ , and that this theoretical approach predicts a fringe shift when the interferometer is rotated -90º.

In order to calculate the number of fringes the pattern 'moves', we multiply (1.15) by the factor c λ , where λ is the laser's wave length. We finally obtain,

2 2 2 1 1 1 1 1 1 1 w n n N n n β β λ β β β           = - -- +     - -     -   -          (1.16)
The fringe shift is verified experimentally, as it is shown in the next section.

The fringe shift predicted in equation (1.16) applies for the 90° rotation as has been described. However, analogous formulae can be obtained for any rotation.

This formula has been deduced for a perfect orthogonal alignment of the mirrors and beam splitters involved in the interferometer. As it is know, in order to actually see fringes, the mirrors and beam splitters have to be slightly non-orthogonal. As was already studied by Hicks [START_REF] Hicks | On the Michelson-Morley experiment relating to the drift of the ether[END_REF], the slight nonorthogonal alignment reduces the symmetry of the interferometer, and instead of having period of 180° it has a period of 360°.

Experimental Procedure

As explained in the previous section, the formulas predict fringe shifts depending on the orientation of the laser and the velocity of the laboratory (the Earth). In order to verify the predicted results, the fringe pattern was observed and measured while the interferometer was being rotated on multiple 360º cycles. We will refer to the group of successive rotations as a "session". To be able to analyze the behavior of the fringe pattern throughout a day, sessions were made each 3 hours throughout a 24h period; this will be referred to as a "day session". A day session consists then of 8 sessions, each of which consisting of at least seven complete 360º rotations, totaling more than 56 full (360º) rotations made throughout 24 hours. In order to determine further characteristics of the fringe shift (in particular, the sidereal day correlation), day sessions were repeated on two different times separated by a month.

The angles are always measured with respect to the cardinal North direction.

As previously said, each session consists of a minimum of seven successive 360º rotations. On each session, the fringe pattern is recorded using a video camera for later analysis. The analysis of the video is very straight forward. Using a computer and video editing software, the recording is amplified over a fixed grid. As the interference pattern is very stable, the grid enables to achieve precisions as low as one tenth of a fringe, which is more than enough to detect the expected fringe shift. More precision could be obtained using the same method, but it is found not necessary.

For each rotation of the interferometer, the position of the fringes are measured each 45º, that is, seven points per 360º cycle. Because at least seven rotations are made each session, we obtain seven points for each angle (0º, 45º, 90º, …, 315º). The standard error of the points is shown as the error bars in Figure 4 through Figure 7.

Experimental Results

Two different day sessions were made. The first day session was made between January 16-17 th . The For the first day session, Figure 4 shows a plot made out of the average of 6 complete and successive rotations of the interferometer, done on Jan 16 th 2010, 21:21 (-4:30 GMT). As in all following figures, the vertical axis shows the fringe shift in number of fringes and the horizontal axis shows the angle at which the laser is pointing, with respect to cardinal magnetic North. The error bars show the standard error of the average. Each complete (360º) rotation of the interferometer is approximately 2 minutes long. This means that the complete session lasts about 12 minutes. There is no measurable temperature fluctuation. All times referred here on are local times, -4:30 GMT, unless stated otherwise.

In Figure 4, it can be clearly seen that when the interferometer's laser is pointing near the North and South direct shift has an absolute amplitude of approximately sessions, where direction and amplitude of fringe shifts vary. , it can be clearly seen that in that session maximum and minimum fringe shifts are achieved when the interferometer's laser is pointing near the North and South directions, respectively. The fringe shift has an absolute amplitude of approximately 1.36 ± 0.23 fringes. This is not the case in the following sessions, where direction and amplitude of fringe shifts vary. shows another session taken on Jan 17 th 2010, 00:34 (-4:30 GMT). Here, the absolute amplitude of the fringe shift is of approximately 0.95 ± 0.19 fringes. The direction of the maximum is roughly oriented towards the North, the minimum oriented towards the South. 4:30 GMT). Here, the absolute amplitude of the maximum is roughly 4:30 GMT). In this session, the fringe. The direction of the maximum and minimum amplitudes is not very well defined, however, it seems clear that, contrary to Figure 4 and , it is the minimum which is located in towards the North direction and the maximum towards Table 1 shows the data used to make 1 The fringe shift at the specified date, for each angle, for each cycle, the mean of the measures and the corresponding standard error (s.e.)

The results obtained for the first day session are very similar to those obtained in the session. The maximum fringe displacement measured in the second day session occurred on Feb. 15 22:51 -4:30 GMT. Table 2 shows the data used to make Figure 8, where the maximum displacement can be observed for the second day session.

Fringe Displacement Feb 15th 2010, 22:51 angle (º) cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 mean s.e. 0 0,49 0,63 -0,13 0,75 0,95 1,06 0,63 0,17 22,5 -0,32 0,20 0,12 0,80 0,81 0,54 0,36 0,18 45 -0,66 0,45 0,07 -0,01 0,39 0,30 0,09 0,17 67,5 -0,70 0,12 0,03 -0,63 0,54 0,16 -0,08 0,20 90 -0,13 -0,02 -0,30 -0,39 0,50 -0,07 -0,07 0,13 112,5 0,02 -0,35 -0,54 -0,91 -0,13 -0,40 -0,38 0,13 135 -0,70 -0,20 -0,38 -0,47 -0,36 -0,45 -0,43 0,07 157,5 -0,25 -0,24 -0,13 -0,03 -0,02 -0,10 -0,13 0,04 180 -0,10 -0,67 -0,37 -0,17 0,04 -0,14 -0,24 0,10 202,5 -0,14 -0,81 -0,41 0,18 0,29 -0,47 -0,23 0,17 225 0,30 -0,95 0,03 0,24 0,25 -1,00 -0,19 0,25 247,5 0,06 -0,12 0,47 0,29 0,11 -0,85 -0,01 0,19 270 0,22 -0,06 0,14 0,15 0,36 -0,70 0,02 0,15 292,5 -0,21 -0,11 0,39 0,69 0,41 -0,45 0,12 0,18 315 0,33 -0,15 0,15 1,04 0,66 -0,30 0,29 0,20 337,5 0,67 -0,29 0,11 1,00 0,52 -0,53 0,25 0,24 Although it is not easy to obtain an exact formula for ( , )

v f N θ =
, it is simple to obtain the speed associated with a fringe displacement N, by elaborating a numerical table.

As it is expressed on equation(1.16), to find the speed associated with a fringe shift N, it is required to use the fringe shift measured when the interferometer has been rotated 90°. As it has already been explained in the last part of Theory section, we can estimate this displacement by using half of the mean absolute displacement observed during the session.

We show in the next table the maximum fringe displacement N obtained in each of the day sessions, the associated value v . 
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 1 Figure 1 Schematic diagram of the experimental setup.

Figure 2

 2 Figure 2 Schematical diagram of the interferometer. The beam propagated from left to right.

Figure 3

 3 Figure 3 Interferometer when rotated 90°with respect to the initial orientation.

  second day session was made almost a month later, on February 14-15th. The results of the first day session are shown in detail. It is observed a maximum fringe displacement of1.36 ± 0.23 fringes on Jan 16 th 2010, 21:21 (-4:30 GMT), on the North-South direction. For the second day session, it is observed a maximum fringe displacement of 1.05 ± 0.29 fringes on Feb 15 th 2010, 22:51 (-4:30 GMT), also in the North-South directions. Considering experimental error, both results are in very good agreement with each other, both in amplitude and direction. The difference in the hour of the maximum can be consistently attributed to the sidereal day displacement, in accordance to expected behavior.
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 4 Figure 4 Fringe shift vs. angle of rotation, 21:21

FigureFigure 6

 6 FigureFigure6shows another session of data taken on Jan 17 absolute fringe shift has an amplitude of approximately 0.42 and minimum amplitudes is not very well defined, however, it seems clear that, contrary to Figure5, it is the minimum which is located in towards the North direction and the maximum towards the south direction.

Figure 5

 5 Figure 5 Fringe shift vs. angle of rotation, 00:34shows another session of data taken on Jan 17 th 2010, 15:45 (-4:30 GMT). In this session, the absolute fringe shift has an amplitude of approximately 0.42 ± 0.27 fringe. The direction of the maximum and minimum amplitudes is not very well defined, however, it seems clear that, contrary to , it is the minimum which is located in towards the North direction and the maximum towards

FigureFigure 7

 7 Figure Figure 7 shows another session of data taken on Jan 17 fringe shift has an amplitude of approximately 0.94 amplitudes are located in the East-West directions, respectively.
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Figure 6

 6 Figure 6 Fringe shift vs. angle of rotation, 15:45 shows another session of data taken on Jan 17 th 2010, 18:35 (-4:30 GMT). Here, the absolute fringe shift has an amplitude of approximately 0.94 ± 0.15 fringes. The maximum and minimum West directions, respectively.

Figure 7

 7 Figure 7 Fringe shift vs. angle of rotation, 18:35 shows the data used to make Figure 4. Similar data tables are used for the other figures.

  GMT). Here, the absolute 0.15 fringes. The maximum and minimum . Similar data tables are used for the other figures.

Figure 8Hour of maximum

  Figure 8Hour of maximum displacement for second day session, on February 15th, 22:51

  at the specified date, for each angle, for each cycle, the mean of the measures and the corresponding The results obtained for the first day session are very similar to those obtained in the session. The maximum fringe displacement measured in the second day session occurred on Feb. 15 Hour of maximum displacement for second day session, on February 15th, 22:51 date, for each angle, for each cycle, the mean of the measures and the corresponding The results obtained for the first day session are very similar to those obtained in the second session session. The maximum fringe displacement measured in the second day session occurred on Feb. 15 th , Hour of maximum displacement for second day session, on February 15th, 22:51

Table

  

		Fringe Displacement Jan 17th 2010, 21:21 (
	angle (º) cycle 1 cycle 2
	0	0,36	1,03
	22,5	0,23	0,96
	45	-0,12	1,37
	67,5	-0,12	0,89
	90	-0,26	0,20
	112,5	-0,46	0,00
	135	-0,46	-0,41
	157,5	-0,40	-0,48
	180	-0,40	-0,35
	202,5	-0,13	-0,14
	225	-0,13	-0,28
	247,5	-0,13	-0,62
	270	0,21	-0,15
	292,5	0,28	-0,15
	315	0,55	-0,15
	337,5	0,76	0,33

Fringe Movement (# fringes) Fringe Displacement Jan 17th 2010, 21:21 (-4:30 GMT) cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 mean

  

	-,400 -,200 ,000 ,200 ,400 ,600 ,800 1,000 Lateral 1,03 0 0,96 1,37 0,89 0,20 0,00 0,41 0,48 0,35 0,14 0,28 0,62 0,15 0,15 0,15 0,33	0,74 0,67 0,19 0,19 -0,36 -0,43 -0,84 -0,64 -0,78 0,25 -0,09 0,04 0,18 0,31 0,72 0,45	0,93 0,79 0,72 0,31 -0,24 -0,52 -0,65 -0,86 -0,66 -0,66 -0,59 -0,80 -0,18 0,16 0,57 0,43	0,57 0,50 0,15 -0,12 -0,12 -0,67 -1,01 -0,88 -0,67 -0,68 -0,61 -0,20 -0,68 -0,68 -0,61 0,21	0,21 -0,48 -0,69 -0,69 -0,10 -0,65 -0,93 -0,93 -0,79 -0,93 -0,45 -0,32 -0,04 -0,04 0,43 0,36	0,64 0,44 0,27 0,08 -0,15 -0,46 -0,72 -0,70 -0,61 -0,38 -0,36 -0,34 -0,11 -0,02 0,25 0,42
	-,600					

Table 2Data used to make the plot of maximum displacement, on February 15th, 22:51

 2Data 

Table 3Associated

 3Associated 

values of v , obtained from the measured fringe shifts.

 

ratwinkel@yahoo.es

anmichel@gmail.com, Departamento de Física, Universidad Simón Bolívar, Apartado 89000, Caracas 1080 A, Venezuela

Discussion of Results and Conclusions

The results obtained when rotating the one-way interferometer described in this paper are presented. This interferometer has the characteristic that only one of the beams traverses a block of glass.

It is important to notice that there is no relative motion between parts of the interferometer. From a Relativistic approach, no fringe shift should have been obtained. That is why pre-relativistic concepts are used successfully in order to predict the fringe shift: Lorentz Contraction and Fresnel's Drag. This result suggests the existence of an absolute preferred reference frame, contrary to the generally accepted belief that there is no such frame.

It is also important to say that Fresnel's drag and Lorentz Contraction have traditionally been used to explain why null results were obtained. We here use the same formulas to predict the measured fringe shift .

Fresnel's Drag and Lorentz Contraction can only be used if there is a non zero velocity with which the block of glass moves. As all apparatus is at rest in the laboratory's reference frame, the fact that the measured fringe shift coincides with the theoretical prediction that uses a velocity v , is strong evidence that motion with respect to an absolute preferred inertial frame exists.