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    The speed of light according to special relativity has the same value 
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 with respect to any inertial frame of reference independent of whether it is associated with a distant star, the Earth or a source moving with respect to the Earth. Special relativity explains this paradox by proposing that our space is 4-dimensional pseudo-Euclidian (Minkowski space) and hence that the classical law of composition of velocities is not correct. In this work we attempt to build an alternative physical model in the framework of the model of the three-dimensional Euclidean space. We show mathematically that it is possible to derive the Fresnel formula on the basis of the classical mechanics law of composition of velocities.  In addition we demonstrate on the basis of astronomical observations of binary stars and observations of the transverse Doppler Effect that the speed of light can change within a physical frame of reference.  Also in this work we present arguments in favor of a model of an aether with properties similar to superfluid 3He.  
1. Light still remains a “dark” issue in physics.
     The speed of light according to special relativity (SR) has the same value 
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 with respect to any inertial frame of reference in Minkowski space. An attempt to build an alternative physical model in 3-dimensional Euclidean space brings us back to a classical problem: in what frame of reference does light travel with the speed
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? More than 100 years passed since the time this problem brought the so-called “crisis in physics” that was settled with the development of SR. During this time new ideas emerged and new experiments were performed among which there were some “problematic” experiments that contradicted the SR. However, it is conventional in the scientific community to consider a phenomenon as established provided it has been confirmed by several well known independent laboratories. For various reasons precisely these “problematic” experiments were not repeated in these laboratories. 
     From the model of the three-dimensional Euclidean space and independent time it follows that the speed of light in various geometric frames of reference may have any value. However, this conclusion requires a more detailed discussion when the real physical frames of reference are considered wherein experiments are conducted, specifically, those that demonstrate the invariance of the speed of light. Obviously, if propagation of light is some process in a medium (aether) then the motion of the aether itself with respect to a given frame of reference should be taken into consideration too. If propagation of light is a nonlinear process in a medium like a soliton (note that the density inside a soliton can be different than that of the surrounding medium) then the study of the affect of the aether’s moton on the speed of light becomes a  very complicated problem.  
     It has been established that light transfers energy from one physical body, the source, to another, the receiver, in discrete increments, that is, quanta. However, among physicists there is no unified point of view for the description of the material carrier of the quantum, that is, the photon.  There are three types of photon that are usually used in descriptions of the optical experiments demonstrating quantum properties of light [1]. The difference in usage of the term "photon" reflects the difference in interpretation of the results of such experiments.
     1) The C-photon is a classical wave packet, that is, spatially localized, quasi monochromatic electromagnetic radiation carrying a quantum of energy
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, where 
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  is a central frequency of the radiation spectrum. The “corpuscular” properties of the C-photon reveal themselves only at the moment of detection.
     But there are quantum optical effects: the essential quantum effects that have no classical analogues. Such effects cannot be described in the framework of the semi classical model based on Maxwell's equations
     2) The M-photon is a hypothetical elementary particle of the light field generating an impulse at the output of the photodetector. Although there is no more rigorous definition of the M-photon  in the framework of any consistent theory, the photon as a particle (with  the wave properties characteristic of the elementary particles) is used in various optical studies where an attempt is made to go beyond the framework of  the Copenhagen interpretation. Here, it is assumed that any radiation field consists of a set of almost independent M-photons with definite a priori features to be revealed after a time. 

     It is interesting that the first corpuscular models of the light field consisting of the elementary particles, each with energy 
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where 
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is the radiation frequency, were developed after A. Compton’s experiments on  X-ray scattering (1922). The observed change in the frequency of the scattered radiation was explained by the elastic collision of an electron and a particle possessing energy 
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and momentum
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. In 1929, G.H. Lewis called this particle a photon.
     3) Q-photon is an objective entity corresponding to the Fock state of the light field with 
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or a superposition of such states with nearly equal energies. This definition can be made in terms of the standard quantum theory of light. However, the statement that “light consists of photons” suggesting the definite number 
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of such constituent elements of light does not make any sense in the standard quantum theory because the field has no definite 
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 before measurement. Of course, a problem of interpreting the quantum formalism still remains. The Copenhagen interpretation, accepted by most of the physicists, forbids asking nature “idle” questions, that is, it has a pragmatic tint.  In the framework of this interpretation “A photon can be called a photon if only it is a detected photon”. Only investigating the characteristics of the pure or combined state of the field is permitted.
     There is a case where all the above mentioned types of photon appear consistent: when the light field is in the one-photon state (photon in the pure state). In this case a priori properties of the photon can be discussed.
2. Hidden Dynamics in Relativistic Kinematics
     In 1908 Walter von Ritz  suggested that the speed 
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 was the speed of light with respect to the source and the classical law of composition of velocities is valid for the case of the moving source (the so called Ritz ballistic hypothesis) [2]. Under this assumption the aberration of starlight, the results of the famous Michelson-Morley experiment, and those of most other experiments aimed at detecting the aether wind come into agreement with each other. 
     However, the experiment performed at CERN, Geneva, in 1964 was considered to be the most convincing evidence against the Ritz theory. It follows from that experiment that the velocity of the photon equals c as measured with respect to the Earth. In this experiment the speed of 6 GeV photons produced in the decay of very energetic neutral pions was measured by time-of-flight over paths up to 80 meters in length. The pions were produced by the bombardment of a beryllium target with 19.2 GeV protons having speeds (inferred from the measured speeds of charged pions produced in the same bombardment) of 0.99975
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… [3]. Within experimental error it was found that the speed of the photons emitted by the extremely rapidly moving source was equal to
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. If the observed speed is written as 
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 is the speed of the source, the experiment showed 
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     From the standpoint of SR the speed of аn emitted photon measured with respect to an inertial frame of reference associated with a source is always equal to 
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,  which agrees with the Ritz hypothesis.  On the other hand, from SR it also follows that the speed of а photon measured with respect to Earth is also equal to 
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, which agrees with  the experiment performed at CERN. SR provides an explanation of the above two statements by discarding the classical law of composition of velocities and the hypothesis of aether as a preferred reference system, and introducing a model of four-dimensional pseudo-Euclidian space.
    One of the main arguments in support of SR is the formula for the Doppler Effect. Indeed the formula for the transverse and longitudinal Doppler Effect
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     (2)   
immediately follows from relativistic kinematics if light is considered as a wave process. 
     However a different explanation can be proposed. Relativistic kinematics is not correct, and it is possible to derive the transverse Doppler Effect remaining in the framework of the model of the three-dimensional Euclidean space and the classical law of composition of velocities. But in this case we have to assume that the speed of light (photon) can change within the same real physical frames of reference (for example leaving a source with a speed 
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is a speed of the source, converges to the value 
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  near the Earth’s surface as is observed  in experiments ).  Generalizing the above it can be concluded from the fact that relativistic kinematics correctly describes the results of certain optical experiments that in the four-dimensional kinematic formalism of special relativity there are dynamics ‘hidden’ in the geometry of space. This idea was first put forward by E.L. Fainberg in 1997 [4]. Below we demonstrate it on the examples of the transverse Doppler Effect, and the astronomical observations of the binary stars motion.
3. Тhe derivation of the formula for the transverse and longitudinal Doppler Effect using the classical mechanics law of composition of velocities

Below, the equation for the transverse and longitudinal Doppler Effect is derived for the case of a photon in the pure state. In this case the properties of the photon can be discussed: its energy, momentum, mass, polarization. We assume that the classical law of composition of velocities and the law of conservation of energy and momentum are valid.
Case 1: Suppose that a source of light is at rest with respect to the Earth, and an observer is moving with a constant speed 
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relative to the Earth. In the frame of reference of the Earth, the speed of the photon emitted by the source is equal to 
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and there is no reason why it should change in the observer’s frame of reference prior to interaction of the photon and the detector. 
We will work in the frame of reference of the observer. In the observer’s frame of reference a source of light with mass M is moving with velocity 
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(Fig. 1). The energy of the source is composed of kinetic energy 
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 of the excited atoms. Denote by 
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 the internal energy of the source after the photon is emitted. In addition the source undergoes recoil due to emission: its speed gains an increment of  
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is the speed of the source after emission of the photon).  From the laws of conservation of energy and momentum for the photon and the source respectively, it follows that                
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where 
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is the mass carried away by the photon emitted with speed с  with respect to the source, 
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 is the photon energy in the observer’s frame of reference, and 
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is the photon velocity in the same frame. Note that the vector 
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is directed towards the observer.                                            
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                                                Fig. 1
From Eq. (4) we obtain for 
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     After emission of the photon, the internal energy of the atom is decreased by the amount 
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, where
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 is the natural frequency of the atom, that is
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. Taking this along with Eq. (5) into account, Eq. (3) can be expressed as follows:
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     If the mass 
[image: image47.wmf]M

of the source is much greater than that of a photon, the terms containing 
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may be ignored. In this approximation, Eq. (6) takes the form:
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     Using the relation 
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 (note that this is not a consequence of special relativity), Eq. (7) can be represented in two equivalent forms:
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 where                  
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Here 
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 is the angle between the velocity of the source and the direction from the source to the observer, i.e. the angle between vectors 
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     Consider the special case 
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.  In this case Eq. (8) implies:
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A very important result follows from Eq. (8) and Eq. (10): the energy of a photon, as an entity with mass
[image: image58.wmf]0
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, can be represented as a sum of two terms, the first being the kinetic energy of the center of mass, in which we assume all of the photon’s mass is concentrated; the second being the energy associated with the motion about the centre of mass, which is characteristic of the photon’s intrinsic degrees of freedom. Formula (10) was obtained by L.Boldyreva and N. Sotina in 1999. [5].
     It is experimentally established that the absorption of light occurs in a quanta of energy 
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, where 
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  is the detected frequency. Assume that all the energy of the photon 
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 is equal to the energy detected by a measuring device 
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 (this assumption is no different than that of conventional physics). Under this assumption, from equation (7) we obtain
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 If 
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, then the expression for the transverse Doppler effect follows from Eq. (11): 
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Using Eq. (11) and Eq. (9) we obtain the detected frequency of the photon for any value of
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Eq. (13) agrees, to within an accuracy of 
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inclusively, with that of Eq. (2) describing the Doppler Effect in special relativity.
Note also that as follows from Eq. (13), the frequency remains the same (
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) in the following two cases: 1) when the relative speed of the photon is zero (
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  and, consequently, the total energy of the photon is the same in both frames of reference.  The relativistic equation for the Doppler Effect also has two solutions when the frequency of light remains unchanging, however, in SR the second solution agrees with our solution only approximately (with an accuracy of  
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 inclusively) and does not have an obvious physical interpretation. The fact that in our consideration the second solution is the exact solution of Eq. (13), and has a simple physical interpretation is an additional argument in favor of the theory developed in this work.

Where is hidden dynamics here? In our derivation we take the energy of the absorbed photon to be
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. In agreement with conventional physics let us use the expression
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for the energy of the absorbed photon. It follows from this formula that the mass of the photon changes as its velocity converges to value 
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 in the vicinity of the detector. Then the change of the impulse near the detector is
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Here
[image: image79.wmf]k

D

r

is the impulse of external forces. In cases when the angle
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 between the velocity of the source and the direction from the source to the observer is 0 or 
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formula (15) gives 
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   (16) It can be seen from Eq.(16) in the first approximation by 
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that 
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. Therefore in the first approximation by 
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 the hidden dynamics is in the increase of the speed of a photon to the value
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 at the expense of the decrease of its mass and vise versa, the decrease of the photon’s speed to 
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occur with the increase of its mass. 
     Case 2: Now suppose that an observer is at rest with respect to the Earth, and a source is moving with constant speed [image: image88.wmf]u

relative to the observer. In this case the emitted photon has the speed с and energy 
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 in the frame of reference of the source. The speed of the photon with respect to the Earth is different from 
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when the photon is emitted but converges to the values 
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 at the vicinity of the source.  In the process of the photon’s change of speed to 
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the momentum is conserved (within a first approximation by 
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 ). In this case Eq. (13) for the Doppler Effect remains valid, however, 
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 in this equation is the photon’s frequency with respect to the Earth.

     Conclusion. In the above it was proven that the relativistic equation for the Doppler Effect can be obtained in the framework of the model of the three-dimensional Euclidean space using the classical laws of conservation of energy and momentum.
 From the law of conservation of energy it follows that 1) the energy of a photon, as an entity with mass 
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, can be represented with  two terms: the first is the kinetic energy of the center of mass; the second is the energy associated with the motion about the centre of mass; 2) In the process of  absorption of a photon  by a moving detector  the law of conservation of energy is valid: all energy of the arriving photon is absorbed by an atom. 
From the law of conservation of momentum it follows that, in the first approximation by
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, the momentum of the photon remains constant when its velocity and mass change in the vicinity of the detector. 
Note that analogous processes occur in Case 2 when a photon is emitted from a source that is moving with respect to Earth and the detector at rest. 
      Consider again the experiment performed at CERN [3]. Let us estimate the length of the path 
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on which the speed of the photon emitted by the moving source remains 
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 is the speed of the source with respect to the Earth. If we take the speed of the source
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to be approximately equal to 
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and set according to formula (1)  
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 for the experimental error then, within the accuracy of the experiment,  the velocity of the photons emitted by the moving source is 
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 on which the velocity of the photon remains 
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 (that is remains equal to 
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with respect to the source) would be 
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. This is a large distance even for daylight photons (0.25 eV energy photon has wavelength  0.
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     A question arises: are there any other proofs that hidden dynamics exists?  That is, are there any observations which can be explained by the hypothesis that the photon’s speed  changes in vacuum (without loss of energy) within the same frame of reference? The answer is yes: the astronomical observations of the motion of binary stars.
     4. Light Curve for Eclipsing Binary Stars.
     At one time (1913) astronomical observations of binary stars was the single objection to the ballistic hypothesis of Ritz. It is generally accepted that the paper of W. de Sitter [6] put an end to the Ritz idea. In his work W. de Sitter pointed out, that if one follows the  hypothesis that the speed 
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 is the speed of light with respect to  each of the stars  and the classical law of composition of velocities is valid, then light, emitted simultaneously from each star reaches the Earth at different moments. As a result an observer on Earth can observe the discrepancies with Kepler’s laws.

     De Sitter based his reasoning, however, on a hypothesis that the speed of light is unaffected during its journey to Earth. Our assumption that hidden dynamics exists allows bringing the hypothesis of Ritz into agreement with the observations of the motion of binary stars. Moveover, the  observations of binary stars can help to estimate at what distances from the stars the speeds of light emitted for each star equalizes. 
     In our analysis we use the same assumptions as SR:  speed of light equals 
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 with respect to each star and it also equals 
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 with respect to an observer on Earth. However, from our point of view the key is not in the relativistic law for velocity addition but in a a real change  of the speed of light that take place as it propagates in space, that is in existence of  ‘hidden’dynamics’ that manifests itself in the change of the light speed ( in vacuum) without energy loss. 
     Consider the case of eclipsing binary stars, a system of two stars A and B, whose plane of orbit lies in the line of sight of the observer. According to our hypothesis the speeds of photons emitted by star A are equal to c with respect to that star, and similarly the speeds of photons emitted by star B are equal to c with respect to star B (Fig.2). Denote as 
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the velocity of a star in a binary system about the common center of mass (for simplicity considers 
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 being the same for both stars). Due to the motion of the stars the speeds of photons moving in the direction of the line-of-sight of the observer should be different. After some time, however, the speeds of the two sets of photons can ‘equalize’ and have the same value c, for example, due to their passing near another celestial body.
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                                       Fig.2
Let d denote the distance at which speeds of photons equalize. Obviously, the light curve plotted by the observer located at some distance d from the binary system (call this point  M) is the same as the light curve plotted by the observer on Earth (because the photons travel further with the same speed ).
     The relationship between the current time t and the time of the photon’s arrival at the point M (for both stars A and B) is given by the following equation:
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for the photon emitted by star A, and
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for the photon emitted by star B.
Let
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 indicate the angular speed of the stars’ orbital motion about the common center of mass,
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Assume that the number of photons emitted per unit time 
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 is the same for both stars.  Let 
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be the number of photons per unit time arriving at the point M from the star A, and 
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be the number of photons per unit time arriving at the point M from the star B. In the time interval 
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photons.  The number of photons arriving at point M is therefore 
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and for star B:
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where  
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 can be found from Eq. (17) as
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and   
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We are studying the change in light intensity in the frame of point M.  Thus, we have to substitute t with 
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 in Eq. (21) and Eq. (22) respectively. According to Eq. (19) the relative density of photons arriving at point M from star A is
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According to Eq. (20) the relative density of photons arriving at point M from star B is:
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 So, the total relative density s of photons arriving at point M is as follows:
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From the viewpoint of SR, s = 2, and the graph of s versus time (Fig.3) should be constant.  In our case the graph of the function s given by Eq.(26) shows that the curve, which represents the relative photon density s=s (t/T) as measured at the point M, is a periodic function with the period T/2 (where T is the orbital period of the star system) (Fig.3). 

[image: image139]
Fig. 3.  Light curve of an eclipsing binary system
The variations
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from s = 2 depends on the distance d from the star to the point M (the point where the photons’ speeds equalize). Using data for the binary system WW Aurigae, we estimat that at a distance 
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 .  In the case of WW Aurigae 
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is small, and is probably not detectable in observations.
Thus a light curve plotted on the basis of SR is different than the curve plotted on the basis of our theory. Light curves showing uneven brightness, however, are often observed. Besides the drops in intensity due to eclipses, there are observed deviations from constant values in the regions of light curves between eclipses. Astronomers have different explanations for these variations, some of which are quite obviously contrived. This topic clearly requires further study to arrive at a credible resolution. And yet the new results of the observation of binary stars might provide new arguments in favor of the existence of hidden dynamics.
5. Light propagation through a moving medium. 
     Let us go back again to our discussion of relativistic kinematics. It is known that the Fizeau experiment is considered to be one of the most important experimental confirmations of the consistency of relativistic kinematics. 
     In 1818, A. Fresnel advanced a formula specifying the speed of light 
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in a transparent medium moving with speed 
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relative to the observer on Earth:
                           
[image: image150.wmf](

)

2

1

1

c

Uu

nn

=+-

                            (26)

where 
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 is the medium’s refractive index. Formula (26) was confirmed experimentally by A. Fizeau in 1851.

     Formula (26) is derived in SR (with an accuracy of
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) from the law of addition of velocities applied to light propagating with speed
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 with respect to a medium. Value 
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 is taken to be the same in both cases: when the medium is at rest and when the medium is moving with respect to Earth 
     Below we derive the Fresnel formula in the framework of the model of the three-dimensional Euclidean space and independent time. Thus we assume that the classical law of addition of velocities is valid. In our viewpoint A. Fizeau’s experiment, as well as the Sagnac’s interferometer prove that with an accuracy of
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 the speed of reflected light equals 
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with respect to Earth.
      Schematically the experiment as modified by A. Michelson in 1886 is as follows. The beam from the source is split by a plate. The beams pass through the tube where liquid flows with speed 
[image: image157.wmf]u

. One of the beams travels in the direction of the liquid flow, the second beam travels in the opposite direction.  Due to the difference in the speeds of the beams relative to the fixed tube walls, a path difference arises between the beams leaving the device, the path difference being changed with a change of flow speed 
[image: image158.wmf]u

. In the experiment, the interference between the beams is observed first when the liquid is motionless and then when liquid is flowing. The shift of the interference fringes allows us to determine the path difference arising due to the motion of the liquid and hence the difference in the speeds: 
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     Notice that the speed 
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in Eq. (26) does not depend on the length of path traveled by light in the transparent medium. Therefore, we may derive the formula for an element of length 
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 of the medium. 
     Let us consider the 1st case: the transparent medium is at rest with respect to the observer on the earth. We shall denote as
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the time required for light to travel the path of length 
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 in a vacuum (in the same frame, but outside the medium). The time of travel of the same path by the photon in the transparent medium will be
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where 
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is the average speed of light in the transparent medium at rest, 
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 is the total delay of light (photon) on the path of length L due to scattering from atoms (molecules) of the medium.
     Let us consider the 2nd case: the transparent medium is moving with speed 
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away from the source of light that is at rest with respect to the Earth. Then in the moving frame, in which the medium is at rest, the speed of light in a vacuum is 
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, and hence the time required for the light to travel the length 
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in vacuum  equals to 
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and, respectively, the travel time in the moving transparent medium is
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In Eq. (30) 
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 is the average speed of light in the moving frame.

     If the value of the speed of light in the medium remains 
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with respect to Earth after each refection then the delay time of light per unit length must be the same in both cases (it is determined by geometry of the atoms ( molecule) position  in the medium and the time of interaction of  the atoms with photons). Therfore
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As we will demonstrate below this agrees with A. Fizeau experiment. Indeed from Eq. (27) ( Eq. (30) we have
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Hence the speed of the light 
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 with respect to the observer in the rest frame is
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Keeping the terms to the first order of 
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 in the above equation we obtain the Fresnel formula (26), which was confirmed experimentally by A. Fizeau.
     Thus, the formula obtained in SR on the basis of the relativistic law for velocity addition (with an accuracy of  
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 inclusively), we obtained within the framework of 3-dimensional Euclidean space and the classical law of addition of velocities. In our opinion, in SR a one dimensional formula for the velocity addition was applied erroneously since the process itself is essentially three dimensional: light undergoes multiple reflections from atoms in different directions. This experiment in essence is similar to the Sagnac experiment. In both experiments the reflected beam is at an angle to the direction of the mirror motion and the value of its speed remains 
[image: image181.wmf]c

 with respect to the Earth (with an accuracy of  
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 inclusively) 
6. Dark matter and the superfluid aether 
     From the standpoint of SR the speed of light is equal to 
[image: image183.wmf]c

 as measured with respect to anу inertial frame of reference independent of whether it is associated with a distant star, the Earth or a source moving with respect to Earth. This paradox is explained in SR by proposing that our space is a pseudo-Euclidian and hence the classical law of adding velocities is not correct. 

     In the present work an attempt is made to build an alternative physical model in the framework of the model of the three-dimensional Euclidean space. We show that it is possible to derive the Fresnel formula on the basis the classical law of adding velocities. Furthermore, on the basis of astronomical observations of the motion of binary stars, and the observations of the transverse Doppler Effect we arrived at the conclusion, that the speed of light (photon) can change within physical frames of reference:  namely converges to the value 
[image: image184.wmf]c

near Earth (or other celestial bodies), as well as in a close vicinity of a source (detector). Here we can draw an analogy with the process of sound coming from vocal cords of a moving person out into the air. Here the speed of sound changes from its original value (due to the motion of the person) to its known value in the air . However this is a crude analogy, in our opinion the light wave is not a regular wave, like sound, but rather is like a soliton in superfluid.
     If the aether has mass that is it has gravitational properties it should be attracted to any other mass, thereby covering it.  In view of the above a natural “candidate” to the role of the aether is dark matter.  Dark matter is known to constitute about 85 % of the total matter in the universe, while ordinary matter makes only about 15 % (in percentage of the total mass-energy of the universe: ordinary matter is about 5%, dark matter is 27%, and dark energy is about 68%).  At the present time the nature of the dark matter is unknown. Large astronomical searches for gravitational microlensing and detailed analysis of the small irregularities in the cosmic microwave background show that most of dark matter has a non-baryonic nature (meaning it does not consist of electrons, protons and neutrons like ordinary matter). 

If dark matter is the aether, then the fact that dark matter does not interact with light or other electromagnetic radiation has a very simple explanation. Propagation of light is a process in the aether, and, therefore, light does not interact with it as it does with external matter.
     At one time a serious argument against a model of the aether that is carried with the earth was  observations of aberration of light. Let us recall that the aberration of starlight is the apparent displacement in the positions of stars caused by the yearly motion of the Earth in its orbit (the yearly aberration of light). The phenomenon was discovered in 1727 by J. Bradley observing stars through a telescope. Bradley interpreted the discovery from the point of view of Newton’s corpuscular theory of light. From the wave point of view it followed that the aether surrounding the Earth does not share the Earth’s motion.
      As is known the so-called “crisis in physics” was settled with the development of SR at the end of the 19th, beginning of 20th century. Quantum liquids and superfluid had not yet been discovered. Maybe, if physicists had been familiar with unique properties of superfluid at that time, 20th century physics would have developed in a different direction. The aether in our opinion is in many ways similar to superfluid 3He [5, 7]. The superfluid properties of the aether (zero viscosity while in motion) could explain the observed nondissipative motion of celestial bodies in space. A vortex-wave process in the medium with the properties of the superfluid of 3He has unique properties that could explain the rectilinear propagation of light, the existence of the photon’s mass, as well as the electrical and quantum properties of a photon.  Indeed the following properties are observed in the superfluid  3He: 
1) quantization of the angular momentum in vortices; 
2)  inertial properties of vortices (in the cores of vortices of superfluid 3He-B phase transitions may take place which may lead to a change in the inertial properties of the medium in the vortex compared to the inertial properties of the superfluid in the rest of the volume); 
3) solitons, named ”hedgehogs” (the Barnett effect in superfluid 3He-B leads to a possibility of generating vortices which terminate in the superfluid due to the complete transfer of the vortex angular momentum to the orbital angular momenta and spins of the particles constituting the vortex);
4) magnetization of the cores of vortices along the vortex axis (this means that the spins of 3He atoms are oriented along the vortex axis);
5) electric polarization of vortices (the vortices in superfluid 3He-B are electric dipoles).
     In the article “A Trajectory Approach to the Schrödinger Equation, Structures in the Physical Vacuum”, published in this edition of the NPA proceedings and in work [8] it is shown that the Schrödinger equation can be derived from the theory of stability of motion. From the standpoint of the model of the superfluid aether the motion of an electron in an atom creates structures in the aether which bring about forces that serve to stabilize the electron’s motion along its orbits.  If we consider these structures as quasi-particles of the superfluid physical vacuum that have spin, then the natural frequencies of the atom are the frequencies of the precession of the quasi-particle’s spin. (Note that in superfluid 3He structures like the homogeneous precessing domain are observed, where all spins of the fluid particles precess with the same frequency and phase). 
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