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Abstract: A consistent procedure for mapping the GPS system from the earth’s frame to the solar barycentric frame is developed.  The process is first analyzed in reverse, i.e. by a general mapping from the solar frame to the earth centered inertial (ECI) frame.  In the process of developing the correct mapping several peripheral issues are addressed.  These include: 1) an analysis of the Sagnac Effect, which is generally incorrectly ascribed to a rotational effect; and, 2) an analysis of Thomas Precession, which is generally incorrectly ascribed to infinitesimal Lorentz Transformations.  The true transformation between the solar frame and the ECI frame is shown to be a combination of a Selleri Transformation and clock bias effects due to velocity and gravitational potentials which combine to form an apparent Lorentz Transformation (ALT).  The longitudinal length contraction effects embedded within the Selleri Transformation are shown to be the result of the conservation of momentum.
There are several significant differences between the ALT and the Lorentz Transformation (LT).  First, sequential non-collinear ALTs do not induce rotational effects like sequential non-collinear LTs.  Second, there is a natural change of scale in the ALT but not in the LT.  In addition, momentum and energy are conserved in the ALT but not in the LT.  The reverse ALT is derived and it differs from the reverse LT in that the original scaling is recovered by the reverse ALT but compounded by the reverse LT.  Finally, it is shown that the use of space based VLBI may provide a means to verify the derived ALT mapping procedure by revealing the longitudinal orbital contraction which is obscured in visual and electromagnetic experiments but revealed in precise VLBI angular measurements.
Résumé: Une procédure permettant de transformer le système GPS exprimé dans le référentiel terrestre vers le référentiel barycentrique du système solaire est présentée. Cette procédure est tout d’abord analysée en sens inverse, soit via la transformation depuis le système solaire vers le système inertiel (Earth Centred Inertial). Afin d’élaborer une transformation qui soit juste, plusieurs problèmes annexes sont traités. Parmi ces derniers, se trouvent : 1) l’analyse de l’effet de Sagnac, qui est souvent associé, à tort, à un effet de rotation, et 2) l’analyse de la précession de Thomas, qui est en général faussement attribuée aux transformations infinitésimales de Lorentz. En fait, la véritable transformation entre le système solaire et le système inertiel est constituée d’une transformation de Selleri et des effets dus au biais d’horloge, ces derniers étant produits par la vitesse et le potentiel de gravitation qui, combinés, forment une transformation apparente de Lorentz (ALT). Les effets de contraction de la distance longitudinale lors de la transformation de Selleri sont présentés comme un résultat de la loi de conservation du moment cinétique.

Il existe plusieurs différences significatives entre les transformations ALT et celles de Lorentz (LT). Tout d’abord, contrairement aux transformations LT séquentielles non colinéaires, les transformations ALT séquentielles non colinéaires n’introduisent pas d’effet de rotation. Ensuite, une ALT provoque un changement naturel d’échelle, mais pas une LT. De plus, le moment cinétique et l’énergie sont conservés lors d’une ALT, mais ne le sont pas lors d’une LT. L’ALT inverse est dérivée et se différencie de l’LT inverse par le fait qu’elle retrouve le facteur d’échelle original, contrairement à la LT qui le détériore. Enfin, il est montré que l’utilisation de mesures spatiales d’interférométrie à très longue base (VLBI) peut permettre de vérifier l’exactitude de l’ALT estimée en faisant apparaitre la contraction orbitale longitudinale, cette dernière étant inobservable via des mesures visuelles et électromagnétiques, mais observable à l’aide de mesures angulaires VLBI précises.
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I. INTRODUCTION

Sato in a recent article1 has claimed that the GPS system implies ether drag.  In this paper an alternative is presented.  While it is true that Special Relativity Theory (SRT) and General Relativity Theory (GRT) do encounter significant problems in attempting to convert the GPS system from an earth-centered (non-rotating) inertial (ECI) frame to a consistent solar barycentric (SB) frame, the solution is not ether drag. Instead it will be shown that an absolute frame is consistent with all existing experimental data and the use of a Selleri Transformation rather than a Lorentz Transformation can be employed. In addition, a few other significant innovations are applied to the problem

The GPS code or pseudorange measurements are measurements of the signal path transit time between the satellite and the receiver.  This flight time measurement becomes a range measurement by multiplying it by the speed of light.  The code measurement is also referred to as the pseudorange measurement because the receiver clock can be a low-cost, poor quality clock and the resulting range measurement can have a large receiver clock error bias.  However, by taking at least four measurements from satellites in different directions the clock error in the receiver can be included in the solution for the position of the receiver.  Because the code measurements involve the clock reading in the satellite and the clock reading in the receiver, transforming the code measurements from the earth-centered (non-rotating) inertial (ECI) frame to the solar barycentric frame becomes a bit complex. It involves determining the factors which affect the clock rate and integrating those rates into clock readings for both the satellite and the receiver.  First the problem is worked in reverse, assuming the solar frame and exploring how it is transformed into the ECI frame.
Only kinematic effects of the transformation will be covered within this paper.  There are some very small dynamic effects which are below the general level of other somewhat random forces.  However, because these dynamic effects are both very significant and quite complex from a theoretical view point, a subsequent paper will be used to address them. 
II. ADDRESSING ROTATIONAL PHENOMENA
     In several prior papers2,3,4 the effects upon clocks located on a rotating and orbiting earth have been discussed. It is a relatively straightforward procedure to modify the velocity and gravitational potential effects upon the frequency and time of earth-bound clocks to account for the GPS rotational velocity and potential rather than the earth surface rotational velocity and potential. Of course, because the earth’s velocity vector is constantly changing due to the solar gravitational force, the changing relationship of the GPS orbital plane to the earth’s velocity vector must also be addressed. Because rotational phenomena are involved, some peripheral issues need to be considered before the clock and measurement issues can be directly addressed. 
     Significant problems arise for the Lorentz Transformation when one frame is rotating with respect to another. There are many papers which have directly addressed the relationships between one frame and another, when the first is rotating with respect to the second.  It is noteworthy that the engineers have found ways to make the transformations work—even in the presence of incorrect or inadequate explanations. There are two effects which are frequently misdiagnosed relative to the rotating frame, specifically the Sagnac Effect and the Thomas Precession.  These two effects need to be addressed directly.  They help lead the way to the correct interpretation of an apparent relativity existing within a true underlying absolute frame.
A. The Sagnac effect
     The underlying experiment by Sagnac5 was first performed almost a century ago in 1913.  The effect is routinely employed today in fiber optic gyroscopes which measures very minute changes in angular orientation.  The most complete and widely cited attempt to provide an explanation of the effect is found in an article by Post6.  But the final result of the explanation involves a rather ad hoc and arbitrary set of equations for mapping the two counter-rotating beams of light from the frame defined by the center of the rotation to the moving periphery of the rotation.  There are multiple claims in the literature attempting to use either the special relativity theory (SRT) or the general theory of relativity (GRT) to explain the effect.  The conclusion in virtually all of the explanations is that it is a rotational effect.  As far as I am aware, the earliest claim that the Sagnac Effect was not a rotational effect was by Ives7.  Ives was a pioneer in the development of television at Bell Telephone Laboratories.  The following quotations are from his 1938 article.

     The experiment was interpreted by its author as positive evidence for the existence of the luminiferous ether… It has previously been dismissed by proponents of the theory of relativity as involving motion of rotation, and as such, along with the gyroscope, capable of explanation only by reference to the influence of all matter in the universe, i.e. by attaching the pattern of radiant energy to a framework which is not called the ether.
     It is the purpose of this paper first to show that the Sagnac experiment in its essentials involves no consideration of rotation, and second to investigate the results obtained when transported clocks are used.

     Ives analyzed the Sagnac experiment using a hexagonal path rather than a circular one.

He concluded with this statement:

The net result of this study appears to be to leave the argument of Sagnac as to the significance of his experiment as strong as it ever was.
     The claim that the Sagnac effect is a rotational effect has persisted over the years.  Indeed the “GPS Bible8”claims that the “one-way Sagnac effect” is a rotational effect. However, recently Ives’ conclusion that it is not a rotational effect has been dramatically confirmed by experiments conducted by Wang et al.9 The standard equation given for the Sagnac effect in terms of the time difference taken for light to traverse the closed path in opposite directions is:
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In this equation A is the area of the enclosed path (projected onto the plane of rotation) and  is the angular rotation rate.  This equation was developed for the rotating disk.  But substituting into this the equation for the area, the equation for the length of the circumference and for the velocity of the circumference, the equation can also be expressed as:
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     By constructing fiber optic conveyors (FOC), one of which enclosed zero area and a second in which the light beams traversed two equal areas in opposite directions, Wang et al. showed that equation (2) was the true equation which applied rather than the equation involving the area; i.e. they showed that it was a linear effect of the light velocity relative to the detector rather than a rotational effect.  
     In other words, the Sagnac effect is the direct result of an unequal relative speed of light in the counter-propagating beams.
     In reference [8] the equation for the GPS “one-way Sagnac effect” is given as:
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In this equation rA is the vector from the center of the earth to the GPS satellite and rB is the vector path which the light follows from the satellite to the receiver. Half of the cross product of rA and rB is the area of the triangle swept out as the light path moves from satellite to receiver. The dot product projects that triangular area onto the equatorial plane, i.e. to the plane of the earth’s rotation.  Thus equation (3) corresponds precisely to equation (1) except, since it is for a one-way path, it is only half as big. But if equation (3) is converted into the form of the true equation, i.e. equation (2), the result is:
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In this equation v is the earth’s spin velocity at the GPS receiver location and l is the length of the GPS signal path projected onto the equatorial plane. 
     But an even more enlightening form of the equation is obtained when the signal path, l, is represented in terms of the forward-velocity component of the positions of the satellite and receiver.
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In this equation xr is the receiver position in the forward-velocity direction at the time of reception and xs is the position of the satellite in the forward-velocity direction at time of transmission. The difference of those two forward velocity components is the length, l.
     There is an important lesson to be learned from the form of equation (5).  Specifically, we could remove the Sagnac effect (making the non-isotropic speed of light to appear to be isotropic with the value of c) by inserting a clock bias at the satellite and receiver clocks which cancels out the terms in equation (5).  The necessary clock bias for each clock needed to remove the Sagnac effect is a function of the position in the direction of the velocity vector and is given by:
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     Equation (6) is the common functional form of clock bias that arises naturally in many situations. Note that Einstein synchronization by assuming that the one-way speed of light is equal to the two-way speed of light automatically applies a clock bias equal to that of equation (6). However, because the Sagnac effect is induced by a spin velocity which has a different direction at each receiver, it is not possible to remove it from the GPS system by using a common clock bias function for all clocks.  Such is not the case for the orbital velocity of the earth and, as we shall see, the clocks on the earth are naturally biased to remove the Sagnac effect due to the orbital velocity and thereby cause the speed of light to appear to be the isotropic value of c when referred to the ECI frame.
B. Thomas Precession
     Brill10 in an insightful piece has shown that non-collinear Lorentz Transformations have a non-commutative property that renders them problematic. Thomas Precession is generally attributed to this property of non-collinear Lorentz Transformations, where in the limit they are composed of a sequence of non-collinear Infinitesimal Lorentz Transformations (ILTs).  The topic of ILTs has been dealt with at some length in a prior paper4.  However for convenience, a portion of that material is repeated here.
     First, it is noted that Muller11 in a paper entitled, “Thomas Precession: Where is the Torque?” has given an alternative explanation for the precession of the electron. Specifically, he points out that the spin of an object that is in orbit around another particle will induce an increase in the inertial mass when that spin is in addition to the orbital velocity and a decrease when it is in opposition. These inertial mass changes together with relative length contractions act to cause the center of inertial mass to be offset from the center of spin (and gravitational mass).  Thus, since the force is not acting on the center of inertial mass, a torque will be induced.  Strangely, Muller did not seem to recognize that this was an alternate explanation of the torque and proffered the explanation as the source of the missing ILT torque.
     The solution to the problem of non-collinear Lorentz Transformations and the associated Thomas Precession requires what appears to be a bit of a detour about the speed of light.  The required detour was provided in the earlier paper4, but for convenience a portion is repeated here.
C. The one-way speed of light
     First, note that the apparent two-way speed of light is not generally contested.  It has the same round-trip velocity in any inertial frame.  That the two-way velocity is constant, of course, requires the existence of physical length contraction of matter in the direction of motion. The scale of that contraction is the inverse of the classical relativistic factor:
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     In addition to the length contraction, moving clocks run slower and the scale of that slowing is also by the inverse of the same classical relativistic factor.  For completeness, as argued elsewhere3 the inertial mass of the moving matter is increased and the gravitational mass decreased. In equation form these effects are given by:
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     Since the change in length of the particle is different in the along-velocity (subscript 
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) and transverse (subscript 
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) directions, it is necessary to distinguish the change as a function of the direction.  The subscript 
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 is used to designate the value at zero velocity relative to the reference frame and the subscript 
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 when it is not necessary to distinguish between the along-velocity direction and the transverse direction.  To distinguish between inertial mass and gravitational mass, the subscripts 
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 and 
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 are used respectively.
     To measure the one-way speed of light one needs a method of synchronizing remote clocks with a local clock.  But synchronizing a remote clock requires that something be sent between them.  When light is used as the transmitting means, then its speed must be defined and the process becomes circular—thus, Einstein was free to stipulate the one-way velocity.  
     Mansouri and Sexl12 show that slow clock transport causes the same clock synchronization as Einstein’s isotropic light speed assumption.  Mansouri and Sexl refer to these methods of setting a remote clock as internal methods because no information from another inertial frame is required.

      They also showed that treating one inertial frame as absolute did not contradict any known experiment.  This allows an external method of clock synchronization in which the clock in any moving inertial frame is set by assuming the velocity of light remains at c in the absolute reference frame. External clock synchronization simply sets clocks in the moving frame assuming the velocity of light between any two clocks is the vector addition of the moving frame velocity with the isotropic light speed in the absolute reference frame.

D. An alternate transformation and clock biases as a function of position and velocity. 

     Tangherlini13 was the first to define the transformation equation from an absolute frame to a moving frame using external synchronization while retaining clock slowing and length contraction.  However, Selleri14 completed the logical development of the transformation equations by showing the inverse transformation and the behavior of sequences of these transformations.  He called these transformations Inertial Transformations.  I prefer to call them Selleri Transformations in honor of his more complete treatment.  
     In the development below, it will be assumed (temporarily) that the solar frame is the absolute frame and the ECI frame is the frame moving with respect to that absolute frame.  In addition, to avoid the double use of the same symbol and to clarify the nomenclature without an abundance of symbols, small letters are used to designate parameter values in the ECI frame and capital letters are used to designate values in the solar frame. (Since, two different velocities are considered simultaneously, an exception to the above convention is made for the velocities. A V is used for the earth’s orbital velocity in the solar frame and a VE is used for the transform of the earth’s orbital velocity in the ECI frame, while a v is used for the earth surface spin velocity in the ECI frame and vS is used for the earth surface spin velocity in the solar frame.)
     Unless otherwise indicated by a subscript, the ECI frame value will be expressed in the units of the ECI frame and the solar frame value will be expressed in units of the solar frame. Sometimes it will be useful to express a value in one frame in the units of the other frame.  In these cases, a subscript, S, is used to indicate that the units used are expressed in the solar frame units, while a subscript, E, is used to indicate that the units used are expressed in the ECI frame units. Also, because of clock biases that arise, the apparent values in the ECI frame may differ from the true values.  In such instances the measured apparent value will be indicated with a prime attached to the symbol. Again, unless otherwise indicated the apparent values in the ECI frame will be assumed to be measured in the ECI frame units.  These symbol uses will be evident in the following development. 
     As a result of the change in size of the moving units, the Selleri transformation from the absolute frame to the moving frame is given by:
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     Equation (11) indicates that the measured time in the moving frame will be smaller due to the larger units of time in the moving frame.  It also indicates that the only reason for the difference is the units of time change, i.e. the clock rate is different.  In equation (12), 
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 and 
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 are in the direction of the velocity.  
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 is the velocity measured in the absolute frame.  The y and 
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 values are identical to the 
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 and 
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 values.  Note that equations (11) through (13) are the mapping of measurement values while equations (7) through (10) are the equations for the changes in units caused by the velocity.

     In a prior paper4 it was shown that the apparent measured speed of light was identical in the two frames.  This was a combined result of the change in units and the combined effect of the Selleri Transformation (ST) with an added clock bias.  It will be shown in the development below that the same is true of the measured apparent velocities of matter in the two frames.  For now, these effects can be represented by:
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     What equation (14) tells us is that the measured value of the apparent velocity in the ECI frame is identical with the measured value in the solar frame.  However, the actual velocities differ by the square of the gamma factor.  The only reason that the measured values are identical is due to the change in units between the two frames together with the clock biases. The difference in the real values is quite significant as will become apparent. 

     Equation (12) which maps the 
[image: image31.wmf]X

 position into the moving frame 
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 position is actually identical with the same mapping given by the Lorentz Transformation (LT).  However, the LT for the time is different and is given by:
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The prime is used to distinguish between the Selleri time mapping and the Lorentz time mapping and, as developed below it is also the apparent time in the ECI frame.
     Differencing equation (11) from equation (15) gives:
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Simplifying this expression gives:
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Now substituting equation (12) into equation (17) gives”
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     Both the Einstein convention for setting remote clocks and slow clock transport automatically introduce the clock bias given in equation (18).

     In the prior document4 the development was continued to directly confirm that the non-isotropic speed of light using the ST and the clock bias of equation (18) is converted into the LT and an apparent isotropic speed of light is obtained.  Note that when the earth’s orbital speed, V, is substituted into equation (6) which was derived from the “one-way Sagnac” correction for GPS, the clock bias of equation (18) is obtained.
E. The Apparent Lorentz Transformation (ALT)
     At this point enough information is available to show why one need not consider Thomas Precession when dealing with the GPS in the solar frame.  Specifically, the LT is apparent rather than real.

     As shown in Figure 1, the Apparent Lorentz Transformation (ALT) arises from a Selleri Transformation (ST) with an added clock bias. But the ST is always with respect to the absolute frame, i.e. the length contraction and the clock slowing are always with respect to the absolute frame.  Thus when a user frame is accelerated or the direction of the velocity altered the magnitude and direction of the length contraction changes. Any change in the magnitude of the velocity also affects the magnitude of the clock rate. The changing contraction induces no rotation or Thomas Precession.  The ALT is only apparent and is what results when the appropriate clock bias is added to the ST.  The clock bias arises naturally when either Einstein synchronization or slow clock transport is used to synchronize the clocks.  The implied Thomas Precession arises only when these two effects are improperly compounded with one another.  The infinitesimal change in contraction and clock rate caused by the changing velocity induced by acceleration does not result in an (apparent) infinitesimal LT.  In the case of acceleration the ALT becomes an instantaneous (not infinitesimal) ALT between the instantaneous moving frame and the absolute frame—thus no non-collinear compounding of LTs occurs and no rotation of the moving frame is induced.
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FIG. 1 Construction of the Apparent Lorentz Transformation
     It is also noteworthy that the ALT differs from the LT in other ways as well.  The true scale change in the units is obscured in the LT.  Thus, while the LT is symmetrical to its inverse, the same is not true of the ALT.  Applying a symmetrical transformation would compound the scale changes and the length contraction. 
     In the absence of any other information any truly inertial frame, i.e. a constant velocity frame, cannot be distinguished from the absolute frame because the only methods of synchronizing clocks within the frame are the internal synchronization techniques which give rise to the clock bias and the ALT.  An external synchronization is only possisible when one knows what the velocity of the inertial frame is with respect to another frame.  Thus, we cannot know for certain what frame defines the absolute frame.  The best guess is that the absolute frame is the frame defined by an isotropic temperature of the cosmic background radiation.
III. GPS AND EARTH-BASED CLOCK BIASES INDUCED BY EARTH’S ORBITAL VELOCITY AND SOLAR GRAVITTIONAL POTENTIAL
A. Clock Biases induced by earth’s orbital velocity

     It was stated above that slow clock transport results in the same clock bias as Einstein synchronization and results in the same clock bias given in equation (18) which adjusts the true ST into an ALT.  Two situations will now be considered in which the transport is not slow but still results in the bias of equation (18). Temporarily, the solar barycentric frame is assumed to be the absolute frame. Again temporarily assume that the earth is moving in a straight line in the solar frame with a velocity, V.  Clocks on a non-rotating earth would then run at a reduced frequency relative to a clock stationary in the solar frame given by:

[image: image38.wmf]2

2

0

/

1

c

V

f

f

V

-

=

                                                 (19)

In this equation we have ignored for the time being any gravitational potential effects upon the clock. This equation for the effect of the orbital velocity of the earth is very closely approximated by:
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     Next consider the situation of any clock which has a velocity, v, relative to the center of the earth.  In this case its total velocity relative in the solar frame can be used to compute the change in frequency of the clock relative to that of a clock not moving in the solar frame. .  The change in clock frequency in this case is given by:
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Note that the subscript, S, in equation (21) indicates that the true velocity in the ECI frame is expressed in the solar frame units.  But from equation (14), it follows that the apparent value of the velocity with respect to the center of the earth in ECI frame units, 
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, is identical with the value of 
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 in the solar frame units.  This allows equation (21) to be rewritten as:
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     Consider first clocks on the earth.  In this case the velocity,
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, is the apparent spin velocity of the earth.  The first term on the right hand side of this equation is simply the common effect of the earth’s orbital velocity on all clocks on and in the vicinity of the earth.  It turns out that by selecting the rate of a clock at the spin pole of the earth (including the effect of the earth’s gravitational potential) as the standard rate of clocks on the earth causes the final term of equation (22) to be canceled.  This is due to the fact that the spin velocity of the earth gives rise to this final term, but the spin also causes the shape of the earth to deform from a sphere into a flattened ellipsoid.  Thus, the clock at the equator is farther from the center of the earth than a clock at the pole and the difference in gravitational potential induces a frequency difference which exactly counteracts the frequency difference caused by the final spin term of equation (22).  The middle term of equation (22) will be dealt with after the GPS clocks are addressed.
     Next consider the clocks in the GPS satellites.  In this case the velocity,
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, represents the apparent orbital velocity of the GPS satellites around the earth.  Again equation (22) represents the clock offset of the GPS satellites compared to a stationary clock in the solar frame.  This frequency offset is caused by the composite velocity of the satellites in orbit around the earth together with the orbital velocity of the earth.  As was the case for the earth-based clocks the first term on the right hand side of equation (22) is simply the common clock offset term of all clocks moving with the orbital velocity of the earth.  The final term of equation (22) is due to the satellites orbital velocity around the earth. But, the GPS satellites in orbit have their clocks adjusted before launch to counteract this final term of equation (22).  In addition, the GPS clocks are adjusted before launch to counteract the effect of the increase in the earth’s gravitational potential relative to the potential of the earth-based clocks.

     At this point the effect of the middle term of equation (22) can be addressed for both the GPS clocks and the earth-based clocks.  The middle term remains and creates a clock bias as a function of its position in the direction of the earth’s orbital velocity.  Specifically, a clock correction is obtained given by:
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In this equation, the component of the velocity,
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, in the direction of the earth’s orbital velocity, e.g. the dot product component, has been put into its differential form and integrated. Note that the true value of x is the same as the apparent value of x; thus, the proper value of x is obtained for any value of the integration time. The result is a clock bias term identical in form to equation (18).  Note that equation (23) applies to all GPS satellite orbital planes and to earth-based clocks as well.
     From the above it is clear that the integral of the velocity effects upon the GPS and earth based clocks is precisely that needed per equation (18) to convert the ST from the solar frame to the ECI frame into an ALT equivalent mapping.  It remains to show that the changing direction and magnitude of the earth’s orbital velocity is covered by equation (23) and that the length contraction required in the ST is real.

B. Adjustment of clock biases due to solar gravitational effects

     In the above analysis the earth’s gravitational effects upon the clock were partially addressed.  As indicated the satellite clocks are adjusted before launch to account for the difference in the earth’s gravitational potential at the earth surface and at the GPS satellite altitude for a circular orbit.  The variation of the GPS clock rate due to the eccentricity of the GPS satellite orbit arises from two separate effects. The eccentricity of the orbit causes the satellite to move up and down in the earth’s gravitational potential. This orbital height variation causes the satellite clocks to vary in their frequency, fastest at apogee and slowest at perigee.  In addition the eccentricity of the orbit causes the satellite velocity to vary, slowest at apogee and fastest at perigee, which also causes the satellite clocks to vary in frequency. These two satellite clock frequency variations, induced by the eccentricity of the orbit, are precisely equal and are mathematically removed within the GPS receiver software.
The solar gravitational effects are a bit more controversial.  General Relativity experts16 claim that the equivalence principle requires the gravitational potential of the sun to be cancelled because the earth is in free-fall relative to the sun.  The claim is that only non-linear terms (tidal effects) in the sun’s gravitational potential remain and affect the earth-based and satellite clocks.  A prior paper4 was specifically written to contest the equivalence principle validity in canceling out linear terms in the solar gravitational potential and the associated effect upon the clocks.  
     In fact, the solar gravitational potential does retain a linear term which plays a very significant role in the clock bias discussion.  It is the gradient (change with distance from the sun) of the solar gravitational potential which gives rise to the gravitational force of the sun and causes the orbital direction (and to the extent its orbit is eccentric—its velocity) to change. However, the analysis above used a constant velocity, V, of the earth’s orbit and the associated clock bias was for that specific direction and magnitude in space.  But, the linear component of the gradient of the solar potential which gives rise to the gravitational force causes clocks at different solar distances to run at different rates.  The integral of this rate difference has been shown in a prior paper2 to cause the direction of the clock bias, e.g. the direction defined as x in the clock bias equation (23), to change precisely as the orbital velocity direction changes.  It was not shown but follows quite simply that the effect of the eccentricity of the earth’s orbit upon the changing magnitude of the orbital velocity is also accounted for by the gradient of the solar gravitational potential and is reflected in the magnitude of V in the bias equation (23).
C. The irony of the equivalence principle
     There is a very great irony regarding the equivalence principle. The equivalence principle is called upon16 as an explanation of why clocks upon the earth are apparently unaffected by the solar gravitational potential.  In addition, the principle is used to claim17 that accelerated clocks will diverge in clock rate just enough to cause the measured speed of light on an accelerated object to be the isotropic value of c relative to that object.   The irony is that it is precisely because the equivalence principle is wrong that clocks on the earth (and GPS clocks) appear to be independent of the sun’s gravitational potential; i.e. that a clock bias is present which causes the apparent speed of light to be the isotropic value of c on and near the earth.  The equivalence principle claims that the effects of gravity and acceleration are equivalent.  However, the true physics is that when acceleration is caused by gravity the effect of that gravitational acceleration is precisely such as to cause the speed of light to appear as isotropic by creating the appropriate clock bias.  In other words, it is the non-equivalence of the gravitational acceleration which actually causes the phenomena which the equivalence principle was called upon to explain.
IV. CONSERVATION OF MOMENTUM AND ENERGY
     In the following sections a very important assumption is made.  But that assumption has very strong experimental data to support it. From 1900 to 1914 multiple individuals attempted to measure the inertial mass increase of an accelerated electron.  Prominent among the first were Walter Kaufmann and Alfred Bucherer.  They clearly measured an increase in the inertial mass as the speed of an electron (beta rays) was increased. The mass increase was directly proportional to the velocity scale factor as given in equation (7).  Subsequently in the mid 20th century, accelerators which imparted high velocities to ionized atoms showed a mass increase with velocity that had to be accounted for in their design.  It is the assumption in the following development that any and all material objects see the same ratio of inertial mass increase with velocity as was observed for the electron.

A. The GPS Satellite Orbit as a Mechanical Clock

     An interesting mechanical clock can be formed in the following manner.  At the vernal equinox launch a GPS satellite into a precisely circular orbit with an approximate 23.5 degree inclination to the equator, such that the plane of the satellite orbit coincides with the earth’s orbital plane.  Now, viewing the satellite from its southern axis of rotation, the GPS satellite will appear to rotate clockwise, and if equal angle increments are marked off on the orbit, they would correspond to precise apparent time intervals in the ECI frame.
     However, the equal time intervals in the ECI frame would not correspond to equal time intervals in the solar frame.  Why?  Just as the satellite velocity added and subtracted from the earth’s orbital velocity to cause a cyclic variation in the atomic clocks within the GPS satellites per equation (23), that same velocity composition causes the inertial mass of the satellite to vary, i.e. the composite velocity plugged into equation (7) changes the scale factor by which the inertial mass is increased; and by the conservation of momentum the speed of the satellite in its orbit will vary.  Furthermore, just as the clock frequency integrated into a clock bias, so also the velocity of the satellite will integrate into an angular position bias.  That angular position bias precisely corresponds to the clock bias so that our mechanical clock agrees with the atomic clock timing in the solar frame just as it does in the ECI frame.

B. GPS Orbital flattening
     As argued above, to the extent that the GPS satellite velocity is aligned with the earth’s orbital velocity a small increase in the inertial mass results from the increased velocity plugged into the velocity scale factor of equation (7).  The conservation of momentum then requires a small decrease in the magnitude of the velocity.  Since the earth’s velocity remains unchanged (the small velocity change effect from the eccentricity of the earth’s orbit would affect the GPS orbit as well), the forward moving GPS satellite will move a smaller distance relative to the earth; and the GPS orbital radius will be contracted in the forward direction. To the extent the GPS satellite velocity opposes the earth’s orbital velocity, the inertial mass of the satellite will decrease from the decreased velocity plugged into the velocity scale factor of equation (7) and conservation of momentum will cause it to move faster. But this means that the GPS velocity relative to the center of the earth is increased and the earth will have moved a shorter distance. Thus the aft component of the GPS orbital radius will also be contracted.  This means that the conservation of momentum which causes an angular variation in the position of the satellite also causes the length contraction required by the ST.  The conclusion is that the conservation of momentum requires the contraction of the GPS satellite orbits in the direction of the orbital velocity of the earth.  Together with the clock slowing the requirements of the ST are met. With the addition of the clock biases developed above the ST is converted into an instantaneous ALT.
     The contraction of the GPS orbits is not a large problem in magnitude since it only amounts to 13 centimeters (5 inches) at the GPS orbital radius and only 3 centimeters (just over one inch) at the surface of the earth. The contraction is small and in effect swamped by the uncertainty in position caused by other forces such as solar radiation pressure. But the contraction is large in its theoretical importance. In addition, a new problem is introduced by the angular position bias and by the contraction.  The conservation of energy must be preserved in addition to the conservation of momentum. Therefore, some small systematic force variation must be present.  The mathematical details of the conservation of momentum will be shown in a subsequent paper.  In addition, it will be shown therein that a gravitomagnetic (kinetic) force between moving masses is available which precisely provides the required forces to match the momentum changes.
C. Conservation of momentum and energy between the solar and ECI frames
     From the mechanical clock analogy above, it is easy to see that the conservation of momentum in the solar frame translates into a conservation of momentum in the ECI frame and vice versa.  The conservation of momentum shows that true velocities actually add in the normal vector fashion.  The conservation of momentum in the solar frame causes the forward and reverse velocities with respect to the earth to decrease and increase in the same ratio as the true speed of light relative to the moving frame.  Thus, the clock bias developed in equation (18) not only causes the speed of light to appear as isotropic and with a value of c, but it also causes the velocity of matter (given the same impulse fore and aft) to appear to be isotropic and at the same ratio to the speed of light as its ratio was in the absolute frame. Note, however, the necessity of mapping the apparent velocity into the true velocity, i.e. adjusting for the time bias, before adding or differencing the velocities in the ECI frame to the velocities in the solar frame.  The net effect is simply a resetting of the momentum to make it relative to the moving frame.  An example of this scaling was worked in detail for the speed of light in a prior paper4.
     The conservation of energy is a bit more involved. Within SRT it is claimed that a particular combination of energy and momentum is an invariant within the LT.  Specifically, it is claimed that the rest mass energy squared is equal to the total energy squared minus the product of the momentum squared times the speed of light squared; i.e.
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In this equation m0 is the rest mass in the reference frame and mi is the increased inertial mass which results in the reference frame due to the movement per equation (10) above. Equation (24) is equivalent to claiming that the rest mass energy is conserved between the two frames and the rest mass energy is specifically said to be invariant in many textbooks on SRT.  Solving the equation for the total energy squared gives:
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Dividing this equation by the energy, E, gives:
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In this equation the gravitational or structural mass is defined by equation (10) above.

     Equation (26) was developed from fundamental experimental data in a prior paper3. It indicates that the gravitational mass or structural mass in a moving frame is decreased and that there is a hidden component of the kinetic energy which counteracts that decreased structural mass. At low velocities that hidden component causes the real kinetic energy to be double the amount classically assigned to it.

     While equation (24) represents a true relationship between the total energy, the momentum and the rest mass energy, it is clearly illogical that the conserved property be the rest mass energy.  For the conservation of energy, the total energy in the moving frame (ECI) should be equal to the total energy in the reference (solar) frame minus the kinetic energy in the reference frame; since the kinetic energy is ignored in the moving frame.  From equation (26) the total energy minus the kinetic energy in the solar frame is given by:
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In this equation the relationships between the masses given in equation (10) has been used. What equation (27) indicates is that, similar to the LT which ignores the differences between the reference frame units and moving frames units, holding equation (24) invariant, rather than equation (27), ignores the scaling of the rest mass.  In a moving frame the conservation of energy is conserved by decreasing the apparent rest mass by the inverse of velocity scale factor such that its value is equal to that of the reduced gravitational mass.  This also restores the apparent equivalence between the inertial and gravitational mass in the local moving frame.
V. THE INVERSE APPARENT LORENTZ TRANSFORMATION (ALT)
     The result of the above analysis shows that the velocity of the satellites and earth clocks in the solar barycentric frame results in clock biases that convert the physical Selleri Transformation (ST) from the solar frame to the ECI frame into an apparent Lorentz Transformation (ALT).  But what is desired is the transformation in the opposite direction.  However, while the true LT involves a simple inverse, the reverse of the ALT is not so simple. Clearly, assuming the earth is the reference frame and the sun the moving frame would create problems. A length contraction of a length contraction would result from the normal inverse LT.  Furthermore, the differences in the true units, which are obvious in the ALT, are obscured in the LT.  Thus, applying the inverse LT would not result in the correct units for the solar frame.   What is needed to form the inverse ALT is for the ALT to be decomposed into its separate components and the reverse of each component sequentially preformed in the opposite order.

     The first step in the reverse process is clearly to remove the clock bias effects. This is simply obtained by removing the clock bias of equation (23).
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Solving this equation for T gives:
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Equation (29) shows that removing the clock bias and then solving for the time in the solar frame results in the standard inverse ST.  To obtain the X component of the position in the solar frame it is simply necessary to solve equation (12) for X.  Thus, the inverse ST for the along track component of position is given by:

[image: image54.wmf]g

g

g

g

/

)

(

/

)

(

/

2

t

V

x

Vt

x

VT

x

X

E

+

=

+

=

+

=

                              (30)
     Equation (13) was used to map the orbital velocity of the earth in solar frame units into the same velocity in ECI frame units.  Equation (30) tells us that to recover the along velocity distance in the solar frame, the velocity of the earth in the velocity units of the ECI frame needs to be multiplied by the true time in the earth’s frame and added to the x component in the earth’s frame. The resulting sum then needs to be divided by gamma to adjust for the contracted length of x in the earth’s frame. (The contraction which caused the earth distance units to be smaller causes the measured value in the earth’s frame to be larger.)  Equation (30) is the standard inverse ST mapping of the position in the along track direction.  It differs from the standard inverse LT mapping by the square of the velocity scale factor.  This difference is consistent with the hidden scale change in the standard LT and its inverse.
     No mapping of the y and z components is needed since the values of Y and Z are identical in the two frames after accounting for the origin offset.
     Applying the inverse ALT to the GPS system is the direct application of equation (29) and (30) to the GPS.  Equation (29) is used to adjust the GPS and satellite clock times and then to multiply by the speed of light to get the revised pseudorange measurement in the solar system.  Applying the time correction does require the knowledge of the instantaneous orbital velocity of the earth and the satellites component of position in the direction of that velocity.  Equation (30) is used in the computation of the position of the user receiver within the solar frame. Specifically the component of the satellite and receiver position in the along velocity direction needs to be adjusted for the velocity and contraction effects. In addition the origin offset in the X, Y and Z directions needs to be computed.  Note that the changing direction of the velocity vector and the offset of coordinate origin are necessary, but straight forward.  In actuality, the contraction effects are small with a maximum error in the range measurement of less than 10 cm.  The clock correction is the primary correction required.
VI. OTHER IMPLICATIONS
     The above developments have implications outside the direct application of mapping the GPS system from the ECI frame to the solar frame.  Three specific phenomena are considered briefly below.  These phenomena are: 1) the scaling of the speed of light between frames which was derived above; 2) the contraction of length in the ECI frame in the direction of the earth’s orbital velocity; and, 3) the extension of the results to the galactic frame or cosmic background radiation frame.
A. Scaling of the speed of light between frames
     The scaling of the speed of light arises from three distinct phenomena.  First the clock rate due to velocity (and potential) directly affects the measured speed of light in the two frames. This scaling affects the measured speed of light in all directions.  The other two phenomena affect the speed of light but in different directions.  The length contraction affects the measured speed of light in the direction of the earth’s orbital velocity by exactly the same scale factor as the clock rate.  Transverse to the orbital velocity the speed of light is affected also by exactly the same factor as the clock rate; but the effect is due to the diagonal path which a transverse beam of light in the ECI frame follows in the solar frame.  It is clear from resolutions of the International Astronomical Union18, 19 that the effect of velocity and gravitational potential is accounted for in transforming clock time between the ECI frame and the solar frame.  However, it appears that the effect of length contraction and the diagonal path of light within the ECI frame are not accounted for within the solar frame.  Thus, it appears that the speed of light used within the solar frame will be scaled too large by about 5 times 10-9.  It is not obvious that this scaling error in the speed of light within the solar frame will create any significant problems.  In orbital measurements the error will probably alias into other parameters such as gravitational mass and potential.
B. Length contraction in the solar barycentric frame
     However, the length contraction effect, as derived above, is apt to create some problems at about the current level of measurement ability.  Specifically, very long baseline interferometry (VLBI) could see small systematic angular errors as a function of the along velocity contraction of the earth’s radius.  On the other hand, it is not obvious that these length contraction effects would not simply alias into a very small increase in the apparent solar tidal effect upon the earth.  However, VLBI measurements are being extended into space using a receiver in an earth satellite as one of the receivers.  This space very long baseline interferometry (SVLBI) would clearly allow a finer angular resolution but also be subject to the orbital contraction effect which would show up as small angular measurement errors as a function of the orbital position of the satellite receiver.  Proposals to put a VLBI receiver on the moon have been made.  This would dramatically increase the angular resolution but also clearly amplify the length contraction itself.  In fact, such a moon based SVLBI receiver would undoubtedly be one of the best techniques available for measuring the length contraction effect, since it is invisible to direct detection by electromagnetic means.
C. Extending the results to other frames
     As indicated in an earlier paper2, there is a natural synergism between the effect of the gradient of the gravitational potential upon mass acceleration and the effect of the linear component of the gradient of gravitational potential upon clocks in the vicinity of that mass. Specifically, the clock bias in the along velocity direction, which causes the speed of light to appear isotropic in the vicinity of that moving mass, will automatically adjust (due to the  gradient of gravitational potential) precisely such that it will remain in the along velocity direction even as that direction changes (due to the gradient of gravitational potential).   This has several implications.  First it means that the moon’s gravitational effect upon the ECI frame is transparent in the above development.  The motion of the center of mass of the earth-moon system will be compensated for by the effect of the moon’s gravitational potential effect upon the clocks.  In addition, moving to a galactic frame would also be transparent to the above development.  Any change in the direction of the solar velocity with respect to the center of the galaxy would be compensated for by the gradient of the galaxy potential upon the clocks.  Thus an ALT remains valid with respect to a galactic inertial frame or even with respect to an isotropic cosmic background radiation frame.
VII. CONCLUSION
     In conclusion, the development above shows that a consistent mapping between the sun and the earth in the form of an Apparent Lorentz Transformation (ALT) is available.  The ALT results from a Selleri Transformation (ST) combined with naturally generated clock biases.  These clock biases or offsets result from the effect upon the clock frequency of the velocity in the solar frame of clocks on the earth and in the GPS satellites together with the clock frequency effects of the solar gravitational potential.  In addition, an inverse ALT is available which reverses the ALT mapping to provide a consistent mapping of the clocks, positions and velocities into the solar frame.  This inverse mapping clearly reverses the scaling and length contraction which must arise in the earth’s frame for conservation of momentum to hold. Clearly to map the pseudorange measurements of the GPS system within the earth’s frame to the solar frame requires the adjustment of the clock readings for both the satellite and receiver clocks by equation (29) before the clock readings are multiplied by the speed of light to give the ranges. In addition, the component of range difference between the satellite and receiver in the direction of the earth’s orbital velocity needs to be adjusted by the inverse ST as given in equation (30).
     In the process of showing that the inverse ALT provides the correct mapping of the GPS system, several peripheral issues were addressed which in their own right are significant. Specifically, it has been shown that: 1) The Sagnac effect is not due to rotation, but instead is a linear effect due to a true anisotropic light speed in a moving frame; 2) that Thomas Precession does not arise from a compounding of infinitesimal Lorentz Transformations; 3) that a true scale change occurs in a moving frame relative to the reference frame; 4) that the inverse ALT compensates for the scale change while an inverse LT would compound the scale change; 5) that the momentum is conserved across inertial frames, with the moving frame simply resetting the zero of the momentum to ignore the momentum of the frame itself; 6) that the total energy is conserved across inertial frames, with the moving frame simply resetting the zero of the energy to ignore the kinetic energy of the moving frame itself; 7) that the rest mass energy invariant equation of the LTs, leads directly to the previously derived equation showing that the gravitational and inertial mass diverge with velocity; and, 8) that the inertial and gravitational mass are reset in the moving system to an apparently common scaled rest mass.  In addition, it was argued that future SVLBI experiments should confirm the orbital radial contraction derived above from the conservation of momentum.
     It does remain to show that there are small dynamic effects which agree with the conservation of momentum induced contraction of the GPS orbital dimensions in the direction of the earth’s orbital velocity. This dynamic force consistency will be derived in a subsequent paper.  However, the final conclusion, which employed the conservation of momentum, is that the GPS system will work quite fine if the naturally induced clock biases are removed and the inverse ST is used to map the clocks and coordinates from the ECI frame to the solar frame. 
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