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A complete set of Equivalent Space-Time Theories based on a 
group of “equivalent” transformations has been studied by 
Selleri. This “equivalent” set of space-time theories includes 
Special Relativity Theory involving the Lorentz 
transformations and a semi-classical Absolute Space Theory 
based on the generalized Galilean or inertial transformations. 
In order to separate these theories, the light speed predictions 
of the complete set are compared with the relative light speed 
for light emanating from Io a satellite of Jupiter determined by 
direct calculation in the space-time framework of these 
theories. 
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1. Introduction 
The accepted theory of space and time is the Special Relativity 
Theory for which the equivalence of all inertial frames and light 
speed invariance are foundation postulates [1-4]. Despite this 
acceptance, there has been continuing interest in a semi-classical ether 
theory involving a preferred or absolute frame where light speed 
varies with movement relative to the preferred frame. Thus for 
example Gagnon et. al. [5] studied this semi-classical Absolute Space 
Theory in which light propagates isotropically in a preferred reference 
frame. These authors referred to this absolute space model as the 
Generalized Galilean Transformation since it involves the classical 
Galilean transformations adjusted to take into account the real effects 
of the Fitzgerald-Larmor-Lorentz (FLL) contractions first 
experimentally confirmed by Ives [6-8].  

In these FLL contractions, a rod of length lo in a preferred frame 
when moving with speed v relative to that preferred frame, is 
shortened to a length l given by  

 ( ) 21221 cvll o −=  (1.1) 

and a system of frequency fo when stationary in the preferred frame, 
has a reduced frequency f given by 

 ( ) 21221 cvff o −=  (1.2) 

both changes resulting in 
 ( ) ooooo ttzzyyvtxx 1,,, −===−= γγ  (1.3) 

Here oooo tzyx ,,, are the coordinates of space and time in the 
preferred reference frame, tzyx ,,, are the coordinates in a reference 
frame moving at speed v relative to the preferred frame, c is the speed 
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of light in the preferred reference frame and γ is the FLL contraction 
factor given by 

 ( ) 21221 −
−= cvγ  (1.4) 

This Absolute Space Theory (AST) has been extensively 
investigated by other researchers [9-12] who have highlighted the 
close agreement between such a theory and Special Relativity Theory 
(SRT) for nearly all predicted effects. Selleri in particular [9, 13] has 
shown that the SRT and AST are members of a complete set of 
theories that differ only according to the clock-synchronization 
convention employed. This set is based on equivalent transformations 
that incorporate the experimental facts of the constancy of the two-
way speed of light and clock retardation. Selleri [13] has shown that 
the entire set of theories makes the same predictions for several 
phenomena and used acceleration in an attempt to argue that the AST 
gives the best description of the physical world.  

In order to more convincingly separate the theories, we note that 
the theories in the set make different light speed predictions. We 
therefore compare these different light speed predictions for light 
from Io a satellite of Jupiter detected on Earth with the light speed 
determined by direct calculation in the space-time framework of these 
theories.   

2. “Equivalent” Theories of Space and Time 
[13] 
Consider an inertial system oS with space and time coordinates 

oooo tzyx ,,,  in which the speed of light is c, and another inertial 
system S having space and time coordinates tzyx ,,, which is moving 
at speed v relative to oS  along the x-axis. The two systems are 
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coincident at 0== tto . Selleri [13] has shown that the complete set of 
transformation laws from oS to S is of the form, 

 ( )oo vtxfx −= 1  (2.1a) 

 oygy 2=  (2.1b) 

 ozgz 2=  (2.1c) 

 oo texet 41 +=  (2.1d) 

where the factors 4121 ,,, eegf can depend on the velocity v of S 
measured in oS . The constancy of the two-way velocity of light [14, 
15] and experimentally established clock retardation [16] reduce the 
generality of transformations (2.1) by requiring 

 
21

1
1
β−

=f  (2.2a) 

 12 =g  (2.2b) 

 2
14 1 β−=+ vee  (2.2c) 

where cv /=β . As a result, transformations (2.1) become 

 
2
0

1 β−

−
=

vtxx o  (2.3a) 

 oyy =  (2.3b) 

 ozz =  (2.3c) 

 ( )ooo vtxett −+−= 1
21 β  (2.3d) 
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where 1e  is now the only unknown factor. The one-way velocity of 
light ( )ScR relative to S in the direction of v that satisfies these 
conditions is given by [13] 

 ( )
2

1 11 ββ −++
=

ce
cScR  (2.4) 

The transformations (2.3) represent the complete set of “equivalent” 
theories. Different theories in the set are obtained by selecting 
different values of 1e  which constitute different clock-
synchronization conventions. The Lorentz transformation and SRT 
result as a particular case when 

 2
1 1/ ββ −−= ce  (2.5) 

and the Generalized Galilean or Inertial transformation and AST 
result from 
 01 =e  (2.6) 

In order to determine the remaining unknown factor 1e , we directly 
evaluate light speed relative to S and compare the result with that 
predicted in (2.4) by each theory of the set. 

3. Light Speed Calculation using Jupiter’s 
Occulting Satellite Io  
Following Selleri [13], let Jupiter’s satellite Io be in a state of motion 
along the x axis of an inertial frame oS . The Earth moves with 
constant speed v relative to oS  and constitutes another inertial frame S. 
At the time oT  measured in oS , Io emits a light signal (occultation) 
when it is at the point oIx  as determined in oS . At this instant let the 



 Apeiron, Vol. 16, No. 3, July 2009 413 

© 2009 C. Roy Keys Inc. — http://redshift.vif.com 

position of the Earth as measured in oS  be ( )ooE Tx . Its equation of 
motion in oS  yields 

 ( ) oooE vTTx =  (3.1) 

Therefore the distance od in oS between Io and the Earth at the instant 
the light is emitted is given by 
 ( ) oIooIooEo xvTxTxd −=−=  (3.2) 

Let ( )ooE Tx′ be the Earth’s position in S corresponding to ( )ooE Tx in 

oS  and let oIx′ be Io’s position in S corresponding to oIx . Then using 
the transformation (2.1a), 
 ( ) ( )( )oooEooE vTTxfTx −=′ 1  (3.3) 

 ( )ooIoI vTxfx −=′ 1  (3.4) 

where  

 
21

1
1
β−

=f  (2.2a) 

Therefore, noting from (3.3) and (3.4) that ( )ooE Tx′ and oIx′ are fixed 
coordinates in S that are independent of the time as measured in S , the 
distance od ′ in S between Io and the Earth at the instant the light is 
emitted is given by 

 ( ) ( )( ) ( )( )oIooEoIooEoIooEo xTxxTxfxTxd −
−

=−=′−′=′
21

1
1
β

(3.5) 

From (3.2), equation (3.5) becomes 

 
21 β−

=′ o
o

dd  (3.6) 
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which can be written as  

 ( )oIoo xvTd −
−

=′
21

1
β

 (3.7) 

In the right hand side of (3.7), all of oIo xTcv ,,, are measured in oS . 
Therefore as Selleri [13] has observed for many phenomena including 
length of rods moving with respect to oS , the distance od ′ in (3.7) 
observed on the Earth is exactly the same for all equivalent theories 
independently of the factor 1e .  

The time rt in oS  when the signal reaches the Earth is given by 
[13] 

 
vc
xcTt oIo

r −
−

=  (3.8) 

From (3.8), the elapsed time tΔ measured in oS  is given by  

 
vc
xvTTtt oIo

or −
−

=−=Δ  (3.9) 

Using (3.1) and (2.1d), the time oT ′ in S (i.e. on Earth) at which Io 
emits the signal is given by 
 ( ) ( ) ooooEo TeveTeTxeT 4141 +=+=′  (3.10) 

But 

 2
41 1 β−=+ eve  (2.2c) 

Therefore 

 oo TT 21 β−=′  (3.11) 

The time rt′  indicated by the clock on Earth when the signal is 
received is given by 
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 rrEr texet 41 +=′  (3.12) 

where rEx is the Earth’s position recorded in oS at the time of 
reception of the signal. Based on the equation of motion of the Earth, 
this position is given by 
 rrE vtx =  (3.13) 
This gives  

 ( ) rrr ttevet 2
41 1 β−=+=′  (3.14) 

Using (3.8), the elapsed time t′Δ measured in S is given by  

 ( ) tTtTtt oror Δ−=−−=′−′=′Δ 22 11 ββ  (3.15) 

Substituting for tΔ using (3.9) gives 

 ( )
vc
xvTt oIo

−
−

−=′Δ 21 β  (3.16) 

In the right hand side of (3.16), all of oIo xTcv ,,, are measured in oS . 
Hence as occurs for many phenomena, the elapsed time t′Δ in (3.16) 
measured on the Earth is exactly the same for all equivalent theories 
independently of the factor 1e .  

Using (3.16) for t′Δ and (3.7) for od ′ , we can now calculate the 
speed ( )CALcR  of the received light relative to the Earth as 
determined from Earth. This is given by 

 ( ) 21 β−
−

=
′Δ
′

=
vc

t
dCALc o

R  (3.17) 

Consistency demands that the relative light speed ( )CALcR calculated 
in (3.17) be equal to the relative light speed ( )ScR predicted by the set 
of theories in (2.4). This requires that 
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ββββ +

=
−
−

=
−++ 1111

22
1

cvc
ce
c  (3.18) 

It follows from (3.18) that  

 βββ +=−++ 111 2
1ce  (3.19) 

which for cv ≠ yields 
 01 =e  (3.20) 

The condition 01 =e corresponds to the AST which from (2.4) 
predicts relative light speed ( )ASTcR  as 

 ( ) 211 ββ −
−

=
+

=
vccASTcR  (3.21) 

the same light speed value as that calculated in (3.17). In all other 
theories of the set, 01 ≠e giving predicted relative light speed 

( )SETcR as 

 ( ) 22
1

111 βββ −
−

≠
−++

=
vc

ce
cSETcR  (3.22) 

In particular for SRT, 2
1 1/ ββ −−= ce and hence SRT’s predicted 

relative light speed ( )SRTcR is 

 ( ) cSRTcR =  (3.23) 
Interestingly, the one-way light speed invariance suggested by 

(3.23) has not been confirmed despite numerous experimental tests 
[17]. The condition 01 =e  means that the AST is the only theory of 
the set of “equivalent” theories that predicts a relative light speed 

( )ASTcR  which is equal to the directly calculated value ( )CALcR , a 
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value that has been experimentally confirmed [18]. All the other 
theories including SRT which correspond to 01 ≠e are therefore 
inconsistent and hence seem unable to represent the physical world 
since for them ( ) ( )CALcSETc RR ≠ . If SRT is to remain the accepted 
theory of space and time, this inconsistency must be removed.  

4. Conclusion 
In this paper, light speed predictions by Einstein’s Special Relativity 
Theory, the Absolute Space Theory and all other members of the 
complete set of “equivalent” theories developed by Selleri [13] were 
compared with the directly calculated light speed value for Jupiter’s 
occulting satellite Io. Of these the SRT predicts relative light speed 

( ) cSRTcR = in accordance with its foundation light speed invariance 
postulate while the AST predicts relative light speed 

( ) 21 β−
−

=
vcASTcR consistent with a preferred frame. The AST was 

the only theory whose prediction was in agreement with the directly 

calculated relative light speed value ( ) 21 β−
−

=
vcCALcR corresponding 

to a clock synchronization parameter 01 =e . On this basis, the 
Absolute Space Theory with its preferred frame appears to be the best 
description of physical space and time. 

References 
[1]   Einstein, A. On the Electrodynamics of Moving Bodies, in The Principle of 

Relativity by H.A. Lorentz, A. Einstein, H. Minkowski and H. Weyl, Dover 
Publications, New York, 1952. 

[2] French, A.P., Special Relativity, Nelson, London, 1968. 



 Apeiron, Vol. 16, No. 3, July 2009 418 

© 2009 C. Roy Keys Inc. — http://redshift.vif.com 

[3] Rindler, W., Introduction to Special Relativity, Clarendon Press, Oxford, 
1991. 

[4] Williams, W.S.C., Introducing Special Relativity, Taylor and Francis, London, 
2002. 

[5] Gagnon, D.R., Torr, D.G., Kolen, P.T. and Chang, T., Guided-Wave 
Measurement of the one-way Speed of Light, Physical Review A, 38, 1767, 
1988.  

[6] Ives, H., Graphical Exposition of the Michelson-Morley Experiment, J. Opt. 
Soc. America, 27, 177, 1937. 

[7] Ives, H., An Experimental Study of the Rate of a Moving Atomic Clock, J. 
Opt. Soc. America, 28, 215, 1938. 

[8] Ives, H., The Fitzgerald Contraction, Scient. Proc. R.D.S., 26, 9, 1952. 
[9] Selleri, F., Recovering the Lorentz Ether, Apeiron, 11, 246, 2004. 
[10] Maciel, A.K.A. and Tiomno, J., Experiments to Detect Possible Weak 

Violations of Special Relativity, Physical Review Letters, 55, 143, 1985. 
[11] Mansouri, R. and Sexl, R.U., A Test Theory of Special Relativity: I. 

Simultaneity and Clock Synchronization, General Relativity and Gravitation, 
8, 497, 1977. 

[12] Levy, J., From Galileo to Lorentz…and Beyond, Apeiron, Montreal, 2003. 
[13] Selleri, F., Bell’s Spaceships and Special Relativity, pp. 413-428 in Quantum 

[Un]Speakables, From Bell to Quantum Information, R.A. Bertlmann & A. 
Zeilinger, eds., Springer, Berlin, 2002. 

[14]  Ives, H.E., The Measurement of the Velocity of Light by Signals Sent in One 
Direction, Journal of the Optical Society of America, 38, 879, 1948 

[15] D.A. Jennings et al., The Continuity of the Meter: The Redefinition of the 
Meter and the Speed of Visible Light, Journal of Research of the National 
Bureau of Standards, 92, 11, 1987. 

[16] J. Bailey, et al., Measurements of Relativistic Time Dilation for Positive and 
Negative Muons in a Circular Orbit, Nature, 268, 301, 1977. 

[17] Zhang, Y.Z., Special Relativity and its Experimental Foundations, World 
Scientific, Singapore, 1997. 

[18] Gift, S.J.G., Light Speed Invariance is a Remarkable Illusion, arXiv: 
0708.2687. 


