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Introduction

The experimental results reported in the work of Braxmaier, 
et al. [1], demonstrate that the speed of light c is independent 
of the state of motion of the observer to within a possible error 
of Δc/c = (4.8 ± 5.3)×10–12. This result represents a signifi cant 
improvement over the original work of Kennedy and Thorndike 
[2], toward the goal of establishing the independence of the 
speed of light on the velocity of the laboratory, as postulated 
in Einstein’s Special Theory of Relativity (STR) [3]. The 
experiments were carried out with an optical resonator over a 
period of 190 days during which time the orbital speed v of the 
Earth around the Sun changes by as much as one part in 30. If 
the in situ speed of light c (v) in the laboratory were dependent 
on v (c=299792458 ms-1), then the frequency of the resonator, 
given by res = m c(v)/2 l in the experiment (l is the length of 
the resonator and m is the constant mode number) would also 
not be constant, contrary to what was observed.

Yet we know that the frequency and wavelength of light 
waves do change when the light source is accelerated relative 
to the observer. Experiments with the transverse Doppler effect 
[4], have demonstrated that the wavelength of light varies in 

direct proportion to (v) = (1-v2/c2)-0.5, where v is the speed of 
the light source relative to the laboratory. The corresponding 
light frequency decreases by the same factor [5], so that their 
product, the speed of light in free space, is independent of v, in 
accord with Einstein’s second postulate of STR [3]. Experiments 
carried out on airplanes [6] and satellites [7], have provided 
unequivocal evidence that the rates of atomic clocks slow down 
upon acceleration, but that the speed v that needs to be used 
to obtain the correct value of  in the above formula must be 
determined relative to a defi nite rest system, namely the frame 
of the Earth’s non-rotating polar axis. 

The question to be considered below is whether analogous 
changes in the lengths of objects occur when they are accelerated. 
The experimental situation is qualitatively different than for 
clock rates because there is no direct means of ascertaining 
whether the length of an object has varied during the course 
of its journey. By contrast, one only has to compare the round-
trip time shown on an accelerated clock with that of one left 
behind at its original location when they are brought together 
again to see if their rates have differed at any point. In other 
words, clocks have “memories,” but measuring rods do not. 
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In the absence of actual measurements, there has been 
wide reliance on theory in the form of the Fitzgerald-Lorentz 
length contraction (FLC) effect to simply predict the way 
lengths vary with velocity. The latter is derived from the 
Lorentz Transformation (LT) of STR [3], that has traditionally 
been looked upon as uniquely satisfying Einstein’s postulates 
of relativity theory. This conclusion has recently [8-10], been 
shown to be incorrect, however, and an alternative space-
time transformation (Newton-Voigt Transformation, NVT) 
has been introduced in its place that has clear advantages over 
the LT in a number of areas, specifi cally in justifying the way 
in which the Global Positioning System (GPS) arrives at its 
distance determinations on the surface of the Earth. Within 
the framework of the NVT, it is possible to use the results of 
the cryogenic optical resonator experiments [1], to prove that 
the lengths of objects do vary with acceleration, but not in the 
manner predicted by the FLC. 

Inferences based on the Doppler effect and GPS metho-
dology

The main result of the cryogenic optical resonator 
experiments [1] is that, within the limits of experimental error, 
neither the in situ frequency nor the wavelength of light is found 
to change to any measurable degree as the Earth’s orbit around 
the Sun varies between aphelion and perihelion. One should 
not lose sight of the fact that both quantities do change for an 
observer S located in the rest frame of the Sun. He must fi nd 
that both the frequency  (S) and the wavelength  (S) of light in 
the optical resonator are constantly changing with the Earth’s 
orbital speed v. Experiments with the transverse Doppler effect 
[4] have demonstrated that the wavelength of light varies in 
direct proportion to  (v) = (1-v2/c2)-0.5, where v is the speed of 
the light source relative to the laboratory. The corresponding 
light frequency decreases by the same factor [5], so that their 
product, the speed of light in free space, is independent of v, 
in accord with Einstein’s second postulate of STR [3] (note that 
Voigt [11], already invoked the light-speed constancy condition 
in 1887 to arrive at a relativistic space-transformation). The 
condition for resonance within the optical cavity in the above 
experiments [1] is maintained to the cited degree of accuracy 
for the entire period of 190 days. It therefore follows that the 
number of wavelengths n in the cavity is always equal to m/2, 
both for the observer E at rest on the Earth’s surface and also 
for S, since n is a relativistic invariant. 

Since the wavelength of light (S) is constantly varying 
for observer S as the Earth makes its way around the Sun, 
however, this means that the length of the cavity L(S) must have 
changed by the same proportion from his perspective over the same 
period of time. Specifi cally, if S fi nds that the wavelength (S) 
increases by a factor of Q as the Earth has accelerated between 
the aphelion and perihelion of its orbit, then the corresponding 
length L(S) of the cavity must have increased by Q based on his 
measurements. If L did not vary for S, then he would have to 
see a steady departure from the condition of resonance in the 
cavity, contrary to the requirement that n be the same for all 
observers.

Because of the transverse Doppler effect [5], the frequency 
(S) measured in the rest frame of the Sun must have decreased 

by the same factor Q>1 over the same period (after excluding 
gravitational effects, as also is done in the discussion that 
follows). The fact that observer E on the Earth’s surface 
continues to measure the same value for res, i.e.  (E), means 
that his laboratory clocks have slowed down. In other words, 
time dilation has occurred for these clocks as a result of the 
Earth’s acceleration relative to the Sun. The argument given in 
the preceding paragraph shows that both (S) and L (S) increase 
by the same factor Q over this period of time. The conclusion 
is that time dilation is accompanied by isotropic length expansion in 
the above experiments [8-10]. 

The reason that both observers S and E continue to fi nd 
that the speed of light has a constant value of c over the entire 
period of measurement is easily understood on this basis. 
Because of the time dilation, E measures shorter elapsed times 
T than does S by a factor of Q, i.e. T (E) = Q-1T (S). Because of 
the length expansion, E’s meter stick is Q times longer than 
S’s. Therefore, E measures smaller distances L (E) travelled by 
the light by the same factor Q than does S, i.e. L (E) = Q-1L (S). 
Therefore, the ratio of length traveled to time elapsed is exactly 
the same for both: L (S)/T (S) = L (E)/T (E) = c. The cancellation 
effect for their respective time and distance measurements 
causes them to obtain the same value for the relative velocity 
of any two objects, not just for the speed of light relative to a 
given observer [12]. 

The fact that E’s meter stick is larger than S’s is also clearly 
consistent with the transverse Doppler effect [4,5]. He therefore 
measures a smaller value for the wavelength than does S:  (E) 
= Q-1 (S). Since the time dilation effect requires that  (E) = Q 
 (S), it again follows that the measured speed of light is the 
same for both observers. Note that for other than transverse 
motion a correction has to be made for both  (S) and  (S) to 
refl ect the fact that the source is moving relative to the waves it 
produces. The actual demonstration of the transverse Doppler 
effect [4], employs such a procedure. On this basis it is clear 
that light propagates isotropically for both observers E and S, 
consistent with the Michelson-Morley experiment [13] and 
also with the prescriptions of STR [3]. 

The above conclusion is also supported by experience 
with the GPS methodology. A Gedanken experiment has been 
outlined in recent work [8] that considers how a rod changes 
its length when it is placed in orbit on a satellite. The elapsed 
time T for light to traverse a rod of length L m is fi rst measured 
on the satellite while it is still on the ground. This is done using 
a clock P that later is launched into orbit with the satellite 
and another (E) that stays behind on the Earth’s surface. In 
both cases the result is T=c-1L s, consistent with the modern 
defi nition of the meter as the distance traveled by light in c-1 
s. The experiments with the optical resonator [1] indicate quite 
clearly that P will continue to fi nd the elapsed time to be T(P)= 
c-1L s once the satellite reaches orbit. Any other result would 
violate the Relativity Principle (RP), so this value for T(P) is 
perfectly consistent with the light-speed constancy postulate 
of STR [3] as well. 

The GPS technology employs a “pre-corrected” clock X on 
the satellite whose rate has been adjusted to compensate for 
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the effects of time dilation. If we exclude gravitational effects 
on the satellite clocks for the time being, this means that X, 
while still on the ground, must run faster than E by a fi xed 
ratio defi ned to be equal to Q (Q>1). Therefore, when X reaches 
its fi nal orbit, it runs at exactly the same rate as clock E that 
remains at rest on the Earth's surface, and therefore Q times 
faster than clock P at this point. As a result, the time registered 
on clock X, while in orbit, for the light to traverse the rod is 
equal to T (X) = T(E) = c-1QL s. Since the speed of light is also 
equal to c for the observer on the Earth’s surface, it therefore 
follows that E now measures a value for the length of the rod 
to be QL m as a consequence. Since the unit of distance has 
not changed on the ground, this can only mean the rod on 
the satellite, since Q>1, has increased in length as a result of 
its being shot into orbit. Furthermore, there is no reason to 
expect that this result will depend on the orientation of the rod 
since the rates of the clocks used in the above determination 
are clearly unaffected by this detail. The conclusion is therefore 
that relativistic time dilation is accompanied by isotropic length 
expansion, and by exactly the same amount as has been deduced 
above by combining the results of the transverse Doppler effect 
[4,5] and cavity resonator experiments [1]. 

Although gravitational effects have been neglected in the 
above arguments, this is not essential in arriving at the fi nal 
result. Because of the gravitational red shift [14], the rates of 
clocks increase with altitude above the Earth’s surface. In actual 
practice [15], the GPS pre-corrected clock X must be slowed 
while on the ground in order for it to have the same rate as its 
counterpart E on the Earth’s surface after reaching orbit. This 
is because the gravitational increase in rate is greater than that 
of opposite sign caused by time dilation. In previous work, the 
latter effect has been referred to as the gravitational scaling of 
units [16], as opposed to the “kinetic” scaling [17], that results 
because of acceleration effects. 

In the following, it will be assumed that the uncompensated 
satellite clock P in orbit runs S times faster (S>1) than clock E 
on the Earth’s surface because of the red shift, but Q times 
slower due to time dilation as in the above discussion. This 
means that clock X in orbit must run slower than P by a factor 
of Q/S (Q<S) in order to have the same constant rate as clock E. 
Consistent with the results of the cavity resonator experiments 
[1] and the RP, the elapsed time read on clock P for the light to 
traverse the rod when the satellite is in orbit is still T (P) = c-1L s, 
the same value as before launch. Because of inclusion of the red 
shift, however, the corresponding value for clock X is now T (X) 
= c-1(Q/S) L s = QL/Sc s, the same value as recorded on clock E. 
But the speed of light on the satellite is also changed by virtue of 
the red shift. The ground observer fi nds that light travels there 
at the higher speed of Sc because of the increase in altitude 
[14]. As a result, he still fi nds the length of the rod to be QL m, 
the same value as found above when gravitational effects were 
ignored. The conclusion is that lengths are not aff ected by changes 
in altitude even though the rates of clocks are [16]. Isotropic 
length expansion accompanies time dilation, independent of 
the difference in gravitational potential separating the object 
and the observer. 

Failure of the lorentz transformation 

 The discussion in the preceding section has been based 
squarely on Einstein’s two postulates of STR [3] as well as 
experimental observations of the transverse Doppler effect 
[4-5] and the way clocks are affected by acceleration [6-7]. 
The results of the cryogenic optical resonator experiments 
[1] serve to reinforce the belief in these postulates, and 
thus by themselves do not require any change in the views 
of mainstream physicists about relativity theory. Yet the 
conclusion of isotropic length expansion that has been reached 
above runs completely contrary to the traditional view of 
how the spatial dimensions of objects vary with their state of 
motion. To understand how this situation came about, it is only 
necessary to see how Einstein [3] used his two postulates to 
derive the Lorentz Transformation (LT).

First of all, he realized that the two postulates were 
insuffi cient in themselves to uniquely specify the space-time 
transformation he was seeking. This had been pointed out 
earlier Lorentz [18]. Einstein decided that he could remove the 
uncertainty by invoking symmetry in the form of the Lorentz 
invariance condition for the coordinates of a moving object 
measured by two observers in relative motion with speed v (Δx, 
Δx' etc. are intervals of distance traveled and corresponding 
elapsed time Δt, Δt'):

 Δx2 + Δy2 + Δz2 - c2Δt2 = 0 = Δx’2 + Δy’2 + Δz’2 - c2Δt’2. (1)

The resulting transformation led to many predictions which 
could not be tested experimentally at that time. One of the most 
prominent of these was that the longstanding belief in the 
principle of simultaneity of events for all observers had to be 
discarded, but there were also others, such as the prediction of 
the time-dilation phenomenon and Fitzgerald-Lorentz length 
contraction (FLC). Combining his two postulates with eq. (1) 
leads unambiguously to the LT:

Δx =  (v) (Δx’ + v Δt’) (2a)

Δt = γ (v) (Δt’ + v c-2 Δx’) (2b)

Δy = Δy’ (2c)

Δz = Δz’. (2d)

According to eq. (2b), the elapsed time Δt measured by one 
observer would depend on both the corresponding time for the 
same event Δt’ measured by another observer and the position 
of the latter, thereby eliminating absolute simultaneity as a law 
of physics. 

What we know today from various experiments, in 
particular the experience with the GPS technology, however, 
is that this prediction of the LT is false. Observers in relative 
motion employ clocks that run at different rates, but if the 
elapsed times for two events are equal for one of them, they 
must also be equal for the other [8]. They simply disagree on 
the unit of time in which to express their measurements, not on 
whether the events were simultaneous or not. Clearly, there 
would be no point in employing a pre-corrected clock on the 
GPS satellites if events there did not occur at the same time 
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for an observer on the Earth’s surface. Hence, the success of 
the GPS industry in making distance determinations proves 
unequivocally that the LT does not qualify as a valid space-time 
transformation, despite the fact that it does satisfy Einstein’s 
other two postulates.

It is therefore not surprising that his predictions about 
relativistic changes in lengths also prove to be false since they 
too are based directly on the LT. In this case, one uses the 
inverse of eq. (2a) to derive the FLC by setting Δt=0 and thereby 
obtaining Δx’=γ (v) Δx. On this basis it can be concluded that 
the length of an object (Δx) moving with speed v along the 
x axis relative to one observer would appear to be contracted 
by a factor of γ (v) compared to the corresponding value 
(Δx’) measured by a local observer traveling with it. Since 
it is physically impossible to distinguish one inertial system 
from another, however, there is a symmetry principle whereby 
each observer would think that it was the other’s measuring 
rod that was contracted [19]. At the same time, the observers 
would agree completely on their measured values for distances 
in perpendicular directions to their line of motion because of 
eqs. (2c-d). These conclusions were in agreement with earlier 
inferences made by Fitzgerald and Lorentz [20-22], based on 
their interpretations of the Michelson-Morley experiment 
[13] and this added further credence to the derivation of the 
FLC from the LT. However, the experiments with a cryogenic 
optical resonator, GPS and the transverse Doppler effect 
discussed above prove that the Lorentz invariance condition 
of eq. (1) is not a property of the true relativistic space-time 
transformation. Distances expand isotropically as clocks slow down, 
rather than contract anisotropically as the FLC asserts. 

A condition other than eq. (1) is therefore required in order 
to specify the desired space-time coordinate transformation. 
This is provided by the simultaneity condition, Δt=Δt’ espoused 
by classical physicists [8,9,23]. As discussed elsewhere [8-10], 
this leads to the following set of equations, which is referred to 
below as the Newton-Voigt Transformation (NVT):  

Δx = η (Δx’ + v Δt’) (3a) 

Δy =  -1Δy’, (3b)

Δz =  -1Δz’, (3c)

Δt = Δt’, (3d)

where  = (1 + v c-2 Δx’/Δt’)-1. Both of Einstein’s 
postulates are satisfi ed thereby, but not the Lorentz invariance 
condition of eq. (1). Note that the same set of equations is 
obtained by multiplying both sides of the relativistic velocity 
transformation by Δt = Δt’ [8,22]. The key point to recognize 
is that the respective units of distance and time are assumed to be 
the same for both observers in these equations. In practical terms, 
this means that the observer on the GPS satellite has to base 
his timing measurements on the pre-corrected clock X so as 
to have agreement with the corresponding values read from 
the identical clock E on the Earth’s surface. The units of time 
and distance are both Q= times greater on the satellite (if 
one corrects for gravitational effects) because of the kinetic 
scaling of units [16,17]. It is not possible to derive the latter 

relationships from the NVT directly, but there is nothing to 
keep one from using them consistently in eqs. (3a-d), i.e., the 
NVT is completely unchanged by converting between the set 
of “natural” units on the satellite and that used on the Earth’s 
surface [8,23].

There is a less complicated way to take account of the 
differences in the respective units employed in the two rest 
frames, however. One can simply include the conversion factor 
Q'=1/Q

explicitly in the corresponding equations as follows:

Δx =  (Δx’ + v Δt’)/Q' (4a) 

Δy =  Δy’/  Q', (4b)

Δz =  Δz’/  Q', (4c)

Δt = Δt’/Q'. (4d)

Conclusion 

The cryogenic optical resonator experiments [1], 
demonstrate in a quantitative manner that the in situ 
wavelength of light does not change with the laboratory’s 
state of motion as it orbits the Sun over a period of many days. 
This study thus provides additional evidence for the Relativity 
Principle (RP) proposed by Galileo in the 17th century and used 
by Einstein as his fi rst postulate of relativity theory. We know 
from measurements of the transverse Doppler effect [4] that 
the wavelength does change for a stationary observer in the 
Sun’s rest frame, however. The only way to reconcile these two 
observations is to assume that the wavelength actually does 
change in the cavity resonator over time, but that the reason 
this is not detected is because there is a proportional change in 
the lengths of all other objects in the laboratory’s rest frame, 
including the resonator itself. 

Verifi cation for this conclusion is found in the GPS 
methodology [8]. The length of a given rod on a satellite must 
appear to be the same when measured in situ after orbit has 
been achieved as it was before being launched from the Earth’s 
surface. Yet the pre-corrected clock on the satellite, which 
runs at exactly the same rate as identical clocks on Earth and 
therefore faster than the uncompensated clock, must fi nd that 
it takes more time for light to traverse the rod (after correcting 
for the gravitational red shift) when it is co-moving with the 
satellite than was measured on the Earth-bound clocks prior 
to launch. Since the speed of light is independent of the state 
of motion of the source, consistent with Einstein’s second 
postulate and measurements of the transverse Doppler effect, 
it again follows that the length of the object has increased by 
virtue of its increased speed relative to its original position. The 
conclusion in both cases is that the periods of accelerated clocks 
increase in exactly the same proportion as the dimensions 
of co-moving rods. In short, time dilation is accompanied by 
isotropic length expansion. The units of time and distance in a 
given rest frame change in strict proportion as it undergoes 
acceleration. The scaling of these units is perfectly uniform, 
however, so that, consistent with the RP, it is impossible for a 
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local observer to detect these changes based solely on his in situ 
measurements.

Physicists have consistently claimed that lengths of 
moving objects contract by varying amounts depending 
on their orientation to the observer. Further, they have 
argued that the effect is symmetric, that is, that observers 
can disagree as to which of two lengths is shorter, thereby 
denying the longstanding principle of objectivity or rationality 
of measurement. The reason for these deep-seated beliefs 
can easily be traced to the Lorentz Transformation (LT), the 
cornerstone of Einstein’s STR [3]. It is easy to show that the 
LT is contradicted by experiment, however, particularly with 
regard to its prediction that events that occur simultaneously 
for one observer may occur at different times for another. 
Studies of atomic clocks on airplanes [6] and rockets [7] prove 
that their rates in different rest frames are always strictly 
proportional to one another. This excludes any possibility 
of observers disagreeing on whether two events occurred 
simultaneously, as a Gedanken experiment on GPS satellites 
clearly shows [8]. 

It is therefore not at all surprising that the LT is wrong 
about length contraction, especially when it is pointed out 
that there is an alternative transformation (NVT) that not 
only satisfi es Einstein’s two postulates but also rests squarely 
on the principle of the absolute simultaneity of events for all 
observers, regardless of their respective states of motion or 
positions in a gravitational fi eld. The NVT is also consistent 
with time dilation and isotropic length expansion, and therefore 
with the optical resonator and Doppler experiments as well as 
with the GPS methodology. It therefore represents a signifi cant 
advance in relativity theory, retaining all the proven successes 
of the LT while eliminating the latter’s failure to satisfactorily 
predict the results of experiments that were impossible to carry 
out at the time it was fi rst introduced.
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