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Abstract

If the speed of light is independent of the movement of its source, then it should
make no difference at all when clocks are synchronized using light sources at rest or
moving ones. It seems it does. When clocks are synchronized in two reference frames
moving relatively to one another, the causal relations ( being causally related or not )
between two particular events will depend on whether sources at rest or moving ones
have been used. This inconsistency will appear solid evidence that the speed of light
is different for observers moving relative to one another , in agreement with classical
mechanics.

Many people have argued that Special Relativity theory must be wrong, but
mostly, for the wrong reasons . Few people have suggested that the speed of light might
not be absolute but nobody thus far was able to prove it, hence this paper. This is a draft
of a paper from which the argument is published at Physics Essays Publication and can
be found on line at
http://w ww.physicsessays.org/browse-journal-2/product/1680-6-luk-rossey-an-inconsistency-

between-light-speed-invariance-and-causal-relations.html

or on the web archive viXra.
1 Introduction

When we are moving toward a source of light, then surely that light must strike
us with a higher speed than to an observer for which the light source is at rest . How
can it be otherwise? Indeed, according to classical mechanics , the speed of light from
a single light source is different for observers moving relative to one another. How
unlikely this might sound, unambiguous experimental evidence to the contrary does not
exist at all . On the other hand, Maxwell’s equations seems to imply that the speed

|
of light ¢ cannot change and is a direct result of basic laws of nature ie. €= \/—
80/”0

But the question is : how can it be proven that Maxwell’s equations describe the
propagation mode of electromagnetic radiation ? Einstein assumed they did and
developed Special Relativity theory accordingly. He postulated the speed of light being
independent of the movement of its source and concluded that simultaneity must be



relative. He insisted that absolute simultaneity, assumed in classical mechanics , must
be abandoned. What has been overlooked though, is that simultaneity and causality
are closely linked. When the speed of light is indeed independent of the movement of
its source, then it should make no difference at all when clocks are synchronized using
light sources at rest or moving ones. It does make a difference.

In the argument , I will describe two similar situations in which clocks are
synchronized in two reference frames moving relative to one another. In the former ,
only one light source is used which obviously must be moving with respect to at least
one of the clocks . In the latter, the signal sources are at rest with respect to the clocks.
At first sight , both synchronization procedures yield identical results . However, the
causal relations between two particular events will depend on whether signal sources
at rest or moving ones have been used. This inconsistency will appear conclusive
evidence that the speed of light is relative . In other words, the existing experimental
confirmation of the light postulate does not prove absolute light speed . But before we
come to the argument, I present 5 examples where the invariant light speed is
questioned. Let’s start with the most important one.

1 Should distant simultaneity be considered relative or absolute ?

The relativity of simultaneity is an extremely important concept in SR and arises even
at velocities <<c

In 1917 Einstein presented a simple “ demonstration “ of the relativity of distant
simultaneity by the well documented train/embankment thought experiment : it goes like
that :

“ A train S’ travels along the rails on an embankment S with constant velocity v.
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The question is whether two events, for example, a lightning strike € , occurring at A

and another event € at B which are simultaneous with reference to the railway

embankment, are also simultaneous relatively to the train ? To say that these lightning
strikes are simultaneous relative to the embankment means that the light rays emitted
from the lightning strikes meet each other at the mid-point M of the length 4 — B of
the embankment . But the events at A and B also correspond to positions A’ and B’ on
the train. Let M’ be the mid-point of the distance 4'— B' on the travelling train. Just
when the flashes of lightning occur , this point M’ coincides with the point M, but it
moves towards the right in the diagram with the velocity v of the train. It is an
experimental fact that the observer M’ will see the lightning flash emitted at position
A’ earlier than he will see that emitted from B’ . «



This is an objective description of nature but the question is : why does M’ observe the
two lightning flashes at different times ?

Two possible answers can be put forward :

1/ Einstein postulated the speed of light being equal with respect to M and M’ . If true,
and indeed if true, distant simultaneity must be considered relative.

2/ 1In classical mechanics, the speed of light is different for the relatively moving
observers M and M’ whereby simultaneity is assumed absolute .

Neither of these two explanations can a priori be considered right or wrong . Although
the available experimental evidence appears to support the first possibility, the evidence
is circumstantial and does not refute the second possibility either. In the argument, the
second possibility will be proven.

2 Does Michelson-Morley’s experiment prove absolute light speed ?

Michelson and Morley designed their famous experiment in order to detect the
orbital movement of the earth through the hypothetical ether. To their amazement , the
predicted fringe shift did not occur . The analogy between a light wave in the supposed
ether and a boat moving in water, which seemed so evident in 1881, is simply incorrect.
The derivation and conclusion based on this analogy which is still been presented in
contemporary literature , is obviously incorrect for light waves. On the other hand, the
relativity principle predicts that inertial motion is experimentally undetectable , hence
the negative result . To this day, one can find in the literature, on line and on you-tube
people who claim that the negative M-M result proves that the speed of light is invariant.
This is absolutely not true. On the contrary, an observer O’ moving relative to the M-M
interferometer measures 4 different light speeds in that apparatus!

Figure 2 : The M-M experiment
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Let’s consider the following events:

. ! .
event 1 : at time [ 0=1"0, two wave fronts or two photons ,a and b, are leaving

the beam splitter S , photon a is travelling toward mirror A and
photon b to mirror B

event 2 : photon a reflects on mirror A

event 3 : photon b reflects on mirror B

event 4 : photon a re-enters S

event 5 : photon b re-enters S

For the observer O at rest to the M-M apparatus

The negative result of the M-M experiment does prove that the speed of the
photons a and b with respect to the apparatus is not affected by the earth’s orbital speed
v, an excellent confirmation of the relativity principle. Let both arms be of equal
length L ,then event 4 and 5 are part of a single event , henceforth event 4-5 .

Let T denote the time interval between event 1 and event4-5 as measured
by O then, event 2 and 3 can be considered to be happening simultaneously at time

t,+7T/2 whereby T =2L/c

Let an observer O’ be moving to the right in the diagram above, relative and
parallel to the arm S-B of the M-M interferometer . From the perspective of observer O’
, the interferometer is moving to the left at speed -v . Let 7' denote the time interval
between event 1 and event 4-5 as measured by O’. Assuming for the time being that
simultaneity is absolute , in particular if event 2 and 3 happen simultaneous according
to observer O, then they occur simultaneous in any other frame as well. It follows that
the round-trip light path 2L’ of photon b is the same in both reference frames:

2L'=L—vT''2 + L+vT'/2 = 2L

and when 7 =T"' * jthen the round-trip speed of photon b is the same for both observers:
2L" 2L

T T
On the other hand, the total light path of photon a becomes :

whereby @ =tg7'v/c

cosd
2L /cosé@
- >c¢

'

hence , the two-way light speed S—>A —>S =

So, the two-way light speeds in the two arms as measured by O’ are different :

2_L< 2L/cos @ (1
T' T'

Moreover, the one-way light speed between the beam splitter S and mirror B =
L—vT'/2 2L—vT'
cS—)B = ' = '
T2 T




And the return leg B— S of photonb = ¢, (= 2L;—"’T

Therefore, O’ measures 4 different light speeds in the moving M-M apparatus , two of
them in excess of ¢

2L—vT'<2L 2L/cos«9<2L+vT'

. 2
T' T' T' T' @)

Of course , the equations (1 and 2) only prove the relativity of the light speed , hence
the existence of speeds higher then ¢, insofar distant simultaneity is absolute. In the
argument, the validity of equation (2) will be proven.

3 Is time dilatation an experimental established fact ?

If time dilatation was an established fact then when two inertial clocks x and y
are moving past each other , an observer X at rest to clock x will argue that clock y is
running slow but reciprocally , an observer Y at rest to clock y will argue that clock x is
running slow. There is no contradiction in this statement as long that the two clocks meet
each other only once and never again. But do we have experimental evidence that inertial
moving clocks behave that way ? The atomic clocks on board the GPS satellites prove
otherwise, i.e. T=T" * from above.

Let’s have a GPS satellite, X , with a polar orbit and the orbit’s plane stays
fixed relative to the distant stars ( most observational satellites have such an orbit) .
Because the satellite is freely falling and occupies a very small region of space ( no tidal
forces) , Newton’s laws inside the satellite are valid to a very high degree i.e. a perfect
( local) inertial reference frame. Therefore, the atomic clock on board the satellite is a
perfect inertial clock. Let’s have another GPS satellite, Y, with an identical polar orbit,
but moving in opposite direction. An observer on board X will see a rapid moving ( 15
km/s) clock on board satellite Y and reciprocally for an observer on board satellite Y
. The two satellites pass one another twice in one orbit and both the observers can
compare their inertial clocks successively and directly . According to SR, the observer
on board X must see the clock from Y running slow and the observer on board Y must
see the clock from X running slow . The clocks come together many times, therefore the
statement can never be true ! If only one of the two clocks would run slow with respect
to the other, (and the other runs fast relative to the first ) then we would have a genuine
, unsolvable paradox ! The determination of our position on earth would be an extremely
difficult matter if the relatively moving atomic clocks on board the 24 GPS satellites
would all run differently with respect to one another .

4 Do speeds in excess of light speed exist ?

It seems, it does . The speed between the electrons and positrons in the Large Electron-
Positron , LEP, accelerator at CERN appearstobe 2 c .

In the LEP, electrons and positrons are smashed together head-on, converting all of their
mass and momentum into energy. In the accelerator ring, the electrons and positrons are
moving at v~c¢ , in opposite directions. Let’s consider for instance a single electron x
and positron y which pass each other while moving through the detector assuming they
do not collide and call this event 1. They are leaving the detector at v~c¢ in opposite



directions. Half a circumference further, they pass one another, event 2, and later still
they come together in the detector again where they could collide, event 3. ( see figure 3
) According to the experimental physicists , both electron’s and positron’s (accelerating)
clocks are running slow with respect to the inertial lab clock. This can easily been verified
because the three clocks are passing one another at the events 1 and 3 ** . Let d denote
the circumference of the vacuum tube in which the electrons and positrons move . Let
T denote the time interval between event 1 and 3 as measured by the lab clock so that
T=d/v . Let T’ denote the time interval between event 1 and event 3 as measured by
1

V1=v?/c?

electron x whereby T =yT"' and y=

Figure 3

event 3
event 1 event 2

The question is: at what speed are the positrons moving relative to and measured by
the electron x ?

According to SR, the speed u  between the electron and positron
~C+~cC . ..

u= Tomci/ o = u ~c .However, it seems, this is not what the electron measures
+=c°/c

These are the same 3 events as experienced by electron x :

Figure 4
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The electron x is entitled to see itself as being at rest together with all the other electrons
in the vacuum tube. From the perspective of the electron x , the detector is moving past
all other electrons. Let v’ denote the speed of the detector , then v'=v=d'/T'=c ,
whereby we suppose that d’ denote the circumference as measured by electron x . In
that case, d'=d /y . Letv’’ denote the speed of the positron y as measured by electron
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x then: v"= o ~2c !!. In other words, ( see figure 4) in the time interval T’ ( between

the events 1 and 3) as measured by x , all the electrons in the vacuum tube have been
passed twice by the positron y. The positron y has travelled twice the circumference while
the detector has done so only once in the time interval T’ . Both distance and time being

1

measured by x , hence v" = e ~2c

Moreover, what the electron x does not measure is perhaps even more important. The
positron is moving at twice the speed of light with respect to the electrons but the
positron’s clock with respect to the electron’s ,does not run backwards nor has it’s time
become imaginary. No, it runs at the same rate as the electron’s **. Travelling at speeds
higher then light speed won’t make you younger, let alone that you are travelling back
in time ( and hopefully not murdering your grant father ) At the end of the argument,
we will see why time travel is really impossible.

5 Ole ROMER and the relativity of the light speed

In 1677, ROMER was the first person to estimate the speed of light using the eclipses of
Io together with the estimated distance between the earth and the sun. Moreover, the
eclipses of Jupiter’s satellite lo provides another strong support for the variable one-way
speed of light .

Figure 5
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An eclipse occurs each time Io enters the shadow of Jupiter. This happens at constant
intervals equal to the time of revolution 7' of the satellite lo which is accurately known
to be 152 820 sec. The moment lo leaves Jupiter’s shadow, a “train” of light waves is
emitted from Io . The length L of the light wave train equals the interval 7 minus the
duration ¢ of the eclipse, times the speed of light ¢: L =(T —¢)c

Figure 6
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According to the laws of mechanics, 7' and ¢ can be considered constant which
renders the length of the light wave train L  constant too. Logic tells us , if the length
L is constant and if the light wave train passes the earth at constant speed, then T as
measured on earth has to be constant too. As it happens , this is not the case. 7’ as
measured on earth is longer with a maximum of 15 sec ( v/c times 7') the moments
earth passes position B in the orbit ( fig 5 ) and max 15 sec less at position D . If the
speed of the earth v relative to Jupiter was known by Remer, he could have determined

the speed of light being ¢ = TV—TT' . At the same time, he could have interpreted the

discrepancy between T and 7" ,as the result of the variable speed of the light wave train
with respect to the earth .

As we can see in these 5 examples , there seems reason to doubt the validity of
the light speed invariance . And so, we come to the argument. To fully appreciate the
argument, some concepts have to be addressed first ; causality , and the one-way speed
of light leading to Einstein’s definition of simultaneity

Causality and simultaneity

Pick any two events in the history of the universe and call them X and Y . Then
one of three things will always be true . Either X could be a cause of Y, or Y could be a

cause of X, or neither could be a cause of the other. For example, let event X denote the
emission of a signal from some place in space and event Y the arrival of that signal at

a distant place, then X and Y are said to be causally related. Because signals with infinite
propagation speed do not exist, ( not even in classical mechanics ) causally connected
events are never simultaneous events. Their time sequence , the succession of cause and
result, is absolute and unambiguous. Furthermore, in the classical world of arbitrarily
fast signals, every pair of events which are not happening at the same time can potentially
be causally connected. Only simultaneous events are guaranteed to be causally unrelated
. This last is different in Special Relativity theory . Assuming light speed invariance, the
time ordering of causally unrelated events is ambiguous and depends on the movement
of the observer.

As we can see, simultaneity and causality are closely linked. Causally related
events are never simultaneous events, while simultaneous events can never be causally
connected . The causality relations are a powerful tool because it enables one-way
light speeds to be compared without the need to know their numerical values . As we’ll
see next, the value of the one-way speed of light cannot be determined at all without
introducing a definition of simultaneity. In this way, one-way speeds are always more or



less conventional. The causal relations can avoid this conventionality aspect in
establishing the (in)equality of multiple one-way speeds.

The circular reasoning and the one-way speed of light.

At a first sight, it would seem that the experimental determination of the one-
way speed of light is a single task. It is only necessary to have a source of light emitting
from point A and let the light travel the path of length L to arrive at point B. Then, by
measuring the time the light takes to travel from point A to B it seems possible to obtain
the one-way speed of light simply by dividing the length L by the time difference
measured by the two clocks. Still this appearance of simplicity is only an illusion. To
measure the initial time, the time of departure of the pulse of light from point A we need
a clock placed at that point. To determine the arriving time, the final time, another clock
must be placed at point B. The transit time will then be the time difference of the two
readings, if and only if the two clocks are synchronized.

Now the problem is, to synchronize clocks, one needs to know the one- way
velocity of light, but to determine the one-way velocity of light, one requires
synchronized clocks .

Aware of this circular reasoning , Einstein wrote in his famous 1905 paper on
Special Relativity : “we have not defined a common ‘time’ for A and B, for the latter
cannot be defined at all unless we establish by definition that the time required by light
to travel from A to B equals the time it requires to travel from B to A” .

ty=t,+1/2(¢',—t,) @3

whereby ¢',—¢, denotes the proper time interval measured at A which

24B

t',—t,
Einstein’s definition (3) is deceptively simple: postulate the invariant light
velocity to start with and define simultaneity accordingly . In this way , inertial frames
in relative motion have different definitions of simultaneity, but are guaranteed to get the

same value for the one-way speed of light in every measurement , as will be illustrated
in the argument.

determines the two-way or round-trip velocity of lightc : c¢=

THE ARGUMENT

Synchronizing clocks using a single light source

Let’s consider the following situation:

Two inertial frames S and S’ in standard configuration are moving at speed v with
respect to one another along their common x — x” axes . Let observer M be at rest in S
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at a distance d from the origin O on the x- axe and another observer M’ at rest in S’ at
the same distance d from O’ on the x’- axe. Both distances are measured at rest in the
relevant frames.

Figure 7 : the relatively moving frames S and S’
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Let’s assume at time f, =, a flash of light is emitted from the point in space

where O and O’ momentarily coincide and call this event 1 . Event 1 will cause the two
particular events mentioned in the abstract .

Figure 8 : the succession of the events 1, 2 and 3
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As we can see, the flash of light must pass M ( i.e. event 2) on the way to M’
and upon arriving at M’ (i.e. event 3) can hold information that event 2 already has
happened . The two events are connected by a signal, hence , the events are guaranteed
to be causally related. Therefore, everybody agrees that event 2 happened sooner than
event 3. In other words, the time interval T the light took to travel from O to M is less

then the time interval 7’ the light took to go from O’ to M’ . Common-sense clearly

suggests that the one-way speed of light Cg in S, is different and exeeding from to the

one-way light speed Cg. in S’ , hence the light reaches M sooner than M’:

T<T':>O£4>OM or cg>cg  (4)

'
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Naturally, if the speed of light is absolute, then 7and 7’ must be equal ! To illustrate
how Einstein’s definition of simultaneity (3) “solved “ this problem, let’s finish the
synchronization procedure :

When the flash of light reaches M , i.e. event 2, he sets his clock to read
t,, =t,+d/c 1in order to synchronize his clock to the one at O

And when the flash of light reaches M’, i.e. event 3 , M’ sets his clock to read
t',, =t'v+d/c 1inorder to synchronize his clock to the one at O’ . We get :

T=t,—-t,=T'=t',—t',=d/c (5) and

T'=T'=d/T=d/T" or c,=c, (6)

We see that synchronizing clocks Einstein’s way guarantees that the one-way

speed of light C;, as measured by M equals the one-way speed of light C),» as

measured by M’ ! We must bear in mind though that the “measured” light speeds
are in fact defined speeds whereby light speed invariance is presupposed . Therefore,
equation (6) must be considered but a convention and as such is neither true nor false.

The fact that a causal relation exists between the events 2 and 3, will prove to
be unambiguous evidence that the speed of light in the two frames S and S are different.

Synchronizing clocks using signal sources at rest

For the synchronization of clocks in inertial reference frames, one obviously can
use alternative signals . An observer could shoot standard bullets from standard shot
guns at time #, . When this bullet passes another observer at rest at a distance d from
the first , his clock is set to read #,+d /u , u being the muzzle velocity of the shot

gun. Obviously, this synchronization is equivalent to that using light , since it would be
so in absolute space, and since in SR every inertial frame is as good as absolute space.

So, let’s have two standard shot guns A and B with equal muzzle velocities U, =U, .
This equality is established by the following procedure : a target Ta is set at a distance d

from the shot guns . Without knowledge of the values of ¥, and Uy ,two bullets
a and b ,fired simultaneously from the two guns , will reach that target simultaneously.

Figure 9 : the simultaneous arrival of the two bullets at Ta, hence U, = U,
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Let gun B, henceforth B’ be placed in an inertial reference frame S’ which is
moving relative and parallel to the x-axe of gun A’s rest frame . According to the
relativity principle , the muzzle velocity Uz will not have changed. Another target

Ta’ isplaced in S’ at the same distance d from gun B’ on the x’ axe. Both distances
d are measured at rest in the relevant frames.

Attime #, =t',,the guns coincide and they are fired simultaneously as depicted
below and call this event I:

Figure 10: event/

Again, we consider the next two particular events:

Event /I : bullet a reaches Taand a clock at Ta is set to read 7, =7, + d/u 4
Event /I : bullet b reaches Ta’ and a clock at Ta is set to read 'y, =t'(+d /up,

The crucial question is : are the events I/ and /Il causally related or not ?

First of all, the events happen at the different places in space. We can imagine
an observer halfway between these two events who sees them happening
simultaneous. Another observer moving relative to the first, will perhaps see event /7
before event /II. Yet another might see event /I later then event //] .( see the train-
embankment thought experiment ) In SR, these observers will conclude that the time
ordering of the events /7 and /I] is ambiguous and depends on the state of motion of
the observer. As we have seen, the existence of an ambiguity in the time ordering of
events proves that the events can never be causally related to one another. We also
have seen that causally unrelated events are guaranteed to happen simultaneously in

the classical sense, hence one may conclude: the time interval 7 bullet a took to cross
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the distance d in frame S equals the time interval 7 bullet b took to cross the same
distance d in frame S’ :

T=T" hence, d/T=d/T'=u,=uy (7)

(recall , both distances d are measured at rest in the relevant frames )

The similarity between the equations (6) and (7) is striking and from the perspective of
light speed invariance , an absolute necessity . However, the former synchronization
procedure leads to causally related events yielding 7' < T’ while in the latter , the
relevant events are causally unrelated leading to the conclusion that T = T' . This is
very odd because in both synchronisation procedures, equal signal speeds have been

assumed : the invariant light speed in the former and equal muzzle velocities in the
latter ! Obviously, one of the assumptions must be wrong.

Because the muzzle velocities are equal, U ; = Uy, the relevant events can never be
causally related to one another. It follows , if the one-way light speeds in both frames

were also equal ,i.e. C¢ = Cg , a causal relation between event 2 and event 3 should
not exist either. The causal relation is guaranteed to exist and therefore proves that the
one-way light speeds in the frames S and S’ are different ; C¢ # Cg according to

equation (4) whereby, in casu Cg > Cg,

The conclusion seems inescapable : the speed of light from a single source or any signal
whatsoever is guaranteed to be different for observers moving relative to one another ,
hence the total absence of experimental evidence to the contrary.

The relativity of simultaneity in Special Relativity theory is a direct result of the
postulated invariant light speed . As has been demonstrated, the speed of light can never
be invariant, hence simultaneity must be absolute, validating equations (1) and (2) in
the M-M analysis. Therefore , the transition of the future into the past happens at the
same time throughout the universe, rendering its age universal for all observers. But
perhaps more importantly, absolute simultaneity prevents causality ever to be violated
and renders time travel, with all the intrinsically potential paradoxes , impossible.

“ Success is not measured by what a man accomplishes, but by the opposition he has
encountered and the courage with which he has maintained the struggle against
overwhelming odds”  Charles Lindbergh



