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Abstract.-This paper discusses the role of Lorentz transformatiotwp inconsistent changes in the velocity of a
photon moving through a standard fluid each time the photoefliscted by a mirror inside the fluid, being the fluid at
rest in its container and the container observed at restrandiform relative motion.

1.-CoNVENTIONS

All reference frames (frames hereafter) will be assumedetmbrtial. RF, will denote the frame of any object or observer
at rest in that frameRF, will denote another frame in relative motion with respecRiB,, whose axes coincide with the
corresponding axes &F, at a certain instant. The axes in the platéof RF, andRF, will be denoted respectively b,

Y, andX,, Y,. From the perspective &F,, RF, will be assumed to move at a uniform velocitparallel toX, and such that

v = ke, 0 < k < 1, wherec is the speed of light in a vacuum. Lengths, times and refradtidices measured RF, andRF,
will be respectively sub-indexed lyandov. Lorentz transformation will be denoted by LT. And, unlesiseswise indicated,
the term "velocity” will be used to refer to the module of thector velocity, i.e. as a synonym of speed.

2.-DOUBLE RELATIVITY

At the beginning of this century, Amelino Camelia proposesblution [3] to the problem of the incompatibility of LT with
the character of universal constants of Planck length aaddRItime, a solution now known as Doubly Special Relatpgty
called because it includes a minimum length and a maximunggrae universal constants (apart from a maximum velocity).
Though the theory was not enthusiastically received [ [&], [IL], [4]], it is a well known relativistic refinement assiated
with its original name (it is also associated with the namefobmed Special Relativity and Extra Special Relativitl)is

for this reason that | would like to stress the discussiom fibidows has nothing to do with Doubly Special Relativitytb

it is a discussion on an aspect of the special relativity shauld be termed Double Relativity. Indeed, the discustian
follows deals with objects that move inside (through) otblejects that in turn are in relative motion with respect @iert
frames, but focusing the attention on the relative motiotheffirst objects with respect to second ones. For instaree th
motion of a photon through a transparent media at rest imitsagner while the container moves relative to a given frame
RF,. The calculation of the velocity of the first object with regpto the framédRF, is a classical relativistic problem, but it
is not the problem we are here interested in. Here, we areeste in the velocity of the first object with respect to seto
one calculated by means of the rulers and the cloclrf or by making an appropriate use of LT.

A key concept in the discussion that follows will be the cqtaaf velocity: the ratio of the distance an object traverses
to the time taken [6, p. 514]. Though in our case the distancebe a moving distance, for example the distance an object
O traverses inside a second obj€xtin relative motion. But, moving as it may be, it will always bdixed distance; for
example, the length of the traversed obj@st A distance that can be calculated according to all rekttivirequirements
within a frame, for instanc®F,, respect to which both objects move. Obviously, the veyozitO; throughOs is different
from the velocity ofO; with respect taRF,, which is the relativistic sum of the velocity @, with respect taO,, plus the
velocity of O, with respect tdRF,. The distanc®; traverses throug®, (for example the length dd,) is also diferent from
the distanc®; traverses with respect ®F,. Indeed, the distand®; traverses with respect ®F, is the sum of the distance
O, traverses througl, plus the distanc®, moves with respect t&F, while O; completes its trip thougl, (whenever
0O; andO; move along parallel trajectories). Obvious as it may seémvilli be proved the time elapsed while traversing
both distances is the same and equal to the time given by Lihéosecond of them. On the other hand, if the definition of
speed through an objecinly holds for objects observed at rest, taghocrestriction should be explicitly declared in both
the physical definition of speed and the First Principle tdtreity: the laws of physics are the same in all frames, sslthe
involved speeds are speeds through objects in relativeomokvidently, according to this restriction of the Firstrieiple
of relativity, certain physical phenomena as the reflectiothe refraction of light moving through two transparentdiae
air and water for instance, could only be examined and int¢eg in physical terms in the rest frame of the correspandin
transparent media.

3.-THE SceNARIO OF THE DiscussioN

This section defines and prepares the scenario for the discuthat will be developed in the next section: the analystee
speed of a photon through a standard fliald of refractive index, > 1 (for instance water at standard conditions) which is
atrestin a containeZ O, in turn at rest in a framBF, that moves relative to another fraR&,. As Figures 1 illustrates, the
containelCO of our discussion has a square section whose sides are jplarattl to the axi¥, andY, of its rest frameRF,.
COis equipped with a laser sourt& and a laser detectdtD on its left side, where they can be adjusted. For the present
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Fig. 1 — A section parallel to the plank,Y, of the standard fluid=L within its containerCO in its rest frameRF, (left) and in the frameRF,
(right), in which it its parallel to the plank,Y,. LS adjustable laser sourceB1, LB2 andLB3 mutually orthogonal parts of the visible laser beam
trajectory; M1 andM2 adjustable mirrord;.D adjustable laser detector.

discussionL.S will be assumed to emit a visible laser beall parallel toX, and so that it impacts on an adjustable mirror
M1 that reflects it in a ray.B2 perpendicular to the incidehBl, i.e LB2 is parallel toY,. This rayLB2 reaches a second
adjustable mirroM2 that reflects it in a third raB3 perpendicular td.B2, and then parallel t&,. Finally, LB3 impacts
on an the detectdrD which emits an appropriate signal visible in all frames, thiee at rest or in relative motion. The laser
sourcelS, the mirrorsM1 andM2 and the laser detectaD are adjusted in their rest frankF, in such a way that:

1. The trajectorie$\,B, andC,D, respectively oL.B1 andLB3 are parallel to{, and have the same length
2. The trajectonB,C, of LB2 is parallel toY, and has a length, = X,.

According to the above established conventidr®ig, is a frame that coincides at a certain instant virtf,, and from whose
perspectivdRF, moves parallel tS, at a velocityy = k¢, 0 < k < 1. Therefore, and according to LT, from the perspective of
RF,:

1. The trajectorie®\,B, andC,D, respectively ofLB1 andLB3 are parallel toX, and have the same length = X, =
Y .
2. The trajectonB,C, of LB2 is parallel toY, and has a length, = yo = Xo.

The next section analyses the speed of a photon of the lagerlb® moving through the fluid=L, which, being a standard
fluid, is an amorphous (non-crystalline) material and thsstropic with respect to the refractive index: the refraetndex
n, of FL is the same in all directions through which light moves. Ootiher words, light moves with the same velocity in
all directions through~L, a conclusion of which we have the highest theoretical angiéeal evidence. In particular, we
will analyze the velocity of a photoa of the laser beaniB throughFL from the perspective of botRF, andRF,. But
while the velocityc/n, of ¢ throughFL is the same as the velocity gfwith respect tdRF,, the velocity ofg throughFL is
different from the velocity of with respect tdRF,, which is the relativistic sum of the velocity/n, and the velocitykc of
the containe€O, and then of-L, with respect tdRF,.

According to the definition of velocity (scalar velocity, module of the vector velocity), the velocity of a photon tingt
FL is the ratio of the traversed distance throdghto the time the photon takes to traverse it. Both magnitutiesjistance
and the time, can be measuredRir, and inRF, with their respective clocks and rulers. The distances aredsin both
frames can be directly transformed into each other by LT;taadimes the photon travels through in RF, and inRF, will
be proved to be the same as the respective times the photeistrath respect t&RF, and toRF, (obvious as it may seem,
it must be proved). IiRF, a photon of the laser beahB always moves frond\, to B,; then fromB, to C,; and then from
Co to Do. In RF, the same photon always moves frégto B,; then fromB, to C,; and then fronC, to D,. According to the
adjustments ifRF,, it holds

AoB, = CoDy = %o 1)
BoCo = yo ()
Xo = Yo (3)



Double Relativity: An Inconsistent reflection of light 3

In RF,, and according to LT, it holds:

AB, = X1 =7 % 4
BUCU =Yy =Yoo= Xo (5)
Cv Dv = X2 = 771X0 (6)

SinceRF, andRF, are inertial reference frames, no force acts on them so 148 and (4)-(6) hold wile performing all
observations and measurements, and they are constantctoreative uniform velocity. They are, then, the distanae
photon traversethrough FLwhen going respectively from the souics to the mirrorM1, from the mirrorM1 to the mirror
M2, and from the mirroM2 to the detectot.D. Obviously, these distances ardfdient from the distances the photon
traverses with respect ®F,, as will be shown later.

With respect to time, and considering the isotropic natdr&lo, light travels through=L at the same velocity in all
directions. So, irRF, a photon of the laser beahB takes the same tintg to go fromA, to B, as to go fromB, to C, as to
go fromC, to Dy, i.e. it lasts a time §§ to go fromA, to D, through a distanceX3. In the case oRF,, and denoting by,
t.pc andt,cq the respective times a photon takes to go feyno B, from B, to C, and fromC, to D, (times between the events
start moving a#A,-end atB,;start moving aB,-end atC,; start moving aC,-end atD,), all of them of the same duratidgin
RF,, LT gives:

tn = 710 + 25 )
~ [+ %) ®)
tioe = Yo 9)
too = 10— 25 (10
:y@_%g (11)

Hence, inRF, a photon ofLB lasts a time 3t, in going fromA, to D,. The problem is that iiRF, the photon moves through
FL a distance that is not31x,, but (1+ 2y 1)x,, which is related to the problem the next section examines.

Unnecessary as it may seem, it will be proved now the tjgaex photon travels at a velocityn, throughFL when going
from A, to B,, is the same as the tinigit lasts in traversing the distan@gB, + kct, at the velocityc, with respect taRF,,
which is the velocity resulting from the relativistic sumtbg velocitiex/n, andkc, which is given by:

c ke C+ Ngkc
c - o _ ng 1+ nok) (12)
v keo/ne ~ nNo+k — ng+k
1+ >
C no
In consequence, it can be written:
_ ¥ o +Ketap _ (%o + KChan) (Mo + K)
toab = = (13)
c(1 + nok) c(1 + nok)
no + Kk
Clan(1 + Nok) = (¥~ *Xo + KChan) (No + k) (14)
Clan(1 + Nok) = ¥ Xo(Mo + K) + KCtan(No + K) (15)
Clap(1 + Nok — Nok — k2) = 771%(n0 +K) (16)
Clan(1 - k%) = 7 Xo(o + K) 17)
Clany > =7 Xo(No + K) (18)
NoXo | kX%
tyab = — 19
w=y( 24 5] (19)
And beingc/ng = Xo/to:
k
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that coincides with (8). For the case tf. in which the photon moves at a velocityn, parallel toY,, while the relative
velocitykcis parallel toX,, we will have a vector velocitg, whose components result from the relativistic sum of thearsc
(kc, 0,0) and (Qc/no, 0):

1 C

- | O+kc Y No y'0
G = kcx 0’ kcx 0’ kcx 0 =0 (21)
1+ > 1+ > 1+ >
c c C
= (ke y'c/no, 0) (22)

whose module, is

G

B n2c?k? +y2c® ¢ — C
\/k202+y2 \/7ng :n_o‘,nngerZ:n_o‘/nngJrl_kz (23)
¢ ieme -1
n— 1+ k2(n2 ) (24)

In this case, the photon moves with respedRig a distancel,:
d, = /K22 + y2 (25)

at the velocityc, given by (24). Hence, it holds:

lk2c2t2 2
kectd . + v

tUbC = C (26)
L ITRE-D)
No
ubc 2 (1 + kz(n 1)) = kzcztubc + yo (27)
ubc 2(1 + kz(n 1)) - nzkzcztubc + noyo (28)
(L + K2(ng — 1)) - ngk®) = ndy) (29)
vbcc (1 + I"I2|(2 k? - 2k2) = r10!/0 (30)
vbC (1-K) = no‘l/o (31)
thcCy 2 = Ny (32)
tubcc'yil = noyo (33)
NoYo Yo
= = — 4
tube Y c C/no (3 )
tibe = Ylo (35)

that coincides with (9). Finally, in the case of the trajegtS,D,, the velocityc/n, is parallel but in the opposite sensekaf

so that their relativistic sum is.
c . c - ngkc

Ny . ng _ c(1-nok)
G = keo/no ~ no—-k T ng—k (36)
1- 2
C No

and the distance with respectR¥, the photon traversesi§x, — kcteq. So then, it can be written:

Y% —KChea (Mo — K) (%o — KClcq)

oed = c(l-nk) c(1 - nok) (37)
no — k
Clicd(1 — Nok) = (Mo — K) (¥ %o — KClied) = (Mo — K)y % — (No — K)KCleq (38)

Clica(L — Nok + (Mo — K)K) = (Mo — K)y "% (39)
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Clied(L — Mok + Nok — k) = (No — K)y % (40)
Cled(1 - k) = (No — Ky %o (41)
Cledy ™2 = (Mo — Ky %o (42)
ten =222 - 2] 3)
And beingc/ng = Xo/to:
tan =10 - ) (44)
that coincides with (11)
105 4.-INCONSISTENT CHANGES OF VELOCITY

This section examines the velocity of a photoof the laser bearhB from

its emission by the sourdeS, which takes place at poirt, of RF, (A, in
RF,), to its detection by.D, which takes place at poid, of RF, (D, in
RF,). To begin with, recall that what will be examined here is ¥ecity

of a photon through a standard flukd. with a refractive index, > 1, for
instance watem, = 1.333) at standard conditions of pressure and temper-
ature (obviouslyf-L could be any other fluid at many other thermodynamic
conditions). As a standard fluiéL is an amorphous material, i.e. a ma-
terial without internal crystalline structure (withoutg-range order) and
whose molecules move randomly. In consequence they aremdpndlis-
tributed in its containe€ O, and the Law of Large Numbers ensures there is
the same number of them in any direction (structural isgtyopherefore,
the number and types of the electromagnetic interactiotvedsn light and
FL, responsible for the speed of the photon thro&dh are the same in
all directions. It is for this well known reason that fluideasotropic with
respect to the refractive index: the index of refractionhis same in all
directions along which light propagates through them, obsiy including
the two senses of each direction (the refractive index issttree in both
directions of any give direction even in anisotropic medi&jom the per-
spective oRF,, the photornp moves with the same velocityn, along the
three mutually orthogonal sections of its trajectotyB,, B,Co, andC,D,.
Things are quite dierent from the perspective &F,. Indeed, in the first
part of its trajectory, fromA, to B,, the photon travels with a velocityap
given by:

-1 -1
Y Xo Y
] = = 45
Cyed Cybc Cuab o kc to k ( )
7 (0] CZ 7 Xo c
0 -2 -2
C
=Y -7 (46)
0 0.2 0.4 0.6 0.8 1 ne Kk n. + k
k —+=- "
Cc
Fig. 2 — Top: the velocity of a photon throughL cal- 1-K2
culated fromRF, in each of its three mutually orthogonal =c (47)
trajectories. Bottom: Instantaneous changes of velaaitfe no + k

the photonp after each reflection, as observed fr&f,. ) . ) ) )
In the second part of its trajectoymoves with a velocity,,c given by:

Yo _Yo _ C _CVI-K

Cube = = =—-= 48
bc Yo ')’to Yo o ( )
And in the third part of its trajectory, froi@, to D,, ¢ moves with a velocity,.q given by:
-1 -1
Xo
Cea = —~ =7 (49)

L koR) o K
Yllo CZ yXo c
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-2 -2
Y _v°¢C
Thy Kk )
C
1-K2
= 1
Cno—k (51)

As Figure 2 (top) shows, the three velocities afedent from one another (recall we are using the word "veydéiir the
module of the vector velocity). And theftirences can be of several thousands of kilometers per séeoaa more than
150000 kilometers per second), as Figure 2 (bottom) showsohsequence, from the perspective of the fréthg the
photong changes instantaneously its velocity after each reflectut a simple reflection does not change the velocity of
the reflected photon, only the direction of its trajectoryniedified. And this is, in fact, what happens in the rest fradfg

of the containeCO. There are only two reason for which a photon freely movinguigh a standard fluid could change its
velocity:

1. An appropriate force acts on the photon.

2. The photon begins to move in a new direction through theimnedn which it travels faster because of a decrement of
the refractive index in that direction.

The problem is that none of them is the case. In fact, no footedaon¢ in any point of its trajectory, nor there are
special directions with less refractive indexes in the dgéad fluidF L through whichy moved. Notwithstandingj changed
instantaneously its velocity after each reflection. And @swiot an infinitesimal change, but one that could be of skvera
thousand of kilometers per second, depending of the relaglocity kc. It is worth noting that these acausal changes
are formal consequences of Fitzgerald-Lorentz contractime dilation and dference in phase synchronization (lack of
simultaneity), i.e. consequences of the whole LT.

5.-CoNCLUSIONS

The precedent section has proved the existence of unegglalmnges in the velocity of a photon moving freely through a
standard fluid when observed, via LT, in relative motion. @jes that are not random but regular: under the same camglitio
(the reflection of the photon by a mirror observed at the sagtative velocity) they always happens the same way. But
regular as they may be, they should not happen accordingtkrnbwn physical laws; they are incompatible with all of our
knowledge on changes of velocity. In addition they do notpeapin the rest frame of the mirrors that reflect the photons,
which makes them special frames, and then frames that pestéhte First Principle of relativity. It could be arguedtttie
world resulting from applying LT to a rest frame is only apgat;, unreal, as is unreal the bent of a rod partially and aklig
submerged in water. But even in such a case, the appearaecexansistent with the known physical laws, at least for
photons that are reflected by mirrors while moving freelptiyh standard fluids. In consequence, LT should not be used to
get physical conclusions on what happens in reference Bagerved in relative uniform motion, in the same way that th
observed bending of the rod partially submerged in wateulshoot be used to draw conclusions on the internal structure
of the rod. In short, LT gives an inconsistent descriptiorthaf motion of a photon through a fluid at rest in its container
when the container is observed in relative motion, whichhatvery least, limits the set of consistent observatioastan

be transformed by LT.
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