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Abstract.-This paper examines some optical properties of isotropjistals, as well as the critical reflection of light,
from the perspective of fierent inertial reference frames in relative motion. Thelysig proves several breaks of
Lorentz symmetry in optical crystallography and generaiosp It also demonstrates there is no other relativistiadte

tive to Lorentz transformation able to give a solution to gpineblems posed by Lorentz transformation in the scenario
of optics and optical crystallography. The conclusionshefarguments point to the convenience of considering a new
discrete paradigm for the spacetime continuum in whichahi other problems could find a solution.

1.-CONVENTIONS

All reference frames (frames hereafter) will be assumedttmertial framesRF, will denote the proper frame of any object
or observer at rest in that framRF, will denote a frame whose axes coincide with the correspanakes oRF, at a certain
instant, and from whose perspectR&, moves at a uniform velocity = kc, (wherec is the speed of light in a vacuum, and
0 < k < 1), beingv parallel to the axiX,. The axes in the plangY of RF, andRF, will be denoted respectively b, Y
andX,, Y,. Lengths, times and refractive indices measureld g andRF, will be respectively sub-indexed liyandv. As
usual,o will also sub-index the magnetic permeability and the elegtermittivity of a vacuum, which are universal constant
with the same value in all frames. Expressions Rde&,-time, RF,-length, etc. will always indicate that the corresponding
time, length, etc. have been measured respectivaRFnor RF,. The absolute value of a magnitugevill be denoted, as
usual, byx|. Lorentz transformation will be denoted by LT. The term ‘baty” will be used to refer to the module of the
vector velocity, i.e. as a synonym of (physical) speed. skherwise indicated, all materials will be assumed paret
and optically isotropic, and light will always be polarizadd of the same wavelength.

2.-THE REFRACTIVE INDEX
Maxwell's equations of electromagnetism lead almost imiatedy to the wave equation for electric field—E>)( and for
magnetic fields@):

o 62|—E)_ = B
V°E =ﬂo€oﬁ, VB =#0€oﬁ (1)

whereV? is the Laplacian (a second ordeifdrential operator)y, is the magnetic permeability of a vacuum (magnetic
constantu, = 1.2566x 10°° H/m), ande, is the electric permittivity of a vacuum (electric constagt = 8.854x 1072
F/m) Both, u, ande,, are universal constants. The magnetic permeability is@some of the magnetization of a medium in
response to a magnetic field. The electric permeability iasure of the electric distortion of a medium in responseato a
electric field. Comparing (1) with the standard form of a wageation:

vy 1Y )
2 9%

it can be immediately inferred, as Maxwell did, that:

v = (uoeo) 2 (3)
= (47 x 10 'mKgC 2 x 8.8541878« 10 12C2s?K g tm3)~1/2 (4)
= 299792458Km/s (5)

is the speed of the electromagnetic waves, that coincidégstive speed of light in a vacuum (free space). As Maxwell
suggested, and we now know well, light is a set of electroraigwaves. Evidently, as an algebraic combination of usiak
constants,/oeo) /2, the speed of light in a vacuum is also a universal constant. On the dilaed, each materiah has its
own magnetic permeability,, and its own electric permittivity,,, usually greater than those of the vacuum. Light travels
through a transparent mediumwith a speed less tharc given by:

1
VHmEm

V=

(6)
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The relative magnetic permeability, = um/uo and the relative electric permittivitsf, = em/e, are frequently used in the
place ofuy, anden. They represent the extent to which the corresponding madsepermeability and permittivity exceed
those of free space. These relative magnitudes allow usite:wr

1 1 1 1 C C
U = = = = = -
VHmém  Viilo€nEo  VHmén VHo€o  VimEn N

wheren = +/u/ €, = c/vis the refractive index afn. With respect to their optical properties, ordinary matm be isotropic
or anisotropic. Crystalline solids, except those of thenistric (cubic) system of symmetry, are anisotropic wittpezs to
the index of refraction: the index of refraction varies widtihection. In the case of isotropic materials the index éfaetion
does not change with direction. All crystals, whether igpit or anisotropic, show what could be callgalar isotropy for
any given directiorAB through the crystal, the index of refraction is the same wiggrt moves fromA to B as when it does
from B to A.

As light crosses from a materiak of refractive indexny; into another materiain, of refractive indexn; its velocity
changes. As a consequence, the wavefront deviates itstbgjeand the rays of light bend at the interface between both
media. This phenomenon is the familiar refraction of lighg reason for which a rod partially and obliquely submerged
in water seems to be bent just at the interface between aiwatet. The refraction of light follows Snell's Law, a simple
algebraic expression that relates the angles of incidahemd of refractionn) with the refractive indexesf,, n,z) of the
materials through which light propagates:

(7)

Singi ¢/Nox _ Nop

- = = 8
sing.  c/Ng;  No1 ©
If my is a vacuum, theny; = 1 the refractive index ofiy, is:
sing,
Ne2 = — 9
02 sind, ( )

The discussion that follows analyzes the refractive indesatropic crystals from a relativistic point of view thadmrsider
the following three alternatives:

A: The refractive index only makes sense in the proper frafrieeocorresponding isotropic medium, so that it can only
be measured at rest, in its proper frame.

B: The refractive index depend on relative motion and can basured in all frames.

C: The refractive index does not depend on relative moti@hcam be measured in all frames.

3.-CASE A: THE REFRACTIVE INDEX CAN ONLY BE MEASURED AT REST

Let ABbe a transparentisotropic rod of proper lenggiplaced parallel th&, axis of its rest fram&F,, and assume a photon
¢ movesthrough ABfrom its endA to its endB. Both, the lengthx, of ABand the timd, it takes¢ to go fromA to B inside
ABcan be measured RF,. If n, is the refractive index oAB, it can be written:

X C
= — = — 1
Co= T = (10)
NoXo
o= OC (11)

wherec, = X,/t, is the speed of the photanthroughAB measured irRF,; ny = ¢/(X/to) is the corresponding index of
refraction determined iRF,, and the speed af throughAB is simply defined as the ratio of the lengdB (or of any part
of AB) to the time the photo takes to traverse it, which is the physical definition of spfle p. 514]. Note that, is
also the speed af with respect tdRF,. In the frameRF,, from whichRF, moves parallel to th&, at the uniform velocity
v = kx 0 < k < 1, the lengthx, of ABand the timd, 4, it takesg to go fromA to B through ABcan also be measured by means
of the rulers and clocks d®F,. And they can also be deduced from LT. AsRifr,, and according to the same definition of
speed, the ratia,/t, is the speed,,, Of light through ABdetermined irRF,. And beingc universal, the rati@/c,qp is the
refractive indexn, of AB in the direction fromA to B and determined ilRF,. Now then, with respect t&F,, the photonyp
moves a distancg, + kct, at a speed which is the relativist sum of the spegdsndkc, both, the speed and the distance,
respectively greater than,, andx,. So, contrarily to what happens R, the speed,4, is not the speed af with respect
to RF,. And it is by this diference that this section is discussing on the possibilaydh, = X,/t,ap Were not the speed of
light throughAB, in spite of the fact that it is the ratio of a distancehrough an objectAB) to the timet,,;, it takes another
object @) to traverse it, i.e a speed according to the physical dafinidf speed.

So, we are not dealing here with a case in which a set of measuts is being referred to a moving frame, becayse
andt,,, are measured and referredRé&, by observers at rest iRF,. What is being discussed is if the ratio of the distance
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X, to the timet,,p, legitimately observed and measurediiR,, is not the speed of an object through another object simply
because it is not at the same time the speed of the first olecphotonp) with respect tdRF,. Now then, if the definition

of speed through an objecily holds for objects observed at rest, this restrictioousth be explicitly declared in both the
physical definition of speed and the First Principle of iieigt the laws of physics are the same in all frames, unléss t
involved speeds are speeds through objects in relativeomoRvidently, according to this restriction of the Firstrieiple

of relativity, certain physical phenomena as the reflectiothe refraction of light moving through two transparentdiag

air and water for instance, could only be examined and int¢eg in physical terms in the rest frame of the correspandin
transparent media. Obviously, this would make special ¢éiseframes compared with the moving ones. Therefore, on the
basis of the current physical definition of speed and theectistatement of the First Principle of relativity, it candssumed
that the ratio of the distance that an object moves througkhan object to the time elapsed in the trip is the velocityhef
first object through the second one, be this second objexttpin relative motion. As a consequence, the index of otifra,

be it or not a universal constant, could be measured in afiésa In the last section on conclusions it will be shortlyreised

the possibility of a discrete spacetime where the aboveaid&on would no longer make sense.

4.-CASE B: THE REFRACTIVE INDEX AS A RELATIVE CONSTANT

The refractive index of a crystal depends very closely omiernal structure, which in turns is a consequence of thsigh
ochemical laws driving the nucleation and growing of crigsteccording to their corresponding ionic (atomic or molacu
composition. As is well known for more than a century, andsastively confirmed by X-ray éraction and other experimen-
tal analysis, the internal structure of a crystalline nmatés essentially periodic in any spacial direction withire crystal:
in any of such directions there is the same density and typparticles and chemical bonds separated by its own repetiti
period (structural anisotropy), which is the same in eactheftwo senses of each considered direction within the akryst
Contrarily to what happens in anisotropic crystals, wheolanzed beam of light strikes an isotropic crystal, therbetes
not split into two polarized (ordinary and extraordinarggims, nor there is an alteration of its direction of polditra The
polarized beam passes through the crystal at a speed theidkepn the refractive index of the crystal, which is a ursakr
property for each isotropic mineral species. The trajgctdithe polarized beam is then deviated according to Sniediis,
because isotropic crystals obey Snell’s Law. In isotropystals (minerals of the isometric system), the refradiidex is
always the same for each mineral species and wavelengtlisegwvar be the angle of incidence.

That said, leA andB be two points within an isotropic crystil R of refractive index, in its rest framérF,. Whatsoever
be the direction of the straight lin&B joining A andB, light travels throughCR from A to B at the same speeq = c¢/no,
because, being an isotropic cryst&lR has the same refractive indey in all directions. AssuméB is placed parallel to
Xo, being its proper lengti,. In RF, a photony will travel from A to B, and fromB to A, in the same timé, given by:

— =2 (12)

From the perspective of the frarkdF,, the crystal CR moves at a uniform velocity = kc, 0 < k < 1, parallel toX,. We are
assuming in this section that it is possible to determinegfractive index of an isotropic crystal in relative motjide. that it
is possible to determine the speed of ligfitougha crystal in relative motion. This speed can only be the @tibe distance
a photon travelsvithin the crystal, for instance the length AB or of any part ofAB, to the time it takes in completing the
trip. In our case, the photop travels a horizontal distance 1, (the length ofAB at the relative velocitkc) for a time
t,ap- This timet,q, will be calculated in two dferent ways to test each other. In the first vigywill be calculated by simply
application of LT tot,, which is theRF,-interval of time between two eventg gtarts moving af, and¢ ends moving aB)
separated by a proper distanggin the direction of the relative motion. In the second wayyiit be calculated as the time
elapsed while traverses th&F,-distancey 1 x, + kct,ap at the speed resulting from the relativistic sunc i, andkc, which

is the speed ap with respect tdRF,. In the first case, and according to LT it holds:

Xoke
b = Yo + 25— (13)

=y (to + X%k) (24)

As noted abovet,y, is also the timep takes to traverse tHEFU-distancey’lx0 + kct,ap at theRF,-velocity ¢, resulting from
the relativistic sum o€/n, andkc, which is given by:
c/No+kc  (C+nokd)/ne  c(1+ oK) (15)
. keo/no  (No+K)/ne  no+k

C2

1
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In consequence, it can be written:

Y % + KChab (¥ %o + KCtap)(no + K)

bab = o k) L+ oK) (16)
no + Kk
Clian(L + NoK) = (¥ %o + KChab)(No + K) (17)
Clan(L + Nok) = ¥ 1xo(No + K) + KCtap(no + K) (18)
Clan(1 + Nok — Nok — k) = ¥ x%o(No + K) (19)
Clan(L — k%) = ¥ (Mo + K) (20)
Claby 2 =¥ Xo(No + K) (21)
K
=222+ 5] @2)

which coincides with (14). Therefore,df,, denotes the speed of light when going frénto B through ICR and measured
in RF,, it can be written:

-1 -2 -2 o(1 - K2
P . T A S < ) (24)
( Xok) to K n k no + Kk
ro+=2) oS ot
Xo C c ¢

In RF, the refractive index,4, of ICRin the direction fromA to B is, therefore:
c

MNab= ————— 25

ab C(l—kz) ( )
no + Kk
_No+k

T 1-k2 (26)

Let us now assume the photgpmmoves in the same directiohB parallel toX, but in the opposite sense, i.e. frddto A.
From the perspective ¢tF, it can be written:

C X
- -2 27
e (27)
Denoting byt,pa the RF,-time ¢ takes to go fronB to A throughAB, it can be written foRF,:
XoKC
tvba = 'yto - ’YT (28)
XoK
=y (to - T) (29)

The timet,y, is also the timep takes to traverse thFU-distancey‘lx0 — kctpa at theRF,-velocity ¢, resulting from the
relativistic sum ofc/n, andkc, now in the same direction but in opposite senses, whichvengby:
c/ny — ke (c—nekd)/ny  c(1-nek)
’_ - = 30
C 1- kce/ng (no — K)/ng no — k (30)
CZ

In consequence, it can be written:

Y "X —KCtba ("X — KChia)(No — K)

liba = c(l-nk) c(1 - nok) (31)
no — k
Clpa(l — Nok) = (771X0 — Kctpa)(No — K) = 771%(n0 — K) — kCtypa(no — K) (32)

Clpa(1 — Nok + k(no — K)) = 7_1Xo(no -K) (33)
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Clypa(1 — Nok + Nok — k2) = Yilxo(no -K) (34)

Cliva(1 = k%) = ¥ %o(No — K) (35)

C'[uba)’_2 = Y_lxo(no -K) (36)
n k

ton =222+ 52| @)

_ y(to ; '%o) (38)

which coincides with (29). Therefore,dfp, denotes the speed of light when going fr@&to A through ICR and measured
in RF,, it can be written:

-1 -2 -2 o(l - k2
U e N A A ( ) (39)
f XKy L kone kono-k
°"%C) % ¢ ¢ ¢
In RF, the refractive index,p; of ICRin the direction fromB to A is, therefore:
c no — K
Nyba = = 40
ba C(l—kz) 1_kK2 ( )
no — k

which is diferent fromn,y,, and the dference increases with(Figure 1). So then, according to LT, light travels through

A
12,5 Nyab/Nyba T T

\

0.1 0.3 0.5 0.7 0.9
k

Fig. 1 - Left: the relative refractive indicasa, andn,pa and the ratio between them in terms of the relative veloasfficientk and the refractive
index at rest, = 1.5 (note thain,ap can be several times greater thgg,) Note that polar anisotropy increases exponentially vetative velocity.
Right: Surface of,ap in terms ofn, andk.

an isotropic crystal at efierent speeds in each sense (frérto B, and fromB to A) of the same directioAB. Let us call
polar anisotropyto this relativistic anisotropy of the refractive index. Bigure 1 shows, this polar anisotropy is far from
being infinitesimal: the refractive index in one of the sengkthe same direction can be several times greater thamthe o
in the other sense. The problem is that all of our empiricdl uieoretical knowledge in the field of optical crystallogng
indicates such a polar anisotropy does not exist in the rastd of crystals, whether isotropic or anisotropic, nohesethe
infinitesimal scale compatible with experimental detattio

Let us now consider the general case in whidhavels through the isotropic cryst@R in any directionDE that makes
an anglew,, 0° < ao < 360, with the axisX, of RF, (hereafter directiom,). SincelCR s isotropic, the refractive index in
the directionDE will continue to ben,. Assumep moves a distancle, throughlCR whose respective horizontal and vertical
components arg, andy, respectively parallel t&X, andY,. In RF, it holds:

c h Xo

Lo % 41
No 1o ol COSEo)l (1)
to no

R — 42
Xo €l cos@o)l (42)

From the perspective of the franRF,, ¢ moves througHCR a distanceh, for a timet,, beingy x, andy, respectively
the horizontal (parallel t&,) and vertical (parallel t&y,) components ofy,. The double sigr: is used because the LT term
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yxoke/c? (difference in phase synchronization) is positive in the dioeatif the relative motion (increasing and negative
in the opposite one. Since the sign of eag(changes in the same way,will opportunely replaced with-. Thus, from the
perspective oRF, it can be written:

h V28 +y3 Wy 2+tarf(ar) | Vy 2+ tar(ao) 43)

b yXoke o 7K b, ok

YoE T2 " ¢ Thicos@o) T ¢

- «/7*:]+tan(ao)k _ 7x/y‘zztanz(ozo) (44)
"geosea) “7c ¢ (I cos@o)l - k)

_ Ccyy2+tarf(ao) ¢ cosfro)l Y1 - K2 + tarf(ao) 45

B (no + kcos@o)) B ¥(No + kCOS(o)) (45)

| cosio)|

cl cosfo)| Vse&(ao) — k2 c|cosio)| vV1/ coF(ao) — k2

= = (46)

¥(No + kcoso)) ¥(No + COS(o)

_ cv1-k2co(ao) (47)

v(no + kCoso)

Therefore, ifc,,, andn,,, denote respectively the speedgothroughlCR and the refractive index dCR, both in theRF,-
directiona,, which is related to th&®F,-directiona, through tang,) = y tan(,), it can be written:

h, 1-k2cog
© =Gy = b - S¥2 KOSl (48)
Nyq, t, v(no + KCOS(o)

_ v(No + Kk COS(o)) _ No + K COS(o) (49)
V1-kK2co(ao) +(1-Kk2)(1-k2co(ao))

va,

For the particular valueg, = 90° anda, = 270 it holds:

Moo = N270 = —2— = yn 50
90 270 ,—1 — k2 Yo ( )
t oy No = 1.5 i 12 Hence, in the vertical direction parallelYp, and only in it, there is
T no polar anisotropy. On the other hand, and as Figure 2riites,
1258 10 LT transforms any isotropic crystal into an anisotropic arese
birefringence (the dierence between the maximum and the mini-
10 g mum refractive index of a transparent material) can be (deipg
75 on the relative velocitkc) several times greater than the natural
rrrrr 6 birefringence of anisotropic minerals: the birefringeata highly
5 birefringent mineral as rutile is 0.287, while Figure 2 slsdvire-
————— 4 fringences thirty times greater than that of the rutile. rEhis no
way to explain such a fference in crystallographic terms. We
. 2 must conclude that LT transforms the proper world at rest in a
== world in which isotropic minerals cannot exist and all milsy
~ 3000 200°a0 - whether isotropic or anisotropic, exhibit a type of anispr until

now unknown in the physical world: polar anisotropy. We have
Fig. 2 — The anisotropy of an isotropic crystal in relative motiofproved that the refractive index,y, is greater than the refractive
according to LT (for an isotropic crystal of refractive_in@at rest index nya, Which means light travels throudICR faster in the
Mo = 1.5). Note that some of them can be more than six times greajgia ction fromB to A than in the direction fromA to B. If that
than other, which is hard to explain in terms of structural aptical . L
crystallography. unexpected polar anisotropy were real, related to the gierio- _
ternal structure ofCR, it would also be present but in the opposite
direction after rotatingCR 180°. But this is not what happens. What happen is that, dioapto LT, after rotatindCR light
travel faster now fromA to B than fromB to A. Polar anisotropy can only be, therefore, a mathematit#éheir unrelated
to the physical electromagnetic interactions betweert ighthe internal periodical structure of crystals drivihg speed
of light through them. And for the same reasons, the reitevimpossibility of isotropic crystals, of which we haveet
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highest empirical and theoretical evidence, can only betemanathematical artifact unrelated to the true electigmatic
interactions between light and isotropic minerals.

We could accept that a ruler may havéfelient lengths, one for each observer that observes fiexelt relative velocity
(though it is hard to believe that a ruler could have sim@tarsly an indefinite number offéérent lengths). But it seems
unacceptable that each mineral species has simultanesrustglefinite number of internal structures, one for eaclsiptes
relativistic observer, simply because a mineral can onlgrigeto one of the 230 spacial groups of symmetry (or to a few
number of them in the case of polymorphic minerals) definisgriternal structure, which are the consequences of the
physicochemical laws driving crystallogenesis. In itsntuthe internal structure of crystals are the responsibietfeir
electromagnetic interactions with light, which are ungadiattributes of each mineral species. And recall thaterdtrivation
of the anisotropic refractive index,, and its consequences have intervened not only Fitzgeraidritz contraction, but also
time dilation and, particularly important in the deductiohpolar anisotropy, the efierence in phase synchronization. LT
seems to transform the actual world into a deformed redldy ¢an only be apparent. And what is worse, an apparent world
whose appearance disagrees with the known laws of strlietudaoptical crystallography.

The above results have been deduced from the initial hypisthigat the refractive indexes of transparent media are not
universal constants, as is the case of the refractive infléree space, but relative constants whose relative valaasbe
determined in relative motion. Under this hypothesis, L$ haen proved to be inappropriate. So, to end this sectibasle
ask for another relativistic transformatiorfigrent form LT that could be compatible with the laws of opt@gstallography.

As we know, LT includes one functional factor for convertinetween relative lengths in the direction of relative motio
and two functional factors for converting between relativges, including the dferences in phase synchronization in both
senses of the direction of relative motion, the three of tdepending exclusively on the relative velocity fadtohe length
functional factorL (k) immediately follows from:

VX 1% =7 % = VI-K2X (51)
LK) = VI-K (52)

In our case, the functional factofigy(k) and Tya(K) are immediately derived from LT. Indeed, consider a phataving
through free space and so thaRi, it travels from the end\ to the endB of a rest rulerAB of proper lengthx, and parallel
to the axisX,. In RF, the photon lasts the same timyein going fromA to B as in going fromB to A, t,. According to LT,
things are not that way iRF,:

kc kcc
tap = Yo + ? CZX) =yl + Y 2 b =y(1+Kto (53)
kcx keet,
tba = ylo — y? =ylo — )/T =y(1-K)to (54)
So that:
1+k
Tl = ——5 (55)
1-k
Toa(K) = (56)
T Vice

As could not be otherwiseln(K) # Tpa(K). And it cannot be otherwise because from the perspectiRFpfthe photon
travels diferent distances when going frofto B (L(K)x, + kct,) and when going fronB to A (L(K)X, — kct,), while the
speed of light is the same in both cases (Second Principle of Relativitg)inAhe case of LT, the new transformation we are
asking for, must have at least one functional fatit{k) for converting between relative lengths, and two funaidactors
T2p(K) andT((K) for converting between relative times. In the case of trevalphoton moving througlCR from A to Bwe

would have: i .
CLRx LK)

= = 57
b= T Tl &7)
According to (12)1,/X% = Ne/C, SO that:
L*(k) clr(k)
Cuab = = 58
T T (Kno/c NoT (K (58)
CoabNo T ap(K) = cL*(K) (59)
clr(k)
T (K) = 60
ab() Cyablo ( )
Nyab | .
Tao) = T2 (R (61)
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In the case of the above photon moving throl@R from B to A we would have:

UM% LK L*(K) cL*(K)

G0 = T 0~ T/~ Tono/C ~ MaTo(®) (62)

CibaNoTa(K) = cL*(K) (63)
o el

T (K) = 64
ba( ) Cybalo ( )

Tok) = 2L W) (65)

According to (61)-(65), and being polar anisotropy theioedly and experimentally impossible, we would gej,(k) =
T;a(K), VK, which goes against the Second Principle of relativity, eted above.

Let us end this section by summarizing its main results. Some the refractive index is a relative constant in isotropi
minerals that can be measured in relative motion has thedoly unacceptable consequences:

1.-Isotropic crystals show polar anisotropy, which is impatible with all of our theoretical and experimental
knowledge in optical and structural crystallography.

2.-Isotropic crystals, of whose existence we have the Isigtheoretical and empirical evidence, cannot exist in
relative motion.

3.-Some universal properties of isotropic crystals, a# tiespective refractive indexes, become non-universal
thanks to LT.

4-.-There is no relativistic alternative to LT able to ragothe above optical conflicts.

5.-Casg C: THE REFRACTIVE INDEX AS A UNIVERSAL CONSTANT

This section assumes that the magnetic permeabilitand the electric permittivitg,, of any transparent medium are
universal constants, as is the case of the magnetic perlityaiand electric permittivitye, of a vacuum (free space). In
these conditions, and considering that any algebraic coatibin of universal constants is also a universal constazdn be

written:
€ =1/ +uoco
Hm = Hm/Ho .
, are universal constants
€n = €m/ €

Thus, to assume the refractive index of an isotropic medaienuniversal constant is a logical consequence of assuising i
magnetic permeability and its electric permittivity aréuamsal constants. Assuming that this is the case, the nestission
analyzes, from arelativistic point of view, the criticalda of reflection, the minimal angle of incidence at whichitiieaction

of light between two isotropic media ceases to occur andigilt Is internally reflected.

When light crosses from a isotropic material of refractimdexn,; into another isotropic material of a less refractive
index ny,, the angle of incidence is less than the angle of refractids.the angle of incidence increases the angle of
refraction approaches to 90°. There is a critical angle @fienced. (0° < 6 < 90°) for which the refracted angle is just 90°.
Over this critical angle no refraction occurs and all incideays are reflected. Let us calitical reflectionto the reflection
of light when the incident angle is just the critical anglee Will examine the critical reflection of light from the peespive
of two inertial reference frames that move relative to edtteio LetRF, be the proper frame ofy andmy,, two isotropic
transparent materials whose refractive indices are régpBcn,; andne,, beingng > ngy. The critical angle of incidence is
immediately deduced from Snell's Law: it is the angle of dericed. for which the refracted angle is 90°:

sSing: Ny

infe _ Moo 66
sin90  ng (66)
SiNf; = N2/ No1 (67)
0. = arcsingz/Noy (68)

Assuming the refractive indices of isotropic transpareatiia are universal constants, any algebraic combinatitirenfi, as
No2/No1, IS @lso a universal constant. In consequence, the criivgled. (0°< 6 < 90°) is a universal constant for any two
given isotropic transparent materials. Assume thajra laser beam is emitted inclined to the Normal by the criticajle
0.. The critical reflection occurs and a visible light is emtittey a critical sensor placed at the appropriate verticahdise



Breaks of Lorentz-symmetry in Optical Crystallography 9

yo1 (Figure 3). Assume also a photon of the critical incidentlests a timet, in traversing the distande, at its velocity
C1 = C/Nng; throughmy. We can write:

c h
CO = — = —0 (69)
No1 to
A A
Y
0 RF, critical Yy RFy
= reflection
E sensor
o
m,, N, z
my, N,
e LA
P~ L Yo ) ec Y=Yo
5
S
Xo [ ] Xg Xy [] Xv

Fig. 3 Reflection of light at the critical angle for the isotropiarisparent materiatsy andm in RF, (top) and inRF, (bottom). In both cases a
critical sensor emits a visible light if, and only if, thetaral reflection takes place.

From the perspective &F, it can be written:

N, =N
S =>C,,=£=L=CO (70)
c universal constant N1 No1
Yo = Yo
= = 71
6. universal consta}t % =% (71)
Yo = y"} = h,=h, (72)
Xy = Xo
h, = ho
>t =t (73)
C =Co

In consequence, and according to (71) and (73), LT functi@ctors for lengthd. (k) and LT functional factor for time$ (k)
(52)-(55) must hold:

Vke(0,1): LK = Vi-K=1; T(K) = \/11+_kk2 =1 (74)

which is impossible except K = 0, i.e. at rest with respect ®F,. And for the same reasons, the corresponding length and
time factorsL* (k) andT *(k) of any other relativistic transformation alternative fg Imust also verify:

Vke (0,1): LK) =T*(K) =1 (75)

which means that, under the assumption that the refractiexies of transparent media are universal constants,¢hermt
be changes neither in lengths nor in times when measured difierent frames in relative motion, if the corresponding
transformation is compatible with the critical reflectioiight.

6.-CoNCLUSIONS

By assuming the index of refraction is a relative constapedeling on relative motion, it has been proved that LT ingptiee
relativistic existence of an impossible polar anisotropywll as the impossibility of transparent isotropic matkstiwhich
also goes against our theoretical and empirical evidergarding the optical behaviour of isometric minerals. Weéhav
then assumed the alternative assumption, according tdwthécrefractive index is a universal constant for each parent
crystalline material. The corresponding discussion haseat that LT cannot account for the critical reflection ohligvhen
observed in relative uniform motion, which is another enidereak of Lorentz symmetry. The results of both discussgm
far beyond the breaking of Lorentz symmetry. They provedligno other relativistic alternative to explain the conséatl
optical properties, of which we have the highest theorktiod experimental support. We would have to conclude that, a
least with respect to these optical properties, the pragst)(frame of the transparent materials interacting vigthtlis not
equivalent to other frames in relative uniform motion. A clusion that put to the test the Principle of Relativity miéurrent
version.

The special theory of relativity is a theory on the spacetooatinuum, but space and time could be discontinuous,
discrete, made of indivisible minima, as is the case of mattel energy. It is convenient to recall at this point that the
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continuumis a set theoretical object built on one of the most contri@ebypothesis in history, the hypothesis of the actual
infinity (subsumed into the Axiom of Infinity founding modesat theories), according to which, and to put it into colliadju
terms, the list of the natural numbers exists as a compl&htyan spite of the fact that no last number complete tee [The
alternative hypothesis of the potential infinity -it is alyggpossible to count a number greater than any given numiniethé
complete list of numbers does not actually exist- does ns¢ide the attention of contemporary mathematics, whose mai
stream is infinitist even in the more pure teoplatonic seR&gsics should not depend on the consistency of a set ticadret
axiom that could be inconsistent (for its shortness, | recemd to take a glance #tis prooj.

Other aspects of our knowledge of reality also point to theemite nature of both space and time. In this regard, it
is worth noting that the factor for converting between comtius and discrete geometries has the algebraic form of the
relativistic Lorentz’s factow, of capital importance in LT. So, ironic as it may be, the ttyeaf special relativity could be a
theory on the inconsistent spacetime continuum, whosergmpatal support comes from an unexpected algebraic oglati
between discrete and continuous geometries. The disaterpietation of nature, including space and time, hasrafgignt
number of advantages (s@¢. One of the most relevant is that, contrarily to the poiritthe spacetime continuum, which
are primitive concepts devoid of physical meaning, thevisile units of space and time would be physical elementh®f
physical world plenty of physical meaning. This physicdirfa of indivisible units of space and time would be the attua
scenario where all physical phenomena takes place, bding thlem subjected to the same physical laws. Although these
physical phenomena could be also be referred to abstramerefe frames, these abstract frames could only be defined in
agreement with the absolute character of the physical winrttliding its discrete fabric of space and time.
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