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In this review, we analyze some of the most important theoretical attempts to challenge

the invariance of the light speed postulated by the Special Theory of Relativity (STR).
Most of those studies, however, show that STR has great stability with respect to various

kinds of modifications in its axioms. This stability probably is due to the fact that in

these modifications there is no so much a violation of the physical postulate of the
invariance of the speed of light, as its mathematical expansion in the form of making

resort to a more general affine space. In these modifications, we refer to more general

transformation groups, including scale transformation of the speed of light and time
c′ = γc, t′ = γ−1t.
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1. Introduction

In 2005, the scientific community solemnly commemorated 100 years of the pub-

lication of the Special Theory of Relativity (STR) as a remarkable profit of the

human intellect.32,38 In relation to the fundamental character of this theory and

its enormous influence on the physical conception of the world, in general, in the

literature with enough regularity have arisen, arise and, as we suppose, in the fu-

ture will continue to arise, works that discuss its axiomatic and the perspective to

exist outside the STR borders. In this review, we will stop mainly in the works, in

which the possibility of the violation of the postulate of the invariance of the light

speed is studied. For pure mathematical simplicity we have denoted the magnitude

3× 1010 cm/sec with the symbol c0. By the symbol c, we understand that the light

speed can take a continuous spectrum of values.
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2. From Classical to Relativistic Physics

Ritz (1908), Comstock (1910), Kunz (1910) and Tolman (1910) deemed21,22 that

the Euclidian geometry is realized in nature, and that light speed is equal to

3× 1010 cm/sec only with respect to the emission source and that it does not de-

pend on the state of the transmitter medium. The theories based on this hypothesis

habitually denominate spill theories.21,22 In this case, light speed c from the moving

source is, according to the Galilean theorem of addition of speeds, the vector sum

of the light speed c0 from the motionless source and the speed of displacement of

the source v

c = c0 + v , (1)

In a systematic form, the version of the electrodynamics, based on the hypothesis

(1), was constructed by Ritz. In the Ritz theory, the second (Galileo-invariant31)

pair of Maxwell equations is conserved21,22

∇×E +
1

c0

∂H

∂t
= 0 , ∇ ·H = 0 , (2)

as a result of which, the electric field E and the magnetic one H can be expressed

by well-known form through the scalar potential ϕ and the vector potential A:

E = −∇ϕ− (1/c0)∂tA, H = ∇×A.21,22,29 In correspondence with the hypothesis

(1) the magnitudes ϕ and A are then, chosen in the form of retarded potentials21,22

ϕ(x, t) =

∫
%(x′, t′)

r
d3x′ A(x, t) =

∫
j(x′, t′)

r
d3x′ . (3)

Here, x = (x, y, z) is the observing point at the moment t, and x′ = (x′, y′, z′) is

the point of location of the electrical charge at the moment t′ = t− r/(c0 + vr),

% is the density of the charge, v its velocity, j = %v is the electrical current den-

sity, r =
√

(x− x′)2 + (y − y′)2 + (z − z′)2 is the length of the vector from the

observing point r to the point (x′, y′, z′) where the charge vr is the projection of

the charge velocity in the direction of the vector21,22 r, d3x′ = dx′ dy′ dz′ (in the

STR it would be16,22 t′ = t − r/c0). The Galileo-invariant spill theories explain

the Michelson–Morley experiment, but they have difficulties in the explanation of

the Fizeau experiment, and they do not agree with the results of the experiments

that study the influence of the velocity of movement of the emitter on the light

velocity. Difficulties also arise, in the explanation of the Doppler effect and for the

explanation of the interference process of the incident and reflected light beams.21,22

Approximately at the same time that the interpretation of the Michelson–Morley

experiment was being build up, another speed addition law was set out on the basis

of the motionless ether theory:21

c′ = c
√

1− V 2/c2 . (4)

Here, c′ is the light speed in the laboratory reference system K ′ that is fixed to the

interferometer moving with respect to the ether, V is the speed of translation of

the Earth with respect to ether K, and c is the light speed in the ether. Hereafter,
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we call the expression (4) as the Abraham’s formula. According to Abraham there

is no delay in the time and the possibility arises of discovering the Earth movement

with respect to the ether that means a violation of the principle of relativity.21

Thus, the formula of Abraham was rejected.

In 1961, the formula (4) was rediscovered once again by Rapier,63 who considered

the hypothesis of the existence of Lorentz-invariant completely entrained ether. The

accomplishment of the Rapier formula is obtained if, in the expression (4), the new

annotations c → Cxy, c′ → C are introduced, and then solving with respect to

the variable Cxy. In this case, the magnitude of the light speed in the reference

system, fixed in the ether, needs to be interpreted as a universal constant C, and

the expression 1/
√

1 + V 2/C2 = αxy as the coefficient of refraction of the ether.51,62

Then for the observer in the laboratory reference system the light speed is equal to

Cxy =
C

αxy
= C

√
1 + V 2/C2 . (5)

The refraction coefficient αxy, according to Rapier, reflects the kinematical charac-

teristics of the ether and corresponds to a certain modified principle of relativity.

In order to prove the validity of the expression (5), the author proposed to use

the Cherenkov effect supposing that in the case of the modified principle of rel-

ativity the cosine of the Cherenkov angle of radiation for an extreme-relativistic

particle will be equal to 1/n (n is the refraction coefficient of medium). In the STR

case it will be equal to zero.62 Furthermore, it was expected that the speed ad-

dition square-law (5) could be observed in radio-communication and astrophysical

phenomena in relation to superluminal movement when V →∞.62

In 1963, Romain63 obtained the violation of invariance of the light speed, start-

ing off from the condition of invariance of the null 4-interval in the cylindrical

coordinates system c′2 dt′2 − dx′2 − dr′2 − r′2 dθ′2 = 0 → c2 dt2 − dr2 − r2 dθ2 = 0

(the axis of symmetry is the x-axis).

x′ = α
x− V t√

1− β2
; r′ = αr ; θ′ = θ ; t′ =

α

γ

t− xV
c2√

1− β2
. (6)

Here, α, γ = c′/c, β = V/c are the group parameters, V is the speed of propagation

throughout the x-axis of the reference system K ′ with respect to K, furthermore,

limα = lim γ = 1 for V → 0. The author interprets the parameters α and γ as the

relation of the units of scale of the measurements, for example, if c′ = 1×109 km/h

and c = 3×1010 cm/sec, then formally c′ 6= c and γ = (1/3)×10−1 (km/cm)(sec/h).

This circumstance does not carry new physical phenomena, and can be eliminated

by using a standard system of units, where the length is measured in cm and the

time in sec. The proposed interpretation by Romain showed the inconsistency on the

attempts of the revision of the STR used by the president of the National Academy

of Sciences of Spain, Palacios60 on the basis of the election of the scale parameter

α in the form22 α =
√

1− β2 for γ = 1. Palacios (and many others) supposed

that the parametrization chosen by him, which goes back to the pioneering work
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of Voigt,71 allows to eliminate the relativistic effect of the time retardation and to

construct a theory, alternative to the STR, consequent and concordant with the

experiment.

Once again and for a third time, formula (4) appeared in publications in 2001.10

This time, the basis to study the condition of invariance was taking the 4-interval

in the form

s2 = c′2t′2 − x′2 − y′2 − z′2 = c2t2 − x2 − y2 − z2 = invariant , (7)

where the light speed c′ is constant but not necessarily equal to c. The transforma-

tion spacetime-light speed formulas were obtained, in agreement with the results of

Romańı,64 that conserve the expression (7)

x′ =
x− V t√
1− V 2

c2

; y′ = y ; z′ = z ;

t′ = γ−1
t− V x

c2√
1− V 2

c2

; c′ = γc .

(8)

The velocity addition theorem was formulated and the expression of the invariant

action integral was constructed. The invariance of Maxwell equations, and that of

the motion equations of charged particle in the electromagnetic field, with respect

to the induced transformations were proved. In addition, instead of the known

invariants of the STR (proper time, which we designated as t, the rest mass m0,

the Planck’s constant ~) new invariants of the theory are introduced: the product

ct, the energy of rest m0c
2, the product hc for the invariable properties of the

electrical charge e′ = e. The synchronization of clocks located in different places by

means of the transposition of a master chronometer was realized t(x) = t(0), where

K0 is a certain privileged reference system. One demonstrated that in this case,

c0 =
√

1− V 2/c2, and that if c′t′ = ct (t′ and t are proper time intervals), m′0c
′2 =

m0c
2, ~′c′ = ~c, e′ = e, then the magnitude γ = c′/c allows the interpretation of a

parameter of the scale transformations. So, the reformulated STR which is based

on the introduced invariants, explains the same set of experimental facts as the

STR.10

The transformation law for the light velocity in the Abraham’s form21 and

also the mathematical results of Ref. 10 have been reconstituted by many au-

thors, to some extent e.g. Loiseau,52,53 Di Jorio,43,44 Marinov,55 Hsu,41,42 Sjödin,69

Mamaev,18,19 Russo.67,68 From these fundamental researches, the ones by Hsu42,43

closely coincide with the work by Kotel’nikov.10 In those works, instead of the inte-

gral of the action cS,10 the action in the form S/c is chosen, where S is the action

of the STR type.16 Due to this choice invariants of the theory have been changed.

Instead of the rest energy m0c
2, the electric charge e, the product ~c rest mass m0,

the ratio of a charge to the light velocity e/c and the ratio of the Planck’s constant

to the light velocity ~/c became invariants. But this circumstance has not affected

1730033-4



November 3, 2017 14:10 MPLA S0217732317300336 page 5

On the violation of the light speed invariance

the gist of the researches. As well as the work10 the Hsu’s publications represent a

rejigger version of STR.42

In 1972, Kirzhnitz and Chechin6 in order to give an explanation of the anomaly

in the spectrum of the ultrahigh energetic cosmic rays (5×1019 eV) passed the limit

of the Lorentz-symmetry by mean of the change-over from the space of Minkowski

to the space of Finsler.66 These authors rewrote the well-known relativistic relation

E2 − c20p2 = m2c40 like E2 − c20p2 = m2c40/f(v2/c20), where v is the velocity of the

particle, and f(v2/c20) is the positive homogeneous function of the zero degree. Even-

tually, the moment and the energy take the form of = mv/
√

(1− v2/c20)f(v2/c20),

E = mc20/
√

(1− v2/c20)f(v2/c20) which becomes the formulae of STR when v � c0.

If v → c0, then the momentum and energy tend to infinity, but according to an-

other law than SRT. This was the explanation of the spectrum shape of cosmic

rays of ultrahigh energies. For us, in this work the example of the transition from

Minkowski to the Finsler space is important. Recall that in this space the element

of the arc is defined by the expression I =
∫ t2
t1
F (x, ẋ), where F is the function of

spatial variables x and their first derivatives with respect to the scalar parameter t;

F must be a positive defined homogeneous function of the first power of the vari-

able x: F (x, kẋ) = kF (x, ẋ), k > 0, or according to the well-known Euler’s theorem

ẋ(∂F/∂x) = F (x, ẋ). Besides, the condition F (x, ẋ) = F (x,−ẋ) must be satisfied.

If F (x, dx) =
√
gij(x)dxi dxj , F (x,−dx) = F (x, dx), and F (x, k dx) = kF (x, dx),

the Finsler space becomes the Riemann space which in turn goes into the Minkowski

space with gij = diag(+,−,−,−). Thus, in the Finsler space not only the coordi-

nates x in the metric coefficients are present, but also components of the velocity,

if the parameter t is interpreted as time. As a result, spatial–temporal transforma-

tions converting the metric in itself become more general: x′ = x′(x, ẋ) rather than

punctual ones, such as, in the Minkowski space6 x′ = x′(x). The set of points x′

correspond to the point with coordinates x depending on the values of the deriva-

tives ẋ. Accordingly, the theory formulated in such a space is modified.6

As another example, we will focus on the lectures of Logunov.17 In contrast

to the above-discussed works10,41,43,64,69 in which a violation of invariance of the

speed of light was carried out in the framework of the invariant relation c′t′ = ct

in the pseudo-orthogonal Minkowski space, in Ref. 17 the violation of invariance of

the speed of light is produced by the transition from the pseudo-orthogonal space

to the affine spacetime. As a result, it was shown that 4-interval of the Minkowski

space ds2 = c20 dT
2 − dX2 − dY 2 − dZ2 with the metric gik = diag(+,−,−,−),

i, k = 0, 1, 2, 3 by mean of the linear transformations

T = qx+ pt , X = ax+ bt , Y = y , Z = z , (9)

allows the mapping on the four-dimensional affine space with the metric

ds2 = g00

[
(dx0)2 −

(
c0
c1

+
c0
c2

)
dx0 dx1 +

c20
c1c2

(dx1)2

]
− (dx2)2 − (dx3)2 , (10)
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where x0,1,2,3 = (c0t, x, y, z), g00 = p2 − b2/c20; c1, c2 are the velocities of light in

the positive and negative directions of x-axis in the affine frame of reference which

we denote by KA. As it happens in the affine space, these velocities are different,

c1 6= c2. The values of c1 and c2 are associated with metric coefficients by means of

the relations

c1 = c0
−g01 +

√
g201 − g00g11
g11

; c2 = c0
−g01 −

√
g201 − g00g11
g11

. (11)

As a result, c1 + c2 = −2c0g01/g11, g01 = g10 = −g00c0(c1 + c2)/2c1c2, g02 = g20 =

g03 = g30 = 0, g11 = g00c
2
0/c1c2, g22 = g33 = −1. The affinity is manifested in the

difference of the angle between axis x0 = ct and axis x1 and 90◦. Indeed, following

Ref. 21 and introducing the direction vectors of the axes of the system KA in the

form e0 = (1, 0, 0, 0), e1 = (0, 1, 0, 0), e2 = (0, 0, 1, 0), e3 = (0, 0, 0, 1), we find that

cos(e0e1) = e0e1/
√
e20e

2
1 = g01/

√
g00g11 = −(c1 + c2)/2

√
c1c2 6= 0, where it is

considered that e1e2 = g01, e20 = g00, e21 = g11. Like the Lorentz transformations,

in the pseudo-orthogonal space in the affine space, there exist their analog which

are obtained by transmuting the square of the interval (10) into itself during a

transition to the variables t′, x′, y′, z′:

x′ =
x+ V t√

1 + V
c1

√
1 + V

c2

; y′ = y ; z′ = z ; t′ =

(
1 + V

c1
+ V

c2

)
t− V x

c1c2√
1 + V

c1

√
1 + V

c2

.

(12)

When c1 + c2 = 0, the affine metric transforms into the pseudo-orthogonal one; the

speed of light becomes an isotropic speed (c1 = −c2), the Logunov transformations

pass into the Lorentz ones. As a result, if one understands by the speed of light,

in an affine space, a mathematical speed (i.e. the coordinate speed by Logunov,

symbols17 c1 and c2), then the invariance violation c1 6= c2 in electrodynamics can

be accomplished without contradiction with experiments. The corresponding theory

is a reformulation of STR.

The transition to the nonlinear theory with broken invariance was implemented

by Fushchich.39 The corresponding equations are as follows:

1

c

∂E

∂t
= ∇×H ,

1

c

∂H

∂t
= −∇×E , ∇ ·E = 0 , ∇ ·H = 0 , (13)

where the propagation velocity of the electromagnetic field c is determined by the

formula

c = c0

√
1− (E2 −H2)2

4ρ2
− (EH)2

ρ2
. (14)

Here, ρ = (E2 + H2)/2 is the energy density of the electromagnetic field. From

Eq. (14) it follows that the velocity of propagation of the field in Eq. (13), depends

on the energy density of the electromagnetic field, does not exceed the speed of light

c0(c ≤ c0) and coincides with the value of c0 only when, E2 −H2 = 0, EH = 0.
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3. The Connection with the Problem of Superluminal Motions

The question of the existence of superluminal motions (with speeds v > 3 ×
1010 cm/sec) has been a subject for wide discussions in contemporary theoreti-

cal and experimental physics. Superluminal motions explicitly already appeared in

the works of Ritz (for e.g. see Refs. 20, 21 and 28) and Rapier.63 As long as the

Galilean velocity addition law is still a test for checking the hypotheses of super-

luminal motions, the formula of Rapier (5) in one or the other interpretation, has

not been tested experimentally. At least, the authors of this work do not know any

publication on this topic.

In 1946, Blohintzev2,3 drew attention to the possibility of formulating a field

theory which admits superluminal (v > c0) propagation of interactions, outside

the light cone in the space-like region16 s2 = c20t
2 − x2 < 0 and applied it to

the description of the field “inside” an elementary particle distributed in a certain

spacetime region the size of s0 =
√
c20t

2 − x2 ∼ 10−13 cm.

Meanwhile, Kirzhnitz5 built the model of a particle with an anisotropic mass ten-

sor Mµ
ν = diag(m0,m1,m1,m1) and momentum, pµ = Mµ

ν v
ν , with µ, ν = 0, 1, 2, 3.

In this model, the case m0 = m1 corresponds to the motion of a particle with the

velocity v < c0 in the standard theory;16,17,21 the variant m2
0 = m2

1 = m2 < 0, cor-

responds to the motion of a particle of an imaginary mass m = iµ with a velocity

v > c0 and the real energy E = µc20/(v
2/c20 − 1)1/2. If m2

0 6= m2
1 the expression for

the energy becomes E = m0c
2
0/
√

1− (m1/m0)2v2/c20 from which one can see that

for m0 > m1 the speed limit of a particle vmax = c0m0/m1 also exceeds the velocity

of light c0.

The hypothesis of the existence of particles with imaginary mass was dis-

cussed by Terletskii,26,27 and was Feinberg29 who called these particles tachyons,

also describing their basic properties; when v → ∞, the energy of a tachyon

E = µc20/
√
v2/c20 − 1 tends to zero. However, the absolute value of the momentum

p = µv/
√
v2/c20 − 1 of the tachyon tends to the finite value µc0, and if v → c0 then

E and p tend to infinity. The tachyon’s energy and the momentum are connected by

the relation E2 − c20p2 = −µ2c40 = m2c40. For the magnitude µ (the absolute value

of the mass) the special name “meta-mass” exists. Besides the imaginary mass,

the principal distinction between tachyons and normal particles is that tachyons

have no state of rest. The energy of the motionless tachyon (p = 0) becomes the

imaginary one (i.e. E = iµc20).

The distinctive ingredient of the works referenced above is that all of them

keep certain consistency with the STR, producing some amplification of the STR

postulates rather than their violation. This amplification concerns with the as-

sumption of the possibility of motion in the time-like region of the light cone

s2 = c20t
2 − x2 > 0 (v < c0), as well as in the space-like region s2 < 0, where

v > c0;2,6,27,30 it also concerns with attributing some tensor of mass to the particle

that automatically leads to material motions in the region s2 > 0, to tachyon mo-

tions in the region s2 < 0, and to superluminal motions in the time-like region when

1730033-7



November 3, 2017 14:10 MPLA S0217732317300336 page 8

A. Chubykalo et al.

m0 > m1.5 The variant of the theory describing the coexistence of sub-light, light

and super-light particles (bradyons, luxons and tachyons) is contingently called “the

extended theory of relativity”.23 Thanks to the opening here of additional mathe-

matical and physical abilities, this trend has been studied in detail in the literature.

Tachyon motions (they are also called superluminal) was studied by Bilaniuk and

Sudarshan,1 Recami,24 Kirzhnitz and Sazonov,7 Patty,61 Oleinik59 and many other

authors, e.g. see Refs. 8 and 23. The electrodynamic study of superluminal mo-

tion for particles with an anisotropic mass tensor was performed by Sazonov,24 but

despite the success of the theoretical description of the superluminal motion, all

attempts of an experimental detection of superluminal motions (as it is understood

by the authors of this review) in the form of either tachyons, or in the form of

particles with anisotropic mass were unsuccessful. There is also the opposite view,

advocated by for example, Recami23 and his co-authors,65 Mugnai.56 Thus, the

problem of the existence or not, of superluminal motions in the real nature, still

has not received a conclusive solution.

Different from the above approaches, the problem of superluminal motions in

classical electrodynamics has been studied by Chubykalo and Smirnov-Rueda,34

Chubykalo and Vlaev,35 Chubykalo et al.36,37 The Maxwell‘s equations have Lorentz

invariance (the velocity of the electromagnetic field is finite and equal c = c0) only

if they are considered as a single ensemble.30 If the Maxwell’s equations are di-

vided into subsystems, then the situation becomes different. For example, the elec-

tromagnetic fields of the first and second pair of equationsa transform according

to different representations of the Galileo group. But Galilean symmetry admits

superluminal interactions. Therefore, the question of the existence of such inter-

actions is not as simple as it appears in the Lorentz-invariant theory. With the

Helmholtz vector decomposition theorem A = A1 +A2 +A3, ∇× (A1 +A3) = 0,

∇ ·A2 = 0,9 and changing over to the fields having extended (v-gauge) calibration

(c0/c
2)∂ϕ/∂t+∇·A = 0, the authors carried out the scope of the Lorentz symme-

try. Here, A and ϕ are the vector and scalar potentials, respectively,16 0 < c <∞.

This allows us to distinguish two types of vector potential: magnetic potential

of the irrotational (gradient) nature ∇ × Ai = 0 and the rotational (solenoidal)

one ∇ ·As = 0. The first one is propagated with an arbitrary velocity c, so that

∇Ai = (4πc0/c
2)ji, the second one with the velocity of light c0: ∇As = (4π/c0)js

(here ji and js are the corresponding current densities). Applying this technique to

the electric field has allowed to treat the Coulomb field (the irrotational component

of the electric field Ei = −∇ϕ, ∇ × Ei = 0) as a separate physical entity charac-

terized by the instantaneous velocity of propagation c = ∞. However, a specially

devised experiment performed by Tsontchev et al.70 led to the conclusion that this

type of the irrotational field propagates with the speed of light c0, the errors of

measurement. Nevertheless, the theoretical possibility of instantaneous interactions

aThe first pair ∇×H− (1/c0)∂tE = 0; the second pair ∇×E + (1/c0)∂tH = 0.31
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has not yet received a thorough refutation, since the possibility of the existence of

the irrotational magnetic component has not been investigated experimentally. For

fields of type c = c0, the extended (v-gauge) calibration turns into Lorentz gauge,16

and their distribution is described by STR.

Another approach to the problem of the violation of the Lorentz invariance,

which is related with the problem of superluminal motion, was proposed by

Kostelecky and Samuel33,45 within the superstring theory. In this area of math-

ematical physics, particles are not study as point-like particles as in quantum field

theory. Instead, they are considered as one-dimensional extended objects, the so-

called strings.25 In the framework of this theory, it is postulated that the elementary

particles and their interactions are the result of oscillations and interactions of ob-

jects with lengths comparable with the Planck length lP = (~G/c30)1/2 ∼ 10−33 cm

(~ = 1.054×10−27 erg · sec is the Planck constant, G = 6.672×10−8 din · cm2 ·g−2
is the gravitational constant, c0 = 3 × 1010 cm/sec).58 Kostelecky and Bluhm

showed that in the Big Bang model in the early stage of the Universe of the

order tP = lP/c0 ∼ 10−43 sec, the string theory allows the spontaneous break-

ing of Lorentz symmetry. From the point of view of the present Lorentz-invariant

state of the matter, traces of this violation would have to manifest itself in the

form of the existence of small residual tensor (relict) fields which should present

in 3-space some selected directions violating its isotropy. As a result, the physical

properties of the particles, the values of physical constants, and in particular the

speed of light c will vary somewhat depending on the orientation of the laboratory

frame of reference, relative to the directions of the relic fields. To assess the mag-

nitude of these variations it must be taken into account that the Planck energy

EP = (~c50/G)1/2 ∼ 1019 GeV corresponds to the Planck length lP. For compar-

ison, the rest energy of the proton and neutron is of the order of 1 GeV.31 The

achieved level of energy in modern accelerators do not exceed hundred GeV. There-

fore, between the world of the Planck energy and the energy level of the labora-

tory there is a giant chasm. The variations, theoretically predicted by the theory of

Kostelecky effects would be negligible: ∼ 10−19 according to Bluhm (Sunrise Profes-

sor of Physics Robert Bluhm33). Nevertheless, the perspectives for the development

of the superstring theory are promising, and now this area has received considerable

attention. Suffice it to note that superstring theory is considered the most likely

candidate for the role of a unified field theory, which unify four interactions: grav-

itational, electromagnetic, weak and strong together; there may be a violation of

CPT-invariance;45 it is possible the proton decay under the schemes p+ → π0 +e+,

p+ → π++ν̄ with a lifetime of ∼ 1032 years.4 Because of the importance of the string

direction of a theory predictions of the author45 within the Standard Model Exten-

sion were subjected to thorough experimental testing. This was possible because

of the exceptional sensitivity of modern research techniques. In modern versions of

the Michelson experiment using cryogenic optical resonators,58 the anisotropy of

the speed of light was ∆θc/c0 = (2.6± 1.7) · 10−15 or ∼ 7.8 · 10−5 cm/sec. A simi-

lar result was obtained by measuring the Doppler effect by the laser spectroscopy
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method.70 The experiment confirmed the predictions of the SRT within a precision

of 2.2×10−7. Thus, it was not possible to reach the level of amendments, predicted

in Ref. 45, or with the ever-increasing precision experiments indicate isotropy of

the surrounding space.

Similar problems were discussed in the paper of Glashow40 in terms of the

hypothesis of the existence in nature of some preferred reference frame. This hy-

pothesis, like Newton’s absolute time and after the creation and triumph of the

SRT invariably attracts the attention of many researchers and is analyzed in many

works, for example, in Refs. 54 and 55. In the paper,40 it is assumed that such sys-

tem of reference in which the rotation and translation are an exact symmetry, really

exists. Its identification feature is the isotropy of the cosmic background radiation

(CBR). In such theory, a violation of the Lorentz invariance is treated as correc-

tions (perturbations) in the standard Lorentz-invariant Lagrangian. Experimental

effects as in the string theory of Kostelecky and Bluhm34,46 should be seen in the

area of the Planck energy. For example, a photon could be unstable with respect

to the decay γ → γ+π0, a vacuum Cherenkov radiation and the proton β-decay of

the type p+ → n0 + e+ + ν could also be permitted. Signs of the existence of such

processes could be observed in cosmic rays of ultrahigh energies.40

In a series of works between 2003 and 2004 carried on going beyond the Lorentz

invariance by the transition to the 5-space of Finsler V 5(t, x, c) without modifica-

tion of the dispersion relation between momentum and energy, but by replacing

c0 → c = c0
√

1 + v2/c20 in the invariant interval ds, where v is the velocity of a

particle.47–49 These works are a continuation of the research.11–14,46 It has been

shown that V 5(t, x, c) comprises two subspaces of Minkowski: one, on the hyper-

plane (c0t,x) with the light velocity c0, and the second one on the hyperplane

(
∫
c(τ)dτ,x) with the light velocity c0 ≤ c <∞.15,50 In the first of them the SRT is

realized, in the second one by analogy with the SRT, the version of electrodynamics

was built, allowing superluminal motions v > c0. Unlike the SRT and the tachyon

theory, time on the particle trajectory is not slowing down. The motion occurs with

a real mass in the time-like region with the velocity v < c, the mass of the particle

does not depend on its velocity. The speed of light is isotropic, so that there are

no effects of anisotropy, which are characteristics of string theory of Kostelecky45

and publications of Glashow, Mansouri–Sexl and Marinov.40,54,55 Therefore, the

proposed version of electrodynamics is consistent with the experiments of Michel-

son and Morley. In the works47–50 it is shown how under the adduced relations,

many experimental facts can be consistently explained while they were hitherto

explained only in the SRT. For example, experiments of Michelson and Fizeau, the

aberration of light, the appearance of atmospheric µ-mesons at the surface of

the Earth, Doppler effect, a number of well-known experiments on the proof of

the independence of the speed of light on the speed of the light source, the decay

of unstable particles, production of new particles in nuclear reactors, Compton ef-

fect, photo effect. Some possible transformations and invariance are considered in
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Refs. 72 and 73. In particular, here it is considered a possible dependence of the

speed of light on frequency and a transformation with the correct composition law.

4. Afterword

If we abstract from the early work in the field of classical physics, then the men-

tioned studies show that STR has great stability with respect to various kinds of

modifications in its axiomatics.33 Apparently, this is due to the fact that in these

modifications it is not so much a violation of the physical postulate of the invariance

of the speed of light, as its mathematical expansion in the form of making resort to

a more general affine space. In other words, in these modifications the authors refer

to more general transformation groups, including scale transformation of the speed

of light and time c′ = γc, t′ = γ−1t. In the case of including in the theory of space-

like area of movements, as well as physical images of string theory, making resort

to the hypothesis of the existence of the selected frame of reference and including

the Finsler space, there is a need of experimental verification of the consequences

stemming from it. At present, these issues have not been studied enough yet.
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