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ABSTRACT: We show how the theory of relativity disagrees with isotropy of the expanding universe and with
the experimental arguments in favour of the existeof a preferred frame. We postulate a new héupsinciple,
the invariance of the radius of the universe, degi\new transformation equations. Then we devefi@pgeometric
scenario and we prove how the universe equals motaspic inhomogeneous hyperboloid in four-spade new
model quite naturally incorporates the expandiniyense, solves the cosmological horizon problenplars the
asymmetrical time dilation effect (for examplelire twin paradox) and describes the Big Bang in &iral way by
reducing the radius of the hypersphere to zero.speed of light acquires a new geometrical meathiagjustifies a
varying speed of light (VSL) theory and clarifiessolved problems in physics as the Pioneer anoroagmological
puzzles, the dark energy and the Loschmidt paradox.

1. INTRODUCTION

“The most important result of our reflections iswever,that precisely the apparently simplest mechanical
principles are of a very complicated character; tthdnese principles are founded on uncompleted
experiences, even on experiences that never cafullyecompleted; that practically, indeed, they are
sufficiently secured, in view of the tolerable dthbof our environment, to serve as the foundatiaf
mathematical deduction; but that they can by ho nmethemselves be regarded as mathematically
established truths, but only as principles that aoly admit of constant control by experience betually
require it” Ernst Mach [1]

1.1. The Lorentz transformation versus the expandingniverse

1. Lorentz transformation for frames in standard configuration. Two observers O and O' use their own
coordinate system to measure space-time intervais x-axis and the yaxis are collinear, thexaxis is parallel to
the x;-axis and the xaxis is parallel to the xaxis. The relative velocity between the two obses\is V along the
common x-X'; axis. O measures (XX, X3, Xs) and O' measures {xX5, X3, X4), where % = ct and » = ct'. Attime t
=t' =0 the observers O and O' coincide. The Liaranansformation (LT) for frames in standard cgofation can be
shown to be:

Xp =y(x'1 + B ct) % =X X3 = X3 X3 =Y(X'a + B X1) (1)
wherep = V/c,y = 1/(1 -B»)¥? and c is the speed of light.

The two postulates of special relativity requirattthe four-velocities (Y U,, Us, Uy) and (U;, U, U, UY) as
measured by O and O' respectively, are connectéldebyame transformation:

U =y(U1+B UY) U = U% Us = Us Us =y(U's +B UY) @)

The classical velocities {vv,, v3) and the four-velocities (JU,, Us, U,) are related by

U, = V3 u, = ic ©)

where = vic,y = /(1 — WcAY2 V = (VP + V%, + V’)Y2 and i is the imaginary unit.

2. The expanding universe as measured by two frames standard configuration. Two observers O and O'
measure the correlation between the distance taxyand its recessional velocity along the commgr’; axis,
va/X; and wi/x'; respectively. The LT implies

X1 =Y(x'y + B ct) 4)
and
Uy =yU +B UY) )
that is
Uifxy = (U + B UY/(x'L + B ct) (6)



3. Self-refutation of special relativity. According to (6), in the most general case, tkgaasion rate of the universe
is different in the commonx<'; axis (W/x; # V'4/X'1) but is the same in perpendicular directiongxgv= vy/x'; and
ValX3 = Vi/X'3). In other words, if the observer O sees an igitrexpansion, the observer O' sees an anisotooyc
All inertial frames are not equivalent.

The same reasoning holds even in a static univéfrgbe observer O sees a uniform distribution ditter, the
observer O' sees a bigger density of matter inctimamon x-x'; axis. The problem does not lie in the expanding
universe, but in the LT itself. Einstein's theofy@ativity is logically contradictory.

4. Meaning of anisotropy of spaceAs Einstein wrote [4]¢If the principle of relativity (in the restrictedense) does
not hold, then the Galileian coordinate systems K,K, etc., which are moving uniformly relative éach other,
will not be equivalent for the description of natpfienomena. In this case we should be constraméelieve that
natural laws are capable of being formulated in atjgalarly simple manner, and of course only on dition that,
from amongst all possible Galileian coordinate eys$, we should have chosen ong) @ a particular state of
motion as our body of reference. We should thejusified (because of its merits for the descriptiof natural
phenomena) in calling this system ‘absolutely at'rand all other Galileian system K ‘in motion.’ [..In the
general laws of nature which have been formulated reifirence to K, the magnitude and direction ofvblecity of
the carriage would necessarily play a part.”

1.2. The isotropy of space versus the empirical evddces

5. The absence of evidence is the evidence of absgB&instein concluded that the failure to observe @nigpy
favours the isotropy hypothesis [4H6wever, the most careful observations have neweraled such anisotropic
properties in terrestrial physical space, i.e. aypital non-equivalence of different directions.sTisi very powerful
argument in favour of the principle of relativity.”

6. Empirical evidence of anisotropy.Against Einstein's assertion, modern authors\liklheim [5], Wesley [6] or
Levy [7] consider that the anisotropy of the oneywpeed of light can be indirectly established Basuring the
absolute velocity of the solar system using diffénmethods: Vaucouleurs & Peters [8], Rubin [9], QonkL0],
Henry [11], Smoot et al [12], Gorenstein & SmooB][1Partridge [14], Monstein & Wesley [15], Maring¥6-17],
Torr and Kolen [18], DeWitte [19] or Cahill & Kittf20-21].

Fundamental tests of special relativity theory putipg to demonstrate the invariance of the spdelight were
based on erroneous ideas. Manera [22] shown thethé¥on interferometers reveal small but significefifiects of
the Earth's absolute motion, but only when theyomerated in a dielectric. Cahill & Kitto analysdttold results
from gas-mode interferometers and revealed an atesspeed of 369 + 123 km/s. A more recent evalndty Cabhill
yielded 420 * 30 km/s, in excellent agreement whth cited experiments [8-21] and with the spee86& + 18 km/s
determined by the COBE satellite [23].

The empirical results [7-21, 23] provide weightgaments in favour of the anisotropy of space. Thalkquantity
v/c derived from the absolute speed of the Earitoiapatible with the classical experiments: Michal€ Morley
(1887), Miller (1925/26), lllingworth (1927), Jo¢¥930), Jaseja et al (1964), etc. Indeed, the spapsasi-isotropic.

7. The existence of an absolute and preferred framef reference The aether ideas of Lorentz & Fitzgerald [24-
25], Poincaré [26], Larmor [27], Dirac [28] or evBingle [29], are presented in a modern approacBddly[30-31].
Today a remarkable number of researchers like Deowj§32-34], Dmitriyev [35], Niayesh [36-37], Jacan [38]

or Cahill & Kitto [20-21] support the concept of absolute frame under the influence of earlier w¢8847]. As a
remedy for difficulties of relativistic quantum nfemic, a preferred frame was also treated by JR8F; Bohm [48],
Bell [31] and, more recently, by Hardy [49] and Peakt[50].

8. Different interpretations, similar predictions. Length contraction and time dilation have twofatiént
interpretations, that of Einstein (relative to tbbserver) and that of Lorentz (relative to the agthBut the
predictions coincide in both cases. According td B&f)], it is not so simple to distinguish experintally between
the two alternatives. There are no strong experiah@mguments to refuse the aether; on the conteanumber of
arguments led support to the anisotropy of theveene speed of light.



2. GEOMETRICAL PART

“The concept'true’ does not tally with the assertions of purergetry, because by the wdtdie' we are

eventually in the habit of designating always tlerrespondence with areal' object; geometry,
however, is not concerned with the relation &f itfeas involved in it to objects of experience,dmly with

the logical connection of these ideas among therasélAlbert Einstein [4]

2.1. The invariance of the radius of the universe

9. Two kinds of relativistic transformations. The special relativity cannot be completely rejdctéirst, the theory
is very successful; second, the empirical evidefit€d,23] suggest the quasi-isotropy of spacenThe relativistic
transformations (1) and (2) accurately describentitaral phenomena in a wide range of situations.

If we compare (1) and (2), there are similaritind differences. Every term in (2) is a velocity,ithe terms in (1)
are both positions and velocities. The transforomaR) distinguish between the components of thesital velocity
(v1, Vo, V3) and the components of the four-dimensional vejdti,, U,, Uz, U,) because, in the general case# W;,
v, # Uy and g # Uz. On the contrary, the transformation (1) idengifiee components of the classical distangexgx
X3) with the respective components of the four-poBifx, X, Xs, iCt).

10. The third and non-Einsteinian transformation. What happen if we apply the transformation (2) istashces
instead of velocities? We look for a new transfdioma that includes the two relativistic transforinas as a
particular case and also ensures the isotropyeo$place in preferred reference frames (see 2.ipispct

Two observers O and O' use their own coordinateesy$o measure space-time intervals. ¥hexis and the('s-
axis are collinear, thg',-axis is parallel to thg',-axis and thegs-axis parallel to the's-axis. The relative distance
between the two observers is r along the compexl; axis. O measurex{, X2, Xz, Xa) and O' measurex'(, X'z, X'z,
X'4). The new transformation is a hyperbolic rotation:

X1 =Ye(X's + Br X') X2=X"2 X3=X'3 Xa=Ye(X's + Br X'2) (7
wherep, = I/R,y; = /(1 - #/RAY2 and r = (%, + x& + x%) Y2
The classical positions {xx,, X3) and the four-position(, X2, X3, X4) are related by

X X, _ X _ iR @)

The new transformation does not identify the congme of the classical distance;,(x,, X3) with the respective
components of the four-positioR( Xo, X3, X4) because, in the general casef X1, X # X» and % # X3. The distance
R ensures the homogeneity of all components ofdgatéon and the parametddsandy, are function of distances as
well. ¢ Which is the meaning of R? The sum of theasgjof the components of the four-position is

X1+ X+ X+ Xu=-R 9)
that correspond to a four-dimensional hyperboloiduasi-sphere of radius R.

An observer does not directly measures the fouedsional positiony:, X2, X3, X4) but the classical position (X%,
X3). Substituting (8) in (9) gives:
X2+, + X < R? (10)

that correspond to a ball of radius R. If the trans@tion (7) holds, then four-positions define aéngurface in four-
dimensional space as expressed in (9), while clalsgositions define a closed ball as expressétiin The evident
meaning of R is the radius of the universe.

¢ Can Einsteinian physics be expressed as a partazaida of hyperbolic physics? The answer is yesgsetion 2.2).

11. Hyperbolic geometry The 4D hyperboloid offers a perfect scenario évelop an anisotropic model of the
universe because there is an obvious preferrecefrttre centre of the hyperboloid C. With respedt tmatural laws
are capable of being formulated in a particulaittypde manner. We should then be justified (becadises merits for
the description of natural phenomena) in calling gystem ‘absolutely at rest’ and all other systemmotion.’ In
the general laws of nature which have been forredlatith reference to C, the magnitude and directibthe
position and the velocity of the frame would neeebgplay a part.



The relativistic velocity addition theorem is:

v, +V Vv, vV, (11)

N Vo=—F""< Va=—F—<
(l-'-\/\;lJ V{l-'- V\glJ y(l-'-\/\;lJ
Cc C C

If the velocity between the two observers is vanak compared with the speed of light (V << ¢), theorem (11)
easily reduces to the Galilean law:~vVv'; + V, W, = V', and ¢ = V'5. The velocity addition formula shows that c is a
limiting velocity: in the extreme case where bothand V equal to c, then, ¥ (c + c)/[1 + (&c?)] = c. Nothing is
faster than light.

VvV, =

In the 4D hyperboloid, the distance addition theoie derived from (7):

x1+rl X, = Xy . Xq = X3 . (12)
r-X r-X r-X
=5 ) )

If the distance between the two observers is vemgliscompared with the radius of the universe (r Rk the
theorem (12) reduces to the Euclidean laws X', + 1, % = X5 ¥ X3 = X'3. The distance addition formula shows that R
is a limiting distance: in the extreme case whesthx} and r equal to R, then, = (R + R)/[1 + (R/R)] = R.
Nothing is further than the radius of the universe.

X, =

There is a total analogy between the relativistigting velocity ¢ and the hyperbolic limiting disice R. Nothing
can travel faster than light and nothing can béherrthan the radius of the universe.

The invariance of Rtlje radius of the universe R is the same in aérefce frames, independent of the location of
the observércan be seen as a principle of impotenahing is further than Rin analogy with the first and second
laws of thermodynamicst(is impossible to construct a perpetuum mobil¢heffirst and second kifénd with the
invariance of crfothing is faster than light

In Figure 1, the distance between O and O' is rthadlistance from the observer O to the edgeefitiiverse is the
same in every direction: OL = OL' = R. Which are tlistances from O' to L and L' as measured in #ference

system S'?
7N

L/ o0 \L

Figure 1. The universe as observed from O is a spheredafigaR. The distance between O and O'is r. The
distances between the limits points and the obsareeOL = OL' = R.

The distances must verify the theorem (12):

OL=(0'0+0L)/(1+00-0LU/R=(+R)/(1L+r-RIB=R (13)
OL'= (00" + O'LY/(1 + 00" - O'L'/R (14)

so that
R=(r+OL)@+r-OL/R (15)

The only value of O'L' that satisfies (15) forwadlues of <R is O'L'= R. Then O'L = O'L' = R, and the obsei®@eér
sees itself as the centre of the universe (Figuigh?):

L/ 00 \L L/ o0 \L

Figure 2. The universe as observed from O (left) and @h(ji The universe from O' is a sphere of radius R.
The distances between the limits points and therobsare O'L = O'L' = R.



As well as the observers O and O', any other obsesees itself as the centre of the universe.dagest to imagine a
picture of a four-dimensional spacetime if we stéth a two dimensional space:

X+ Xl =-R (16)

The square of4 is negative, then (16) is the equation of a hyplerlin the two-dimensional Minkowski space
(Figure 3 left). As observed from O, the universaihyperbola in Minkowski space defined by thetreeg, the
vertex O and the points at infinity L and L'. Adiyathe observer O does not directly measuxedut the real
coordinate x According to (8), a hyperbola of radius R in Miméski space (Figure 3 left) implies a line segnwant
length 2R in real space (Figure 3 top centre).

L b X L' L b X L'
0.7 R 2 o
L o O L
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L 0o O L'
C X, C X,

Figure 3. The Minkowski space as observed from O (left) @dright). The real space as observed from O'
(top centre) and O' (bottom centre).

The observer O is situated at a distance R fronut.(bcannot reduce (nor increase) the distanceltedause it is a
point at infinity in Minkowski space. That the radiof the universe is the same for all observegandless of the
observer's position, is extraordinary enough: asaerdinary as the special relativity itself (thgeed of light in
vacuum is the same for all observers, regardleshefight source's motion). Thievariance of the radius of the
universeand thalistance addition theoreexpress a new geometry: thgperbolic geometry

As observed from O, the universe is not a Euclidgarere, but a three-dimensional projection ofua-timensional
hyperboloid. The hyperbolic sphere masre than a centreactually, arinfinite number of centres

2.2. Einsteinian physics as a particular case of hgpbolic physics

11. The expanding 4D hyperboloidWe live in an expanding universe and the radiuhe hyperboloid increases
with time according to (17).

X1+ X%+ X5+ X% = -R(1) (17)

Positions and velocities of observers in radialiamoflike O and O' in Figure 4) have the same dioecand define
constant angles with respect to the gxiandy.

o
0, ;
ol /O
C X,

Figure 4. Expanding universe. Observersd@nd O in the bottom hyperbola respectively move toa®d O;
in the top hyperbola. The angle between any twéovecemains unchanged.

In radial motion, the distance coefficightequals to the velocity coefficiefit

Bi=rR=vic=3 (18)
and

v = 1/(1 -BA* =11 -p)*=y (19)



12. Einsteinian physics as a particular case of hypaolic physics. The hyperbolic transformation (7) can be more
elegantly expressed using the matrix form (20).nggi18) and (19), the matrix form (20) equals ta)(& radial
motion.

X|l Ve 0 0 iypB X1

X, 1=| o0 10 O X, (20)
/Yls 0 01 0 Xs

i)(‘4 _iyrlgr 00 1z |X4

X1 y 00 Bl | X

/Y'2 = 0 10 O X (22)
X3 0 01 Xa

X' —iyB 0.0 vy iy,

If the distance between the two observers is vargliscompared with the radius of the universe (rRx the real
components of the four-position reduce to the @asgositions X1 = X1, X2 ® X, X3 = X3) and the hyperbolic
transformation (21) in radial motion equals to tlwrentz transformation (1). As well as Einsteinlaws reduce to
Newtonian laws in the limit v << ¢, hyperbolic laveduce to Einsteinian laws in the limit r << R &dial motion.

13. Hubble's law and radius of the 4D hyperboloidObservers in radial motion see an isotropic exjpanand
describe the cosmological expansion by the Hubldeis In radial motion, the distance coefficightequals to the
velocity coefficient:
vic =r1/R (22)
that is
v=(c/R)r=Hr (23)

Galaxies in radial motion in the expanding 4D hyjodoid verify that the recession velocity is appnoately
proportional to the distance, according to (23)bbla's law is shown to be a geometrical necessitlié hyperboloid
and the Hubble constant is given by:

H=c/R (24)

The observed value of the Hubble constant is H 8 {R@m/s)/Mpc = 2.18 - 1 s* as measured by the NASA
(2007). Then the radius of the universe is given by

R =c/H = 1.37 - 13 m= 14.5 millions of light years (25)

Not surprisingly, the estimation (25) disagreeshwite estimation of the radius of the observabigarse under the
assumption of the standard cosmological model. Hhgle physics has been developed on the basishef t
invariance of the radius of the universe, thenfiesrithe theorems of hyperbolic geometry and mate®wn
estimations.

14. The logical inconsistencies of special relatiyit The hyperbolic transformation (8) is naturallyumdtion of
position @, = r/R) while the Lorentz transformation (1) is ftioa of velocities § = v/c). This key difference
dissipates in the particular case of radial motiginere the distance coefficieitequals to the velocity coefficieft
and both transformations are the same as shov&0)rafid (21). But in non-radial motion the Loretmensformation
can imply inaccurate and even contradictory redteelativistic paradoxes.

Hyperbolic physics shares the ideas of those waimneld that the relativity principles reveal a l@jimconsistency
(Bergson [51], Lovejoy [52], Ives [53] or Essen [b4mongst others) or that the concept of asymnabtdlock
dilation is contradictory to the mathematical fotisia of relativity (Dingle [29]).

The equations (20) and (21) literally describe twperbolic rotations and prove the anisotropic abiar of the LT
beyond reasonable doubt: every rotation has aeethie only fixed point of the transformation. Wesld then be
justified (because of its merits for the descriptaf natural phenomena) in calling this point "dbtaly at rest” and
all other points "in motion:" the principle of rélty (in the restricted sense) does not hold.

2.3. Transformation equations of non-radial motion

15. Proper time in the hyperboloid.Let us consider the matrix form (20) expressef' as[0]X. The time derivative
of the hyperbolic transformation (20) with resptcthe time gives the expressions of velocitieand accelerations
a in the four-space. Of course, the non-invariastldime t must be replaced by an invariant intetivae in the
hyperboloid, the hyperbolic proper time T, whiclni function of the velocities but of the distasice

dT = dt (1 - #RH)Y2 = dt' (1 - A/R?)2 (26)



Then the transformation equations are given by:

X' =61 x
U=pluU+ [Q]X
a'=[la+2[QU+[Q]X 27

whereU = dx/dT andU' = dx/dT are the four-velocities in S and &';= dU/dT anda' = dU/dT are the four-
accelerations in S and 9] fis the matrix transformationg)] the time derivative off]], that is the angular velocity
matrix; and {] the time derivative ofQ], that is the angular acceleration matrix.

In radial motion (r/R = v/c), the infinitesimal chgmin the hyperbolic proper time dT = dt (13RA)Y2 equals to the

infinitesimal change in the relativistic proper &dT = dt (1 - ¥c?Y2 Both [Q] and [Q ] are nulls in radial motion,
so the hyperbolic transformation reduces to theshtr transformation. The hyperbolic proper timéhis age of the
universe and has an absolute character.

16. Relation between velocities and accelerations different frames of reference Classical physics perfectly
states the relation between velocities and acd@erin two rotating reference systems S and % Velocities are
given by
V=V + Veuler (28)
and the accelerations by
a' = a+ Acriolis + Aeuler (29)

The analogy between (27) and (30-31) suggestsling¢he term [Q ]x Euler four-acceleratiorand the term Zp]U
Coriolis four-acceleration

17. Preferred frame of referenceEuler and Coriolis accelerations (that is, fictits forces) are null for observers in
radial motion that constitute true preferred frariresvhich the CMBR (cosmic microwave background radigt
uniformly fills the universe at a temperature 0fZ5 K in all directions. Marinov [17], Weisskopfdh Wesley [6],
Wilheim [5] or Levy [7] pointed out the absoluteathcter of the velocities measured with respedhefCMBR
although they did not identify the preferred refere frame with the 4D hyperboloid.

2.4. Hyperbolic Big Bang

18. Hyperbolic Big Bang.In the hyperboloid, the condition R = 0 describes Big Bang as a hypercone in four-
space or, equivalently, as a primordial light cone:

X+ X2+ X% +Xx%=0 (30)

19. Evolution of the hyperbolic universelgnoring the third spatial dimension, the hyperb@ig Bang reduces to a
three-dimensional cone (Figure 5 left). Just adinac equation of the electron has two solutiare(for matter and
one for antimatter), the hyperbolic Big Bang theasdty can give rise to several causally disconriecteiverses
(perhaps some of matter and some of antimattefjigare 5, the space-time diagram helps to visadliz scenario:
when the Big Bang happens, the cone breaks in twetskecing each other, the two causally discondesiteets of
the double-sheeted hyperboloid (Figure 5 centrejthErmore, we cannot rule out the positive valfli®?g that is,
the role played at the Big Bang by the single-sheleyperboloid (Figure 5 right).

uh o o
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Br2+3=0 L2+ +=-R  pZ++ =R

Figura 5. Hyperbolic Big Bang. Ignoring the third spatial dinsion, the hyperbolic Big Bang reduces to a
cone (left); the negative value of Reduces to the upper and lower sheets of a daligeted hyperboloid
(centre); and the positive value of Rduces to a single-sheeted hyperboloid (right).



20. The identity of indiscernibles.Taking R = 0, equation (10) is now:
X1:X2:X3:0 (31)
The equation (31) is valid both in the standard Bémg and in the hyperbolic Big Bang.

- All points of the standard Big Bang have the samassical coordinates (x = y = z = 0) and, accordmghe
ontological principle of the identity of indiscebfés, the universe reduces to a single point. Taedard Big Bang
theory defies physical laws by postulating a stdtimfinite density, temperature and pressure. §ynematter, space
and time exist after the Big Bang, nothing existdrdyor before it.

- All points of the hyperbolic Big Bang have the sattassical coordinates (x = y = z = 0) but, disagre with the
ontological principle of the identity of indiscebtés, the universe does not reduces to a singlg.pbie classical
coordinates do not constitute a complete descriptiothe universe: the true description is the 4ppdnconex?; +
X% + X% + X% = 0 where every point has its own four-dimensiar@rdinates)i, X2, Xs, X4). The hyperbolic Big
Bang does not necessarily defy physical laws byytatitg a state of infinite density, temperaturel gmessure.
Energy, matter, space and time exist after andhdutie hyperbolic Big Bang, maybe before the Big Basefi

21. In the beginning was the lightOnly massless particles can travel along a ligiiec It is possible to state that
all is light in the hyperbolic Big Bang, an aesthetically moviheg.

22. Horizon problem. The Figure 6 shows how the hyperbolic Big Bang soble horizon problem. At the standard
model, different regions of the universe are cdysisconnected due to the great distances betwesn (Figure 6
left). In the hyperboloid, all regions remain cdlysaonnected (Figure 6 right) because the hypécbBlg Bang
(light at 45°) defines the limits of the observabiéverse.
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Big Bang (time t = 0) X C X

Figura 6. Horizon problem. At the standard model, differeegions of the universe are causally
disconnected due to the great distances between (fhigure 6 left). In the hyperboloid, all regioremain
causally connected (Figure 6 right).

In Figure 3 left (page 5), the hyperbola L-O-Lthe set of events that are simultaneous with respabe preferred
reference frame (absolute simultaneity), whileghst light cone |-O-I' is the set of events that simultaneous with
respect to the observer O (relative simultaneity).



3. PHYSICAL PART

“Don't ask me any questions. I've seen how thihgs $eek their way find their void instead.’F. G. Lorca

3.1. Varying speed of light

23. Geometric meaning of the speed of light in thieyperboloid. If R is large enough, the infinitesimal changdRof
is given by dRe c dt, then the speed of expansion of the hypeithdlg, is approximately equal to the speed of light:

Vip (=S RO =) (32)

The speed of expansion of the hyperboloid and pleed of light are mutually dependent. The timeatam of ¢ can
be induced if the radius R is not a linear functiétime.

24. Varying speed of light theoriesSince the pioneering works of Mitchell [56], Thorops(Lord Kelvin) & Tait
[57], Einstein [58] or Dirac [59], new theories fia time-variable speed of light have been invastid. One may
categorize VSL theories according to the mechaniamich they induce the variation of c:

- Breakdown of Lorentz invariance: Models proposgdvinffat [60-61] and Albrecht & Magueijo [62] posaie a
possible alternative to inflationary cosmology ameblve the breakdown of covariance and Lorentaitance. This
line of work may solve cosmological problems (thatrfess, entropy, homogeneity, isotropy and cosgicéd
constant problems of Big Bang cosmology). Einstdiald equations in the VSL theory have been solgdarrow
[63-64] under the strong assumption that a ¢ végidbes not introduce any corrections into the atume tensor.

- Modification of the curvature tensor: Models pospd by Harko & Mak [65], Avelino & Martins [66] @hojaie &
Farhoudi [67] allow both covariance and Lorentzairance in such a way that variations in the spafetight
introduce corrections to the curvature tensor @Emstein equations.

- Addition of extra dimensions (Strings/M-theorfiritsis [68] and Alexander [69] realize VSL on aabe-world
scenario with a larger number of dimensions.

- Addition of extra metrics: Bimetric theories prgeol by Mdfat & Clayton [70-72] and Drummond [73] do not
sacrifice the first principle of special relativityhese theories are implemented by introducing nvetrics, one for
gravity and one for matter. The speeds of the uarinassless species may hiéedent.

- Deformation of the special relativity: Deformegesial relativity (DSR) theories by Amelino-Cameli&{75] and
Ellis [76-77] introduce a non-linear realizationtbé Lorentz group and postulate an energy depésgerd of light.

- Deduction from field theories: Drummond & Hathrgl8] pointed out that quantum field theory in eed space-
time predicts superluminal photon propagation.

A more extensive catalogue of recent VSL theoréestme found at [79].

25. Varying speed of light in the hyperboloidOnly empirical evidences can determine the exawhdlation of the
velocity of expansion of the hyperboloid, but adtetical hypothesis is to be preferred to anyorse:ethat the
product of the radius of the universe and the spédight equals to a constant K.

R(t) c(t) = K (33)

The equation (33) is derived from electromagneigtd$§ theory, thus a charged particle will verifyetLorenz
condition (see section 3.7). Free photons travid epeed

c(t) = KIR(t) (34)
and acceleration

_dn=-S0 35
3,() =5 ¢ = RO (35)

The minus sign means that free photons decelerdltetime. According to (24), the Hubble constantHs= ¢/R
where ¢ and R are functions of time, then H varigl time as well:

H(t) = c()/R(t) = K/IR(1) (36)
Equations (34) and (35) imply that the free phaiooeleration gequals to the product of ¢ and H. The currentaslu

a0, G and H verify:
ao= -Hycp=-6.54 - 18°m/s (37)



and the constant K
K =R(t) c(t) = Ry =4.11 - 1&m%s (38)

According to (37), the speed of light barely dese=aa centimetre per second every year. Althoughv#riation is

on the threshold of the current technology, Sarejdy80] examines some indirect empirical evidenedavour of

a varying c: the time taken by light to go to thedd and back to Earth [81], the Pioneer anomaly, [B2 time

dilation of remote events [83-84], the supernowaishifts [85-86] and the fine-structure constanasneements [87].
The acceleration (37) agrees with the rate of charig obtained through the cited evidences.

Integrating (33) with respect to time and taking thigin (t = 0) at the Big Bang (R = 0) we obtain

t = R(1)/2K = 1/[2H(1)] (39)
and the age of the universe is
To=RH2K = 2.29 - 18 s~ 7250 - 18years (40)

Not surprisingly, the estimation (40) disagreeshwiite estimation of the age of the universe unberstandard
cosmological model assumptions. Hyperbolic physifgses the postulate of homogeneous time, saifféaws of
physics should govern the universe at differenetimstants. In comparison with the standard madetyactions
between particles occur in greater number and gvitlater power, because the greater value of thedspfdight and
the greater energy (E = RAyof the particles in the hyperboloid.

Is the infinite value of the speed of light at tig Bang itself to be taken literally or ideally? Tarswer is elusive.
In any case, the hyperbolic Big Bang is more intdlggthan the impossible singularity of the stand&ig Bang.

3.2. The law of inertia

26. Law of inertia. If the speed of light decreases, free photonsadlanove at constant speed, so the law of inertia
does not hold in the expanding hyperboloid. Becadisiee small value of,g the behaviour of free photons is quasi-
inertial when the motion involves small distancempared with the radius of the universe and shenibds of time
compared with the age of the universe.

A free material particle does not move at constg®ed either. Material particles in motion at speesliffer an
acceleration a(t) expressed as

a(t)= %v(t) = ~fa, (1) (41)

The acceleration a(t) is always smaller thanthen free material particles correspond withitiegtia law even better
than photons. Despite of the quasi-inertial behavad free photons and material particles, indeti@ is abolished in
the hyperboloid. The classical equivalence of iabgystem must be replaced by the existence depes free

systems (observers in radial motion).

3.3. The non-relativistic flight of the photon

27. Photon motion in the hyperboloid.The photon energy E can be expressed both initumof the mass pand
of the frequency:
E=mc°=ho (42)

Free photons do not verify the law of inertia, #@ergy varies in time as well as other propertfesq@ency,
wavelength, etc.). If the Planck’s constant h ddnbass mdo not vary much over a short time, the time deive
of the equation (42) is:

L 2mycd—C = h% (43)
dt dt dt

and then
dv_2mcCdc_2v (44)

dt h dt ¢ ”

28. Pioneer anomaly.The equation (44) is exactly the expression of dhemalous acceleration of the Pioneer
spacecraft, estimated to bg=a—(8.74 + 1.33) - I8 m/g according to [82]. This value agrees with (37§ fhoton
acceleration @ = -6.54 - 16°m/s’.

29. Analogy between the properties of free photorend the properties of the hyperboloid itself.The product of
the radius and the expanding velocity of the ursiggs constant, as well as the product of the veanggth and the
velocity of free photons. In addition, the waveldngnd the period of free photons are directly prapnal to the
radius and the age of the universe respectively.

10



3.4. Cosmology

30. Cosmological puzzlesTaking R = 0 in equation (33), the speed of ligatomes virtually infinite at the Big
Bang itself. It solves important cosmological prabde

- Why was the early universe so hot?
- Why is the temperature of the microwave backgdoadiation so nearly the same in different diats?
- Why is the universe so uniform on a large scale?

The virtually infinite speed of light at the Big Barexplains in an obvious way the high temperatureshe
primordial universe. And it also explains the homwogity and uniformity on a large scale because bggnals have
time to get from one distant region to another.

31. Dark energy.When the source is moving away from the obsetherPoppler effect formula becomes:
v_(z+1°-1 (45)

In radial motion (v/c = r/R)
r_(z+P 1 (46)
R (z+1?2+1

2
z=1- o 2Ry Al (47)
1-r/R 1-ra, /c?

The equation (47) explains the nonlinearity of Hetsblaw (Riess [85], Perimutter [86]) without dakergy. The
result is essentially the same as that of Saneg(i@d], although in the hyperboloid both speed ight ¢ and
acceleration avary in time. The problems of the rotational speefl galaxies can be satisfactorily solved in the
expanding hyperboloid without dark energy.

that is

3.5. The second law of thermodynamics

32. Emission of energyThe equivalence of energy E and mass m is desthipehe Einstein's equation E = mtf
the speed of light ¢ decreases, the energy oftleawith rest mass gmust decrease as well.

dE
= 2mac0-3,0 (48)

E =2 aV (t) dt (49)
E c(t)

In the hyperboloid, the famous equation E = mast be complemented with the equation that dessithe variation
of E with time, more elegantly expressed in terfnhe Hubble's constant:

9E _ o Hme? (50)

dt

According to (50), any free particle emits a snfi@ttion of its energy. Such emitted energy ismalsthat it cannot
be experimentally detected, although the emissanbe theoretically justified from a thermodynamiint of view.

33. The second law of thermodynamicsThe second law states that heat spontaneousliy flamn hot regions to
cold regions and that gases spontaneously expaadctgy all the volume accessible to them. In Maoinds [1]:

"In all the processes of nature the differences erfain quantities u play a determinative role. Biffnces of
temperature, of potential function, and so fortidiuice the natural processes, which consist in theléspation of
these differencesTaking the second law to its logical conclusiothe difference of energy between a particle and
the empty space must induce the emission of aidracif the relativistic energy (E = Mcfrom the particle to the
surrounding space. There are two mechanisms byhvthie energy can be emitted: firstly, the reductbhe rest
mass, and secondly, the reduction of the speedigbt. | This second mechanism is the link between the
thermodynamics laws and the expanding hyperboloid.

34. The Loschmidt paradox.One of the major unsolved problems in physicéésltoschmidt paradox, the dilemma

that it should not be possible to infer irreversilgrocesses from time-symmetric dynamics like Neigio or
Einsteinian laws. The equation (33) is a time-iemible law according which free particles mustteaniraction of
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their relativistic energy. For the first time, amaf dynamics introduces time-irreversible processe natural
phenomena and justifies the second law of thermaahycs.

Thermodynamic helps to justify the variation of gpeed of light, while the expanding hyperboloitpbkeo justify
the irreversibility of thermodynamics processes.

3.6. Relativity theory

35. Halfway between Einsteinian and Newtonian physic Hyperbolic physics shares with Einsteinian physies
four-dimensional description of the universe, telative character of simultaneity and the limitisygeed c; and it
shares with Newtonian physics the existence okfepred system that Newton looked for but failedind [89]: "It
is possible that in the remote regions of the fistals, or perhaps far beyond them, there may lmesbody
absolutely at rest.

36. Reference system versus observdihe concepts of reference system and observereayalifferent. The center
C of the hyperboloid is the origin of a referencsteyn, but it is not an observer. It is possiblettde thatthere is a
reference system in absolute feist the expanding hyperboloid. On the other hasiskervers share the expanding
motion of the hyperboloid, thethere are not observers in absolute tfestthe expanding hyperboloid.

37. General theory.A varying speed of light modifies the general ttyeio two ways: first, the speed o light is not a
constant but a variable; second, it arises thetiunesf the possible variation of the universal\jiaional constant
G, as Dirac proposed. Einstein field equations lwarcompatible with variable values of ¢ and G, ibig hard to
guess the abolition of the relativity principle Rout the abolition of the field equations.

3.7. Electromagnetic theory

38. The four-potential A of a charged patrticle.If |, is the permeability of free space, q the eleathiarge,U the
four-velocity and r the distance, the four-potdntiza charged patrticle is given by:

= Hl (51)
arrr
¢Which is the four-potential of an electrically oied particle with respect to the preferred refeeeframe (the
centre C of the hyperboloid)? The distance r becotine radius of the universe R:

=y (52)
4nR

39. The Lorenz condition.A free charged particle in radial motion verifiath) = Kx/x2 If the permeability of free

space and the electron charge remain constantotiesmz conditioroAc = 0 is automatically verified as well. This is

the reason why the equation (33) was postulatei@soribe the dynamics of the expanding hyperboloid.
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4. CONCLUSIONS

“A great orator must be a good man.” M. F. Quintilian

I. Empirical and theoretical status of relativity. Almost without exceptions, physics textbooks detee great
success of relativity in terms of its agreementhwéixperimental test. What is not sufficiently emgibed in
textbooks is that experiments measures some effiketshe time dilation (the most revolutionary ecbsery of
relativity), but cannot directly measure the lengtimtraction (because the standard used to metseitength of a
moving body is contracted in the same ratio adtuy itself). In addition, the existence of thecsdled "relativistic"
effects could be determined by the absolute motibisystems through space. Experiments do not inthty
support the theory of relativity; indeed, the eruair results [7] provide weighty arguments in favaf the
anisotropy of space.

There are strong arguments against relativity. Erpnts in favour of the isotropy of space are tjoaed by
Builder [91], Prokhovnik [39], Munera [22], Andersat al [90] or Cahill & Kitto [20-21] between othenghile
empirical evidences points clearly, if not defindy, to the anisotropy of the space (Levi [7]).dpposition to the
invariance of c, varying speed of light theoriesS{Y could provide original solutions to importardsenological
puzzles (Magueijo [79]). The Lorentz transformatigas early called into question, first by pointiogt the logical
paradoxes (twin paradox, ladder paradox, Bell pataeie.) and second by claiming the concept ofteokte frame
(Larmor [27], Lorentz [24], Bell [30-31], etc.). Baking of Lorentz symmetry becomes a useful linevofk in VSL
theories (Moffat [60-61], Albrecht & Magueijo [628nd in quantum mechanics (Horava [92]). Singulahieorems
(Hawking & Penrose [93]) mean that general relgtiyaredicts its own demise. General relativity ifficllt, even
impossible, to quantize. The cosmological congpaoblem can be divided into three problems: thecolsinological
problem, the new cosmological problem and the d¢dé@rce problem (Niayesh [36-37]). General relagiagrees
with cosmological data if dark matter dominategalactic scales and dark energy dominates at thedascales. Of
course, Einsteinian physics is incompatible wita tfuantum uncertainty and with the irreversibibfythe physical
phenomena.

Einsteinian relativity is a self-refuting theonhet Lorentz transformation implies the negationh& principle of
relativity (see section 1.1).

Mueller [94] has documented the existence of 37@8ligations criticizing relativity and has recomrded the 14
most important publications [29,53-54,95-105]. Thes have been excluded and silenced by acadamysics.

Il. Invariance of the radius of the universe.The invariance of R is a heuristic principle teatves as a core of
inductive reasoning and as a criterion for itsdiffi New transformation equations can be derivestich a way that
includes the Lorentz transformation as a particekse. The new geometric scenario means a new tmgio#
model, the expanding 4D hyperboloid. Hyperbolic by has been developed on the basis of the imeariaf the
radius of the universe and verifies the theoremsyperbolic geometry. In addition, the expandingdmnpoloid helps
to explain problems like:

- the asymmetrical time dilation effect (for examph the twin paradox),
- the cosmological expansion,

- the horizon problem and

- the Big Bang.

Ill. Varying speed of light. A varying speed of light induced by the expandiggerboloid helps to explain:

- the pioneer anomaly,

- cosmological problems (why was the early univesgsenot, why is the temperature of the microwavekgeound
radiation so nearly the same in different directiand why is the universe so uniform on a largéejca

- the dark energy and

- the irreversibility of physics phenomena.

On the contrary, basic principles like the lawrritia, the relativity principle and the invariarafethe speed of light
are not completely valid in the hyperboloid.

I\VV. Empirical status of hyperbolic physics. There are indirect empirical evidences in favouthe hypothesis that
the speed of light decreases by about a few cetrtémper second each year [80-86], but direct eogpievidences
are not easily accessible to experiments sincadbeleration (18) is on the threshold of the curtechnology.

V. Irreversibility. The expanding hyperboloid completely agrees viithitreversibility of physics phenomena.
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