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Abstract: Recent experimental results have shown a violation of Bell’s inequalities, which are
a mathematical formulation of Einstein-Podolsky-Rosen (EPR) paradox. The violation leads
to the conclusion that there are no local hidden variable theories that underlie quantum
mechanics. However, the Bell’s inequalities do not rule out the possibility to construct non-
local hidden variable theories that comply with quantum mechanics, in particular, a theory of
special and general relativity that permits an instantaneous transmission of interaction. In this
work we show that a special relativity with a Euclidean metric that allows not only local
interactions but also interactions that can be transmitted instantaneously can be constructed
and, furthermore, such special relativity can also be generalised to formulate a general theory
of relativity that leads to the same experimental results as Einstein theory of general
relativity. We also show that it is possible to formulate Dirac-like relativistic wave equations
in this Euclidean relativity with either real mass or imaginary mass, which suggests that the
proper mass of a quantum particle may be defined in terms of a differential operator that is
associated with a spacetime substructure of the particle.

Even though Einstein general relativity and quantum mechanics are considered as two
fundamental theories of modern physics they are formulated within different frameworks that
have radically different formalisms for the description of physical reality. Perhaps, the most
profound difference between the two theories is the conceptual difficulty that arises from
Einstein locality that states that no physical interaction between physical systems can
propagate faster than the universal speed, which is assumed to be the speed of light in
vacuum. In short, Einstein theory of relativity is a local theory and quantum mechanics is a
non-local theory. Einstein theory of relativity is viewed as a local theory because it is
formulated on manifolds that are endowed with pseudo-metrics that impose an upper limit on
the speed of propagation of interaction [1]. On the other hand, the non-locality of quantum
mechanics is due to the principles that underlie its mathematical formalism [2]. Therefore, in
order to reconcile the general theory of relativity with the principles of quantum mechanics,
and hence to resolve the conceptual difficulties, either local hidden variable theories for
quantum mechanics or a theory of relativity that permits an instantaneous transmission of
interaction are needed to be devised.

Local hidden variable theories assume that quantum mechanics is an incomplete theory in the
sense that there are other variables that may determine a physical system but are not directly
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observable. These theories postulate that the indeterministic characteristics of quantum
mechanics are due to our incomplete knowledge of the hidden substructure of the physical
system under investigation. One of the most famous hidden variable theories is de Broglie’s
interpretation of wave mechanics where the wave functions are considered as pilot waves
which are real physical waves that are coupled to associated particles that behave in a
classical deterministic manner [3]. Modelling on de Broglie’s theory, David Bohm
formulated a more complete hidden variable theory to interpret quantum mechanics [4].
However, in order to conform to experimental results, Bohm’s theory requires one of the
most unacceptable features of local realistic classical physics, the requirement of an action at
a distance. Therefore, unlike Bohm’s theory, any hidden variable theory that is considered to
be a genuine local realistic theory of nature must be constructed so that both determinism and
locality are retained. Historically, the question of the existence of a local hidden variable
theory emerged from the Einstein-Podolsky-Rosen (EPR) paradox which argued against the
completeness of the quantum theory [5]. According to their arguments, a physical theory is
complete only when it satisfies the criteria that require that a certainly predicted value of the
theory must be corresponded to an element of physical reality and the theory must also satisfy
the locality requirement. However, recent results from experiments that are performed to test
the Bell’s inequalities seem to support the Bell’s theorem which rules out local hidden
variable theories with the conclusion that a theory that complies with quantum mechanics
could not be Lorentz invariant [6,7]. It is worth noting that Bell’s conclusion in itself does not
provide the ultimate answer to resolve the conceptual difficulties but instead raises the
question of whether Lorentz invariance is in fact the cause of the conceptual conflict between
classical and quantum mechanics. Our focus in this work will be on the Lorentz invariance
and we will show that a special relativity with a Euclidean metric that allows not only local
interactions but also instantaneous interactions can be constructed and, furthermore, such
special relativity can also be generalised to formulate a general theory of relativity that leads
to the same experimental results as Einstein theory of general relativity.

As mentioned above, the local realism in classical physics is a consequence of Einstein
theory of special relativity which assumes that, based on the postulates of the principle of
relativity and the existence of a universal speed c, the pseudo-Euclidean metric of space and
time is invariant under the Lorentz coordinate transformation. In order to associate with
Einstein theory of special relativity, Minkowski formulated a unified mathematical spacetime
also with a pseudo-Euclidean metric with the assumption that the spacetime interval —c?t? +
x% + y? + z? is invariant. Consider the coordinate transformation between the inertial frame
S with spacetime coordinates (ct,x,y,z) and the inertial frame S  with coordinates
(ct,x,y’,z") that takes the form of the Lorentz transformation [1,8,9]

x' =y (x — Bct) €y
y =y (2)
z' =z 3)

ct' = y(—Px + ct) (4)



where v is the relative translational velocity between the two inertial frames and g = v/c.
From the requirement of the invariance of the spacetime interval —c?t? + x2 + y? + z%2 =
—c%t? + x% 4+ y? + 22, we obtain
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It is seen from Equation (5) that if we impose that condition 1 — % > 0 then v < c.
Therefore Einstein theory of relativity does not allow interactions at a distance. However, in
order to interpret quantum phenomena, such as the quantum entanglement, the transmission
of interaction must be assumed to be instantaneous. We now show that it is possible to
construct a special relativistic transformation that will endow spacetime with a Euclidean
metric rather than a pseudo-Euclidean metric as in the case of the Lorentz transformation and,
as a consequence, interaction at a distance is allowed. Consider the following modified
Lorentz transformation [10,11]

(5)

x = ygp(x — Bet) (6)
y =y (7)
z =z (8)
ct' = yg(Bx + ct) €))

where 8 = v/c and y; will be determined from the principle of relativity and the postulate of
a universal speed. Instead of assuming the invariance of the Minkowski spacetime interval, if
we now assume the invariance of the Euclidean interval c?t? + x2 + y? + z? then from the
modified Lorentz transformation given in Equations (6-9), we obtain the following
expression for yg
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It is seen from the expression of y; given in Equation (10) that there is no upper limit in the
relative speed v between inertial frames. The value of y; at the universal speed v = c is

(10)

ve = 1/~/2. For the values of v « ¢, the modified Lorentz transformation given in Equations
(6-9) also reduces to the Galilean transformation. However, it is interesting to observe that
when 8 — oo we have y; — 0 and Byz — 1, and in this case from Equations (6) and (9), we
obtain x' = —ct and ct — x, respectively. This result shows that there is a conversion
between space and time when 8 — oo, therefore in the Euclidean special relativity, not only
the concept of motion but the concepts of space and time themselves are also relative. It is
also worth mentioning here that the Euclidean relativity of space and time also provides a
profound foundation for the temporal dynamics that we have discussed in our other works
[12]. In the present situation, if in the inertial frame S with spacetime coordinates (ct, x,y, z)
the dynamics of a particle is described by Newton’s second law m d?r/dt? = F, then since
x — —ct and ct’ — x it is seen that the spatial Newton’s second law in the inertial frame S is



converted to a temporal law of dynamics D d?t/dr? = F as viewed from the inertial frame S’
with spacetime coordinates (ct’,x,y’,z"). As in the case of the Lorentz transformation given
in Equations (1-4), we can also derive the relativistic kinematics and dynamics from the
modified Lorentz transformation given in Equations (6-9), such as the transformation of a
length, the transformation of a time interval, the transformation of velocities, and the
transformation of accelerations. Let L, be the proper length then the length transformation
can be found as

L =+/1+p2L, (11)

It is observed from the length transformation given in Equation (11) that the length of a
moving object is expanding rather than contracting as in Einstein theory of special relativity.
Now if At is the proper time interval then the time interval transformation can also be found
to be given by the relation

1
At = ———At, (12)
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It is also observed from the time interval transformation given in Equation (12) that the
proper time interval is longer than the same time interval measured by a moving observer.
With the modified Lorentz transformation given in Equations (6-9), the transformation of
velocities can be found as follows

dx' v, —Bc
_ 13
T T B (13)

C

, o dy’ vy,
== 14
Y T E<1 +Bvx> (14)

c

,dz’ v,

A (15)

T

Form Equation (13), if we let v, = ¢ then we obtain v, = (£2)c. Therefore in this case

v, = ¢ only when the relative speed v between two inertial frames vanishes, v = 0. In other
words, the universal speed c is not the common speed of any moving physical object or
physical field in inertial reference frames. It should be mentioned here that the universal
speed c in Einstein theory of special relativity is assumed to be the speed of light in vacuum.
It seems that such an assumption was supported by Michelson-Morley experiment [13].
However, as shown in Appendix 1, by using a relativistic transformation, the Michelson-
Morley experiment can be used to identify the universal speed as the speed of light only when
the shift of the fringe pattern is absolute zero [14]. In order to specify the nature of the
assumed universal speed we observe that in Einstein theory of special relativity it is assumed
that the spatial space of an inertial frame remains static and this assumption is contradicted to



Einstein theory of general relativity that shows that the spatial space is actually expanding.
Therefore it seems reasonable to suggest that the universal speed c in the modified Lorentz
transformation given in Equations (6-9) is the universal speed of expansion of the spatial
spaces of all inertial frames. The transformations of accelerations can be derived from the
modified Lorentz transformation and the transformations of velocities given in Equations
(13-15). The transformation of the accelerations can be found as

dv, 1 dv,

dc Bv,\* dt (16)
vt (1462)

dy, 1 dv, By dv,

dt’ B, \2 dt Bv,\° dt 17
VE? (1 + T") cyg? (1 + T")

dz, _ 1 dv, B, dv, (18)

dt’' 2 dt 3 dt
YE? (1 + %) cyg® (1 + %)

By carrying out the thought experiment of the collision of two identical masses in two inertial
frames that are moving relative to each other, we can derive the following relationship
between the rest mass m, observed in the rest frame and the mass m observed from other
frame as [8,9]

m=——0 (19)

N

It is seen from Equation (19) that m — 0 when § — o. However, when 8 — « we also have
the conversion between space and time x' — —ct, therefore we may speculate that there may
also be a conversion between the spatial mass m and the temporal mass D of a particle when
f = o [12]. Form Equation (19) we obtain

m2c? + m?v? = mic? (20)
Since both m and v are variables, we obtain the following relation by differentiation

c?dm = —v2dm — mv.dv (21)
On the other hand, from Newton’s second law F = d(mv)/dt, we have

F = dv+ dm 22
e TV ar (22)

Using Equations (22), the change of kinetic energy dT = F.ds = F.vdt can be obtained as
dT = v?dm + mv.dv (23)

From Equations (21) and (23) we arrive at



dT = —c?dm (24)

Since dm < 0, therefore dT > 0. By integrating both sides of Equation (24)
v m

f dT = —f c?dm (25)
v=0 mo

we obtain the following expression for the kinetic energy
T = (mg —m)c? = (1 — yg)mgc? (26)

For v < ¢, we have y;~1 — f%/2 and Equation (26) reduces to T~m,v?/2. However, we
have T — mgc? when B — «. The relativistic momentum p of a particle of mass m with
velocity v can also be defined by the following relation

P =mv =Ygmyv (27)

In magnitudes, pc = mvc = fmc? = BE, where the total energy E is defined by the relation
E = mc? = myc? — T. From this definition, we obtain E - 0 when S — o. Using the
relations E = mc? and pc = BE, we also obtain the following Euclidean relativistic energy-
momentum relationship

E? = (moc®)? — (pc)? (28)

The energy-momentum relation given in Equation (28) is different from that in the pseudo-
Euclidean Minkowski spacetime by the negative sign of the momentum term. However, we
now show that it is still possible to formulate relativistic wave equations by using Dirac’s
mathematical method [15]. By applying the canonical method of quantisation in quantum
mechanics, we replace the energy E, the momentum p and the mass m, by operators as
follows

d 0 0 0

E-igy Pxo-ige Pyo-ign poo-igs and mo—mo (29)

For simplicity, we use the mathematical units in which A = ¢ = 1. The Dirac’s first order
relativistic partial differential equation is written in the form

EY = (aﬂ?x + azpy + azp, + ﬁmo)d’ (30)

where the unknown operators a; and 8 are assumed to be independent of the momentum p
and the mass m,. From Equation (30), we obtain

2
E*y = (alpx + azpy + azp; + 37”0) Y (31)

By expanding Equation (31), and due the fact that all linear momentum operators commute
mutually, in order to reduce to the form of the relationship given in Equation (28), the
operators a; and 8 must satisfy the following relations



a;a; + aja; =0 for i #j (32)

ﬁai + (liﬁ =0 (33)
al = -1 (34)
B2 =1 (35)

As shown in Appendix 2, to satisfy the conditions given in Equations (32-35), the operators
a; and S can be represented as

0 o
=2 0 (36)
1 0
=y -1 (37)
. : . _(0 1y (0 —i 1 0 :
where o; are Pauli matrices given by o; = (1 0), (i 0 ) and (0 _1). If we multiply
Equation (30) by the operator S, then it can be rewritten in a covariant form as
(iy#9, — mo )P (38)

where 8, = (0;,0y,0,,0,), y' = Ba; and y° = B. As in the case of the Dirac equation in the
pseud-Euclidean Minkowski spacetime, the solutions to particles at rest can be found as

eimt, lp4 —

0
0 eimt (39)
1

0

o O O

1 0
0 —; 1] _;

1.01 — 0 e lmt, 1/)2 — 0 e lmt, l,[)3 —
0 0

Now, it is observed that the canonical quantisation given in Equation (29) treats the proper
mass m, differently from the energy E and the momentum p. If the energy E and the
momentum p are replaced by operators then, due to the equivalence between mass and
energy, the proper mass m, should also replaced by a differential operator, which may be
related to the substructure of a quantum particle. Therefore, instead of the quantisation given
in Equation (29), we assume the following alternative quantisation in which the proper mass
m,, is replaced by im,
0 0 0

E-igp pem—ign py—>—ign pr>—ige and  mp—img (0

With m, — im, and using the units 4 = ¢ = 1, Equation (28) can be rewritten in the form
(iE)? = p* + my? (41)
The Dirac equation now becomes

iEY = (aﬂ?x + azpy + azp; + 37”0)@[) (42)



From Equation (42), we also obtain

GE)2 = (a1py + azpy + asp, + o) P (43)

By expanding Equation (43), and also due the fact that all linear momentum operators
commute mutually, in order to reduce to the form of the relationship given in Equation (41),
the operators a; and  now must satisfy the following relations

a;a; + aja; =0 for i #j (44)
Ba;+a;p =0 (45)
af =1 (46)
p*=1 (47)

As shown in Appendix 2, to satisfy the conditions given in Equations (44-47), the operators
«; and S can be represented as follows

a=(, 7 (48)

0i
p=(o ) ()

where g; are Pauli matrices given as g; = ((1) é) ((L) _Ol) and (é _01) If we multiply

Equation (42) by the operator 3, then it can also be rewritten in a covariant form as
(iy*9, —mo)yp (50)

where 9, = (at, Oy, 0y, az), y! = Ba; and y° = is. However, the solutions to particles at rest
in this case are real and can be found as

1 0

0y - _ 0
Y1 = 0 e™™, P, = e ™, ;= 1 e™, P, = e™ (51)
0

(=R )
o O O

0

In the following we will extend our presentation of the Euclidean relativity and show that the
special Euclidean relativity can also be generalised to formulate a general theory of Euclidean
relativity that also leads to the same experimental results as Einstein theory of general
relativity. We assume that Einstein field equations of general relativity can also be applied to
Riemannian spacetime manifolds which are endowed with positive definite metrics. In the
original Einstein theory of general relativity, the field equations of the gravitational field are
proposed to take the form [1]

1
Raﬂ - EgaﬂR = KTaﬁ (52)



where T,z is the covariant form of the energy-momentum tensor, R,z is the Ricci tensor
defined by the relation

_ar;;v G) R
BT 9x0 xY

2 2
+ Fuvrga - Fuar(lfv (53)
and the metric connection I'y,, is defined in terms of the metric tensor g, as

1 09sv  090u  09uv
= Ao av ol w
29 (Eix“ * ox¥  0x°

I, = (54)

and R = g“ﬁRaﬁ is the Ricci scalar curvature. As shown in Appendix 3, the Schwarzschild

vacuum solution can be obtained with a Riemannian positive definite metric for a centrally
symmetric field given in the form

ds? = e?Mc2dt? + e?*Mdr? + r2(d6? + sin?6d¢p?) (55)

The Schwarzschild vacuum solution is found as
C c\ 7t _
ds? = (1 + ?) c2de? + (1 + 7) dr? +12(d6? + sin20d¢?) (56)

where C is a constant of integration that can be identified with the mass of the source of a
physical field. In order to investigate the nature of the constant C we examine in this
spacetime the motion that is described by the geodesic equation

d2xH . dx? dx*
a5z Ttags s =0 G7)

With x° = ct and ds = cdr, the geodesic equation for = 0 can be found to satisfy the
relation [16]

(1+C>dt—C 58
r)dr ! (58)

where C; is a constant of integration. For u = 1, 2, 3 we obtain following the relations

d2r+ c <1+C> (dt)2+ C <1+C)_1 (dr)z 1+C> d9)2 2, (dqb)z o
dt? = 2r? r/ \dt 21?2 r dt r( r (dr s dt 59

d29+2drd9 0 H(dq))z o 60
dt?  rdrtdr SITLos dt) (60)
d’¢p 2drde de d¢

F-I-;EE-I- 2cotd EE =0 (61)

On the other hand, if we divide the line element given in Equation (56) by ds? = c2dz?, we
obtain the equation
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For a planar motion with 8 = /2, Equation (60) reduces to

299

T =(, (63)

where C, is a constant of integration. Using Equations (58) and (63), Equation (62) is reduced
to the equation

1= (149) T+ Ea G L)y 64
B r 1 r 4\dr c2r2 (64)
2
1 (do d
Using the |dent|ty ( ) <d¢( )) Equation (64) is simplified to
2

d (1) N 1 c? 1 Cz)_l_czC C o
do \r r2 (2 Y orcz o3 (65)
By differentiating Equation (65) with respect to ¢, we have

d (1) d? <1>+1 _d (1) c’C 3C 66
dp \r/\dep2\r/) "r] dp\r/\2c; 2r2 (66)
From Equation (66), we obtain the following two equations

d (1) =0 67
ap\r) = (67)

O

r 2C¢ 2r?
It is seen that as in the case of Schwarzschild solution with the Minkowski pseudo-
Riemannian metric, Equation (67) describes a circle and Equation (68) can be used to
describe the precession of planetary orbits around a gravitational mass if the constant C is
identified with the gravitational mass M as C = —2GM /c? and the constant C, is defined in
terms of the semi-latus rectum p of an ellipse as CZ = pGM.

It is noted that if the field endowed with the Riemannian metric given in Equation (45) is still
spherically symmetric but now time-dependent then the metric can be shown to be written in
the form [16]

ds? = e?vTDc2dt? + e22Mdr2 4+ 1+2(dh? + sin?6dep?) (69)



Similar to the case of time-independent spherically symmetric metric as shown in Appendix
3, the time-dependent metric given in Equation (69) can be reduced to the time-independent
Schwarzschild metric given in Equation (55) if the following condition is assumed

c
e =1+ - (70)

where A can be shown to be time-independent from the condition Ry; = (2/rc) dA/dt = 0.
For the case of a gravitational field, the constant of integration C can be identified as
C = —2MG /c?. Therefore, if A is time-independent then the mass M of a gravitational source
must be constant. This is the content of Birkhoff’s theorem which states that any spherically
symmetric vacuum solution of the field equations of general relativity is necessary static. It
can be observed that even though Birkhoff’s theorem is a perfect mathematical theorem, it
cannot practically be applied to physical reality because there is no physical object which has
a constant mass can be a physical star. We would like to give a further remark here on the
formulation of Robertson-Walker metric to describe the dynamical structure of the
observable universe in modern cosmology. The Robertson-Walker pseudo-metric can be
written in the following form

ds? = —c2dt* + S2(t)(dr? + r2d6? + r2sin20d¢?) (71)

In the cosmological line element given in Equation (71), the time t is a universal time and the
factor S2(t) is an expansion factor. However, since the metric is conformally flat in order for
the spatial section of spacetime to be described as a curved space it must be embedded into a
four-dimensional Euclidean space R*. Since a flat space R* does not exist in Einstein general
relativity, a fictitious flat space R* must be introduced so that a three-dimensional
hypersurface can be embedded. However, as has been discussed above, within the framework
of the Euclidean relativity, the flat space R* exists naturally and in this case the Robertson-
Walker pseudo-metric is modified to take the following form

ds? = c?dt? + S?(t)(dr? + r?d6? + r?sin?0d¢?) (72)

Similar to the case when the polar coordinates (x,y) = (rcos6,rsinf) are introduced to
describe a circle in the three-dimensional Euclidean space R3, the three-dimensional spatial
section can be described by introducing the spherical coordinates [8,16]

x! = asinysinfcos¢ (73)
x% = asinysinfsing (74)
x3 = asinycos6 (75)
x* = acosy (76)

With the spherical coordinates given in Equations (73-76), the line element given in Equation
(72) can be expressed in the form



ds? = c2dt? + Rz(t)( dr? + r2de? + rzsin29d¢>2> (77)

1—Kr?

where the Gaussian curvature K can take values K = 0,1/a?,—1/a?.

Appendix 1

The postulate of the invariance of the speed of light has been re-examined recently by many
authors, and it has been shown that the special theory of relativity can be developed using
only the principle of relativity, which postulates the invariance of physical laws in any
inertial frame of reference [17-19]. Even though relativistic transformations can be derived
from the principle of relativity alone, these formulations do not specify or determine the
universal speed that must be accompanied the special relativity for any further development
or application of the theory. Furthermore, it should be mentioned here that even within
Einstein’s theory of general relativity, whether the constancy of the speed of light has a
global character is a question that has also been discussed [20,21]. In this work, we will use
the relativistic transformations that are derived only from the principle of relativity to show
that the Michelson-Morley experiment can be used to verify the fact that the speed of light is
not universal as postulated in Einstein’s theory of special relativity. For the clarity for our
discussions in the following, first we recapture the necessary procedure to calculate a possible
shift of the interference pattern in the Michelson-Morley experiment. In the Michelson-
Morley experiment, light rays are made to travel along two optical paths [, and [, which are
perpendicular to each other. In this work we assume the length of all optical paths to be kept
constant. If the whole apparatus is moving in the direction of [, at speed v then by using the
Galilean law of composition of velocities the times t; and t, taken for light to travel along [;
and [, can be calculated, respectively, as follows [22]

Ll 21, /c
tl_c—v+c+v_1—v2/cz (1)
2l,/c
(2)

t, =
2 (1— U2/02)1/2

where v is the velocity of the earth in its orbit. From Equations (1) and (2), a time difference
A= t; —t, is obtained

_ 2l/c 2l,/c
1-v2/c?  (1—wv2/c?)1/2

Ay (3)

If v < ¢ then, using the relation (1 + x)* ~ 1 + kx, where k is a real number, the time

difference A; is approximated

2([1 - lz) 2l1U2 lzvz
~ + —
c c3 c3

(4)

1



Now, when the whole apparatus is turned so that its direction of motion is parallel to [, then a
new time difference A,= t; — t, is obtained

2l,/c 2l,/c
g 2h/e 2/ -
(1-v2/c)V2 1-v2/c?
If v «< c then the time difference A, is approximated
2(L, - 1) Lv? 2L,v?
A= . + 3 3 (6)

From the time differences given in Equations (3) and (5), the interference pattern would shift
by an amount § = c(A; — A,)/A as follows

6—C 2l,/c 2l,/c 2l,/c N 2l,/c
- 1—-v2/c2 (1- Uz/C2)1/2 (1- v2/cz)1/2 1—v2/c?

; ™

From Equation (7), an approximate amount of the shift of the interference pattern for the case
v « cis found as

A4y U+ [)v?

0 A Ac? ®)
And when [; = [, = [, then
2lv?
~ Ac? ©)

With v =~ 30 km/sec, A =6 x 10~"m and [ = 1.2 m, the relation (9) gives § ~ 0.04 fringe.
Michelson and Morley reported to observe only a small shift of the fringe pattern of at most
0.005 fringe [23]. This has been considered as a null result. The null result obtained from the
Michelson-Morley experiment has been considered to be consistent with Einstein’s postulate
of the invariance of the speed of light in empty space, which results in the following
transformation of velocities

Ut 10
ux_1+u,'cv/cz' (10)
Cuy(1—uw/c?) (1D

E J1—=v2%/c?

It should be emphasized here that the shift of the interference pattern given by the relation (9)
is derived from the Galilean transformation. However, the use of the Galilean transformation
in the Michelson-Morley experiment is probably not appropriate to determine whether the
speed of light in vacuum is universal. In fact, as will be argued in the following, when only
the principle of relativity is used to formulate the special relativity then even the smallest
fringe shift obtained from the Michelson-Morley experiment can be used to verify that the
speed of light in vacuum is not universal.



As shown in the above-mentioned references [17-19], without postulating the constancy of
the velocity of light in vacuum, the principle of relativity alone can be used to derive the
relativistic addition law for parallel velocities as follows

Uy + v

Uy = ————
* 1+ Kuw

(12)

where K is a universal constant. If the optical path [; is along the direction of u, and if
u, = c then the time ¢, for light to travel along [, is given by

l l 21 1 — Kv?
ety -

_c-v ct+v c \1—v2/c?

1-Kcv 1+Kcv
To calculate the time t, for light to travel along [, in the direction perpendicular to the
direction of v, we note that in order to be consistent with the transformation of the
perpendicular component in Einstein’s theory of special relativity given in Equation (11), the
perpendicular component of velocity in the special relativity that is derived only from the
principle of relativity should be transformed as

u, (1 — Ku,v)
u, = (14)
V1 — Kv?
In the case when u, = 0 and u,, = ¢y/1 — v2/c?, then we obtain
1 —v?%/c? (1s)
U, = ——
Y VI-Kv?
The time t, = 21, /u,, for light to travel along [, is calculated as
2 1-Kv2\ iy
27 ¢ \1—v2/c? (16)

Using the relativistic transformations given in Equations (13) and (16), the interference
pattern would shift by an amount § = c(A, — A,) /A given by

_cf 2 [ 1-kv? 20, { 1-Kv2 \2 21 £ 1-kv2 \Y2 21, [ 1-Kv?
6= 2 (T (1—U2/C2) e (1—v2/c2) T e (1—1)2/C2) + ¢ (l—vz/cz) (17)
For the case when [; = [, = [, Equation (17) is reduced to
o[ (1-kv? 1-Kv2 \"? 5
S a\\1—v2/c2 1—v2/c? (18)

From Equation (18), an approximate amount of the shift of the interference pattern for the
case v < c is found as



5 = c(Ay —Ay) N 2lv? ( 1 K) (19)

A A

This result show that if an absolute null result is obtained from the Michelson-Morley
experiment, § = 0, then K = 1/c?. In this case light rays would move at the same speed in
all reference frames as postulated in Einstein’s theory of special relativity. However, even
with the so-called null result of § = 0.005 fringe, as obtained from Michelson-Morley

experiment, the speed of light in vacuum is not universal. If we let ¢, = 1/+K then it is seen
from Equation (19) that ¢, > c. The speed ¢, is a universal speed.

Appendix 2

Assume the operators «; are represented in terms of the operators g; in the forms

_ ] 0 0 O'i) (O'i 0 )
a = (0 O'l') or (O'i 0 or 0 —0; (1)
Then we obtain
2
2 of 0
2 — 2
i (0 O.i2> ( )
If 67 = 1 then a? = 1. On the other hand, if 67 = —1 then a? = —1. Now, if the operators
a; are given in the forms
_ 0 o;
%= (—Gi 0) ®)
Then in this case we obtain
2
2 —0; 0
2 — 4

If 67 = 1 then a? = —1. On the other hand, if 67 = —1 and then a? = 1.

If we write the operator g; as a two by two matrix in the form

a=(¢ ") (5)

c

then from the requirement o7 = 1, we arrive at the following system of equations for the
unknown quantities a, b, c and d

a’+bc=1 (6)
b(a+d) =0 %)

cla+d)=0 (8)



d2+bc=1 9

From Equations (6) and (9) we obtain d = t+a. If d = a then b = ¢ = 0 and the operator g;

can take the values o; = ((1) (1)) or g; = (_01 _01) If d =—aandif b = c =0, then the

operator o; can be as o; = ((1) _01) If d =—a butb # 0 and c # 0, then the operator o;
can be written in the form o; = ((1) é) or g; = ((l) _Ol) These are only a few standard

representations of the operators g;. It is also seen from the representations of the operators «;
given in Equations (1) that there are many different combinations that can be chosen for the
operators a; and S to satisfy the following relations

a;a; + aja; =0 for i #j (10)
Ba; +aif =0 (11)
a? =1 (12)
p*=1 (13)

The most common use of the forms of the operators «; is defined in terms of Pauli matrices

_ (0 1\ (0 —i 1 0 _(0 o :
0; = (1 0), (i 0) and (0 _1) as a; = (Gi 0)' In this case the operators a; are

found as follows

0 0 0 1 0 0 0 =i 0 0 1 0
[0 0 1 O [0 0 i o0 [0 0 0 -1
“=lo 10 0) 2 |0 i 0 o] @™M®B\1 o 0 o (14)
1 0 0 O i 0 0 O 0 -1 0 O
In addition, if the operator S is defined in terms of the operators o; as ff = (%‘ _0.> then
l
with g; = (1 0) the operator S takes the form
0 1
1 0 0 O
[0 1 0 O
F=lo 0 -1 o (15)
0 0 0 -1
Now, for the operators a; and £ to satisfy the Euclidean relations
a;a; + aja; =0 for i #j (16)
Ba;+aif =0 (17)

a? =—1 (18)



p*=1 (19)

the operators «a; can still be defined in terms of Pauli matrices g; = ((1) é) ((l) _Ol) and

. . 0 ; .
((1) 01) by using the representation a; = (_G %‘). In this case the operators «; are found
- i
as follows
0 0 0 1 0 0 0 —=i 0O 01 O
(0 0 1 0 (0 0 i O (0 0 0 -1
“=lo —100) % o 0 of @MBI\_1 90 o]
-1 0 0 0 - 0 0 O 0O 1 0 O
o . ;0 .
However, the operator g is still defined in terms of the operators g; as f = (%‘ _0,> with
L

o; = (é (1)) as above.

Appendix 3

With the line element given in Equation (55), the tensor metric g,z and its inverse are given
as

e? 0 0 0
gus =| O et 0 0
“~\o o 2 o0
0 0 0 r3sin%g
e~V 0 0 0
0 e 0 0 \
1
gr=1 0 0 5 0 (™)
r
0 0 !
r2sin?%6
The non-zero components of the affine connections are
dv
Fgo = F81 = E
dv da
[y, = —e?v24 e I = o Iy, = —re 24 [y = —rsin?ge~2%
2 2 1 2 .
I, =I5, = = ['5; = —sinfcosf
3 3 1 3 3
I3 =131 = oy 23 = I'3; = cotf (2)

The non-zero components of the Ricci curvature tensor are



o 4 dwn? dvdd 2dv

Ry = evess (LY _ (A dvdh 2y
dr? dr drdr rdr

oo 4 (dV)Z_I_dvd)l_l_Zdv
11 dr? dr drdr rdr
R —( 142 dv) 241
2z rdr rdr €
R33 = RZZSiHZQ (3)

For the vacuum solution, from Ry, = 0 and R;; = 0, we obtain the identity

d/1+dv_0 4
dr dr @)

On integration Equation (4) we have
Ar)+v(r)=C (5

where C is an undetermined constant. However, with the assumption that the metric given in
Equation (1) will approach the Euclidean metric as r — o, we have C = 0. Therefore we
have

A(r) = —v(r) (6)
With the condition given in Equation (6), the component R, can be rewritten as
d(re?")

=1 (7)

From Equation (7) by integration we obtain
C
e?V =1+ 7 (8)

where C is a constant of integration.
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