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Abstract

An alternative formulation to the special theory of relativity was developed based on the concepts
of absolute time and absolute space defined by Newton and on the hypothesis that physical
space is four-dimensional. In order to prove this formulation is mathematically valid, the Lorentz
transformation was derived from the Galilean transformation for frames of reference in four-
dimensional euclidean space.

I. Introduction

According to Newton, time and space
are absolute [1]. This means that time
and space exist independently from

physical events and from each other. Further-
more, Newton argued that an object is either
at absolute rest if it is stationary with respect
to absolute space or in absolute motion if it is
moving with respect to absolute space [2]. For
this reason, he contended that absolute space
is a privileged frame of reference [3]. If New-
ton is correct, then the Galilean transformation
is the set of equations that accurately relate
the time and space coordinates of two systems
moving at a constant velocity relative to each
other [4]. In this article we use these concepts,
together with the hypothesis that space is four-
dimensional, to develop an alternative formu-
lation to the special theory of relativity. We
prove this formulation is mathematically valid
by deriving the Lorentz transformation from
the Galilean transformation for frames of refer-
ence in four-dimensional euclidean space.

II. Postulates

The alternative formulation of special rel-
ativity that we have developed is based
on the following postulates:

• Time and space are absolute.
• Space is four-dimensional.
• All inertial frames of reference move at

the speed of light with respect to absolute
space.

The first postulate refers to the same concepts
defined by Newton in 1687 [5]. The second
postulate states that physical space is a four-
dimensional euclidean space. This is our funda-
mental hypothesis. The third postulate posits
that inertial frames of reference (which repre-
sent real physical objects) are never at rest with
respect to absolute space and move only at one
speed with respect to it, the speed of light. This
proposition is similar to the result obtained
from the theory of relativity which affirms that
all objects move at the speed of light with re-
spect to spacetime [6]. Lastly, these postulates
differ from Nordstrom’s theory and from the
Kaluza-Klein theory in that time and space are
not absolute and space is not euclidean in those
formulations [7-11].

In addition to proposing these postulates,
we need to take into account that the funda-
mental theories of modern physics have always
assumed space is three-dimensional. This re-
mark can be stated as follows:

• If space has four dimensions, but physi-
cists have been assuming it has only three,
then this would have had consequences
that affect the theories they have for-
mulated.and the interpretation of the re-
sults from the experiments they have per-
formed.

We shall refer to this statement as the ob-
server’s principle. It follows directly from the
postulate that space is four-dimensional and
from the fact that physicists (the observers)
have been assuming space is three-dimensional
based on their visual perception.
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The mathematical formulation of the postulates
we propose is the following:

• The first postulate allows us to use the
Galilean transformation to relate the coor-
dinates between frames of reference that
move at a constant velocity relative to each
other [12].
• The second postulate implies that the

frames of reference we use must have four
spatial coordinates.
• The third postulate tells us that the speed

between any inertial frame of reference
and absolute space must be equal to the
speed of light.

The consequences that the observer’s principle
refers to can be represented mathematically.
Specifically, we have that if a physicist assumes
space has only three dimensions, he will

• implicitly assign a value of zero to the
fourth spatial coordinates of any event,
• think that the velocity projected unto the

three-dimensional space he visually per-
ceives is in fact the velocity between the
inertial frames of reference, and
• conclude that only three coordinates are

needed to specify the position of an event.

For the rest of the analysis in this paper, we
will be assuming that the postulates presented
in this section are true.

III. Derivation

In order to derive the Lorentz transforma-
tion, we are going to be using four rectan-
gular coordinate systems: S, A, A’ and S’.

Each system contains four coordinates used
to specify the position of a physical event in
four-dimensional euclidean space and a time
coordinate used to specify the instant in which
that event takes place. The coordinates of an
event E for each system are:

• (x1, x2, x3, x4, t) according to S
• (X1, X2, X3, X4, T) according to A
• (X′1, X′2, X′3, X′4, T′) according to A’
• (x′1, x′2, x′3, x′4, t′) according to S’

The instant in which an event occurs does not
depend on the frame of reference it is measured
from (time is absolute). This means that

t = T = T′ = t′ (1)

We will be considering the case where the
movement of these coordinate systems is re-
stricted to the plane containing the axes from
the first and fourth dimensions, such that

x2 = X2 = X′2 = x′2 (2)

x3 = X3 = X′3 = x′3 (3)

The coordinate systems A and A’ are fixed with
respect to absolute space, their origins coincide
and their axes are rotated according to

X′1 = X1 cos θ − X4 sen θ (4)

X′4 = X1 sen θ + X4 cos θ (5)

−90◦ ≤ θ ≤ 90◦

where θ is the angle of rotation. If we solve for
the coordinates X1 and X4 in equations 4 and
5, we get

X1 = X′1 cos θ + X′4 sen θ (6)

X4 = −X′1 sen θ + X′4 cos θ (7)

The coordinate system S represents an inertial
frame of reference. It moves along the com-
mon axis X4–x4. According to our postulates,
inertial frames of reference move at the speed
of light with respect to absolute space. Conse-
quently, the Galilean transformation equations
for this case are

x1 = X1 (8)

x4 = X4 − ct (9)

where c is the speed of light. Similarly, the
coordinate system S’ (which also represents an
inertial frame of reference) moves at the speed
of light along the common axis X′4–x′4. Thus,
the Galilean transformation equations are

x′1 = X′1 (10)

x′4 = X′4 − ct′ (11)
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The velocity of the frame of reference S’ pro-
jected unto the three-dimensional subspace
formed by the x1–x2–x3 axes is given by

v1 = c sin θ (12)

where v1 is the component of the velocity of S’
along the X1 and x1 axes.

The observer’s principle states that, if a
physicist assumes space is three-dimensional,
he will implicitly assign a value of zero to
the fourth spatial coordinates of an event and
think that the velocity projected unto the three-
dimensional space he visually perceives is in
fact the velocity between the inertial frames of
reference. Hendrik Lorentz assumed space is
three-dimensional, therefore we have that

x4 = 0 (13)

x′4 = 0 (14)

and
v1 = v (15)

where v is the (erroneously supposed) velocity
between the reference frames S and S’.

Now we are ready to derive the Lorentz
transformation and its inverse transformation.
First we substitute eq. 15 into eq. 12 and solve
for sin θ:

sin θ =
v
c

(16)

Then we use the Pythagorean trigonometric
identity to obtain the function of cos θ, so that

cos θ =
√

1− sin2 θ (17)

Next we substitute eq. 16 into eq. 17:

cos θ =

√
1− v2

c2 (18)

The Lorentz factor is a term that frequently
appears in the equations of the special theory
of relativity. It is given by

γ ≡ 1√
1− v2

c2

(19)

Therefore we have that

cos θ =
1
γ

(20)

The next step is to solve for the coordinates X1,
X4, X′1 and X′4 in equations 8, 9, 10 and 11 re-
spectively, and substitute them into equations
4, 5, 6 and 7:

x′1 = x1 cos θ − (x4 + ct) sin θ (21)

(x′4 + ct′) = x1 sin θ + (x4 + ct) cos θ (22)

x1 = x′1 cos θ + (x′4 + ct′) sin θ (23)

(x4 + ct) = −x′1 sin θ + (x′4 + ct′) cos θ (24)

Equations 21, 2, 3, 22 and 1 give us the Galilean
transformation for the case described in this
section. The corresponding inverse Galilean
transformation is given by equations 23, 2, 3, 24
and 1. The angle of rotation θ can be obtained
from eq. 12. These transformations provide
the complete relationship between the inertial
frames of reference S and S’ when describing
a single event occurring in four-dimensional
euclidean space.

Before proceeding with the final steps of the
derivation, we need to use eq. 1 to substitute t′

for t and t for t′ in equations 21, 22, 23 and 24:

x′1 = x1 cos θ − (x4 + ct′) sin θ (25)

(x′4 + ct) = x1 sin θ + (x4 + ct′) cos θ (26)

x1 = x′1 cos θ + (x′4 + ct) sin θ (27)

(x4 + ct′) = −x′1 sin θ + (x′4 + ct) cos θ (28)

These equations (together with equations 1, 2
and 3) also provide a valid and adequate de-
scription of the relationship between the iner-
tial frames of reference S and S’.

The mathematical consequences of the ob-
server’s principle are represented by equations
13, 14, 16 and 20. For this reason we substitute
them into equations 25, 26, 27 and 28:

x′1 =
x1

γ
− vt′ (29)

ct =
vx1

c
+

ct′

γ
(30)

x1 =
x′1
γ

+ vt (31)

ct′ = −
vx′1

c
+

ct
γ

(32)
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The last step of the derivation is to solve for
the coordinates x1, t′, x′1 and t in equations 29,
30, 31 and 32 respectively:

x1 = γ(x′1 + vt′) (33)

t′ = γ
(

t− vx1

c2

)
(34)

x′1 = γ(x1 − vt) (35)

t = γ

(
t′ +

vx′1
c2

)
(36)

Equations 35, 2, 3 and 34 form the Lorentz
transformation for inertial frames of reference
that move relative to each other at a constant
speed v along their common axis x1–x′1 (also
known as the Lorentz boost in the x1 direction).
That transformation is given by

x′1 = γ(x1 − vt) (37)

x′2 = x2 (38)

x′3 = x3 (39)

t′ = γ
(

t− vx1

c2

)
(40)

Likewise, equations 33, 2, 3 and 36 form the
corresponding inverse Lorentz transformation,
which is

x1 = γ(x′1 + vt′) (41)

x2 = x′2 (42)

x3 = x′3 (43)

t = γ

(
t′ +

vx′1
c2

)
(44)

Notice these equations (37–44) contain only
three coordinates that specify the position of
an event (instead of four). This is due to the fact
that Hendrik Lorentz assumed space is three-
dimensional when he formulated them, which
is what the third mathematical consequence of
the observer’s principle predicted. This remark
completes the derivation. The more general
form of the Lorentz transformation can be ob-
tained by extending the procedure presented
here.

As a final note, we want to point out that the
Galilean transformation derived in this section
(given by equations 25, 2, 3, 26 and 1) and its

corresponding inverse (equations 27, 2, 3, 28
and 1) describe a single event. However, when
the values of the fourth coordinates are set
equal to zero (equations 13 and 14), then the
resulting equations describe two events that
occur at the same place but at different times.
That would be the interpretation of this result
from a mathematical perspective. From a phys-
ical perspective, this result is telling us that the
effects from the Lorentz transformation (such
as time dilation, length contraction and the con-
stancy of the speed of light) are actually depth
perception effects that are being interpreted as
real effects because the fourth spatial dimen-
sion is not been taken into account. Other inter-
esting remarks can be made about this result,
but we will address them more profoundly in
a future paper.

IV. Conclusion

In this article we used the concepts of ab-
solute time and absolute space defined by
Newton and the hypothesis that physical

space is four-dimensional to develop an alter-
native formulation to the special theory of rel-
ativity. We proved this formulation is mathe-
matically valid by deriving the Lorentz trans-
formation from the Galilean transformation
for frames of reference in four-dimensional
euclidean space. Based on this result, we
concluded that the effects predicted by the
Lorentz transformation are actually depth per-
ception effects that are being misinterpreted
by physicists because they have been assum-
ing space has only three dimensions instead of
four. Therefore, our final conclusion is that the
alternative formulation to the special theory
of relativity presented here could be consid-
ered as evidence in favor of the hypothesis that
physical space is actually four-dimensional.
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always supported me and was there for me.
Without him, this work would not have been
possible.
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