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Abstract

In this paper, we present a harmonic reinterpretation of the theory of relativity,
wherein the circle emerges as the mathematical entity underlying physical reality.
This approach stems from a reconsideration of the Minkowskian rotation. Its
imaginary character–both in angle and in time–is attributed to the observer’s
embeddedness within the physical structure of reality, while the rotation itself is
understood as a physical manifestation of an underlying fundamental cycle. This
cycle, which operates across all physical scales, is posited as a potential organizing
principle of nature, possibly reflecting a deeper layer of physical law. At its
largest possible scale, this reinterpretation yields a cyclic, observer-dependent
cosmological model in which the observable universe is understood as only half of
a broader, more complete cosmological scheme, the other half remaining beyond
direct observation. This novel perspective arises from a philosophical analysis of
what is known in cosmology as the problem of the beginning, offering a logically
grounded framework for the origin of the universe.

Keywords: Minkowskian rotation, cyclic cosmology

1 Introduction

In 1905, the special theory of relativity introduced a series of phenomena that were
far beyond the reach of our daily experience of reality: time ceased to have its abso-
lute connotation, becoming relative to the observer, and so did length measurements.
As a consequence, we entered a domain where physical intuition lost prominence in

1



favor of mathematical reasoning. In this regard, the work by Minkowski in 1908 [1]
represented a crucial milestone, as it identified the proper mathematical structure
underlying relativity: a transformation formally equivalent to a rotation, but involving
complex coordinates. Explicitly, the transformation reads:

x′ = x cos iθ + iy sin iθ

iy′ = −x sin iθ + iy cos iθ

where the y-coordinate relates to time according to y = ct [2]. At the time, no physi-
cal explanation was offered regarding the presence of the imaginary unit; rather it was
understood as a convenient mathematical device that correctly captured the physics.
Following this path, most authors embraced a more abstract formulation. In partic-
ular, the relationship between the trigonometric functions of an imaginary angle and
the hyperbolic functions, sinh θ and cosh θ, led to the hyperbolic formulation of spe-
cial relativity (see [3] and references therein), which today underpins the symmetry
principles of quantum field theory (QFT) by governing how fields transform under
Lorentz boosts and ensuring the relativistic invariance of physical laws [4, 5].

However, rather than remaining within the hyperbolic framework, here we focus on
the fact that the underlying structure is fundamentally a rotation, directly connected
to the geometry of the circle. The fact that it is the circle—and not any other com-
plex curve—underlying relativity suggests a hidden simplicity that calls for a physical
explanation. The aim of this article is precisely to address why the circle appears,
and what role the imaginary unit plays. In particular, we will show that Minkowski’s
imaginary rotation results from combining two ideas: the concept of cyclicity, and the
inclusion of the observer within the physical system. The former brings about the
rotation, while the latter forces both the time coordinate and the angle to acquire a
pure imaginary character.

Cyclic behavior is evident across a broad range of physical phenomena—from astro-
nomical motions to atomic oscillations. Thus, the emergence of circular or rotational
structures at a fundamental level is intuitively appealing and conceptually welcome.
In contrast, the introduction of imaginary time, although mathematically effective,
remains far less intuitive and poses deeper interpretative challenges. Whether it has
a true physical basis or is merely a mathematical artifact has been considered at
different stages throughout the development of theoretical physics [6–18]. Of special
relevance is the work by Wick (1954) [19] who introduced the so-called Wick rotation
to transform oscillatory path integrals into convergent ones in QFT, primarily as a
computational tool, but its meaning has often remained abstract.

Finding a physical interpretation for the Minkowski rotation is far from being a
merely academic pursuit; it carries profound implications for our understanding of
reality at its most fundamental level. As outlined in this work, it enables a harmonic
reinterpretation of relativity—one that naturally integrates special relativity and grav-
ity—whose simplicity suggests a more intrinsic formulation of the theory, while also
giving rise to new relativistic expressions. Furthermore, this approach yields valuable
insights into the nature of spacetime and quantum gravity. Notably, two concepts
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slightly emerge that may prove crucial for the future development of a unifying the-
oretical framework: first, that large spacetime curvatures may not be exclusive to
extremely massive bodies—or other energy forms—; and second, that the dynamic
structure of spacetime might be described as a superposition of harmonic oscillators
of inherently complex nature. When extended to the largest cosmological scales, this
harmonic interpretation offers a novel framework for understanding fundamental phe-
nomena such as accelerated expansion, dark matter, dark energy, and even the Big
Bang itself, while simultaneously lending substantial support to cosmological mod-
els based on cyclic evolution [20–22]. In light of these considerations, the physical
interpretation of Minkowski rotation may serve as a fruitful starting point for further
exploration, potentially contributing to a more integrated understanding of the laws
governing both the microscopic and macroscopic domains.

The approach taken begins by questioning the notion of a universe with a begin-
ning: indeed, a universe that begins spontaneously invokes the concept of spontaneous
generation, which is philosophically and physically problematic. To avoid this, a con-
servation principle must be introduced to govern the transformation of a pre–Big Bang
“substance” into the observable universe. However, to also prevent the spontaneous
emergence of this primordial substance itself, the existence of a cycle between the two
states must be postulated. This leads to the proposal of two distinct and opposing
natures—denoted X and Y—which alternate in an eternal cycle. If X represents the
presence of the physical universe, then Y corresponds to its absence. This recurring
process is referred to as the fundamental cycle.

2 The Fundamental Cycle

The conception of the Big Bang as the beginning of time inherently entails a philo-
sophical and physical difficulty often referred to as the problem of the beginning: how
can presence arise suddenly from absolute nothingness?

If we are to take seriously the task of understanding the origin and nature of the
universe, we must reject the idea that something can emerge from nothing, for such a
notion undermines the very foundation of rational inquiry. This rejection is implicitly
encoded in the principle of conservation—most notably, energy conservation—which
asserts that entities are not created ex nihilo, but rather transformed from one state
to another.

If spontaneous generation is to be avoided, it follows that a more fundamental
conservation principle—broader than that of energy—must be invoked. Consequently,
we are led to posit that prior to the Big Bang there existed some form of pre-physical
reality that transformed into what we now identify as presence.

At this stage, we can say little about the nature of this antecedent state, except
that it must be antithetical to presence—namely, absence. However, absence itself
is unlikely to have arisen spontaneously either; it must have been preceded by its
counterpart, presence. Therefore, it becomes evident that the only way to overcome
the notion of spontaneous generation is to assume a cyclical dynamic between two
opposing conditions. Indeed, if the structure of reality is grounded in logic, such a
cyclical relationship emerges as the only coherent alternative. But does nature offer
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any example in which two fundamentally opposing realities—such as presence and
absence—alternate in a sustained dynamic?

Yes, it does. For instance, the moon cycle: the cycle of the moon alternates light
and shadow, which are also two antagonistic natures since darkness is absence of
light. Therefore, let this simple yet profound structure provide a natural metaphor
to inquire how presence in the universe alternates with absence (Fig. 1); within this
analogy—which should only be understood as a pedagogical resource to lead us to the
desired formalism—, the new moon would be the equivalent of the Big Bang, while
the full moon would stand for a universe at its fullness of presence.

Fig. 1 Shows a symbolic representation of the phases of the moon. The moon cycle is a natural
phenomenon that combines two antagonistic substances, light and darkness, just like presence and
absence in the universe are assumed to be.

X

X
Y

Y
+=

Fig. 2 Shows the illuminated and dark surface of the moon as two squares of side X and Y respec-
tively.

Now, let us imagine that the dark region of the waning moon can be reshaped into
a square of side Y , as illustrated in Fig. 2. Its area would then be Y 2. Similarly, let
X2 denote the area of the illuminated portion. The total visible surface of the moon
is thus given by

X2 + Y 2 = 1 (1)

where the unit value represents the total lunar surface, expressed in suitable units.
This equation is Pythagorean in nature, as it relates the legs of a right triangle.
Consequently, the various phases of the moon can be graphically represented through
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right triangles, as shown in Fig. 3. By superimposing these triangles, as in Fig. 4,
one observes that the upper vertex of the triangle traces a circular trajectory of unit
radius as the lunar phases progress. Notably, a single revolution encompasses two full
moons and two new moons—indicating that the cycle is completed twice.

X

Y
1

X’

Y’
1

X’’

Y’’

1

Fig. 3 Shows different right triangles corresponding to different values of lunar illumination (X)
and shadow (Y ). From left to right, the illuminated portion X decreases while the shadowed portion
Y increases.

Assuming that the temporal evolution of the lunar phases can be described by a
uniform circular motion (UCM), the angular position α at time τ can be expressed as:

α = ωτ (2)

where ω denotes the angular velocity.

2.1 Real and Imaginary

We now inquire whether an analogous expression to Eq. (1) can be established for the
concepts of presence and absence in the universe.

When observing the moon, both its illuminated and dark regions are per-
ceptible, primarily because the observer retains an external vantage point. In
contrast, such equidistant observation is impossible in the case of the universe,
as we are part of its very structure. Our perceptual faculties are restricted
to detecting presence—analogous to the illuminated portion of the moon—while
absence—corresponding to its shadow—remains entirely beyond our grasp. In this
sense, absence is inconceivable (see Fig. 5). Nonetheless, if the analogy with the moon
holds, the sum of the illuminated and shadowed areas yielding the moon’s total surface
should have a conceptual counterpart in the universe. In other words, our only hope
for accounting for the invisible lies in the assumption that the sum of presence and
absence results in a total quantity, such that absence could be inferred by subtracting
presence from this total.

In the case of the moon, light and darkness are not entirely independent entities:
they are defined through their mutual opposition. Darkness is the absence of light,
and light the absence of darkness. If numerical values were to be assigned, one might
associate light with positive real numbers and darkness with negative real numbers,
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Fig. 4 Superimposed triangles from Fig. 3, arranged on coordinate axes representing light and
darkness. The temporal evolution of lunar phases is modeled as a uniform circular motion, with the
angle α varying linearly with time τ . Notably, a single revolution around the circle encompasses two
complete lunar cycles.

whereby the sign reflects their antagonistic relation. The product

(−) · (−) = +

then becomes the algebraic analogue of the proposition that the absence of darkness
is light.

However, this numerical representation falls short when applied to the universe.
While the use of positives and negatives may capture the antagonism between presence
and absence, it fails to convey the deeper notion that absence appears inconceivable
from within presence.

How, then, can this be addressed? We know that physical reality is quantified using
real numbers. It follows that absence should be represented by a class of numbers that,
from the standpoint of the real, appears similarly inconceivable.

Do such numbers exist? Indeed, they do: the imaginary numbers—those defined
by the square root of negative one, denoted by the symbol i. From the perspective of
real numbers, i is a mathematical impossibility, as no real number squared yields −1.
Thus, it is fundamentally inconceivable from the standpoint of the real. At the same
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time, the antagonistic relationship is preserved, since the product

i · i = −1 (3)

implies that the imaginary of the imaginary is real, thereby expressing the proposition
that the proposition that the absence of absence is presence.

Henceforth, we adopt the following interpretative principle:

• Presence and absence in the universe relate to one another analogously to real and
imaginary numbers.

R

incomprehensible
unattainable
inconceivable

R+ R- R+-

the Universethe Moon

Light

Shadow
Presence

Absence

Beyond:
or

Fig. 5 Shows the essential distinction between the case of the Moon and that of the Universe.
While the Moon can be observed from an external vantage point—allowing us to simultaneously per-
ceive both its illuminated and dark regions—the Universe, by contrast, can only be experienced from
within. Consequently, we only have access to what is present, whereas absence—what lies beyond—is
fundamentally inaccessible, incomprehensible, or inconceivable. If one were to assign algebraic values
to the Moon’s light and shadow, one might naturally use positive and negative real numbers, respec-
tively, with the sign encoding their antagonistic relationship. In the case of the Universe, however, in
addition to this antagonism between presence and absence, one must also capture the inconceivable
nature of absence. This is achieved by introducing the imaginary unit.

From the above considerations, it follows that Fig. 4 must be modified to describe
the universe by assigning imaginary values to the y-axis, as shown in Fig. 6.

2.2 A view from within

Note that the quantitiesX and Y in Fig. 6 continue to satisfy the Pythagorean relation
in Eq. (1). At first glance, this may appear surprising, since converting the y-axis to
imaginary seems to have had no effect on the expression. However, this invariance
holds only from an external perspective: when viewed from outside the system, both
X and Y are interpreted merely as geometric lengths in the plane.

Yet, if X and Y are to represent the distinct natures of presence and absence,
then they cannot be treated on equal footing. Rather, they must preserve their real
and imaginary identities at all times. Although they may appear equivalent from
the outside—simply as coordinates in a diagram—from an internal perspective their
qualitative differences must be preserved. That is:
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Fig. 6 Depicts a Uniform Circular Motion (UCM) representing the cyclic transition between presence
and absence. This diagram adapts the lunar phase analogy to the conceptual framework of the
Universe, where the imaginary axis accounts for the inaccessibility of absence.

• If we inhabit a world that is real, then from the standpoint of being (or presence), the
invisible—or absence—appears as something incomprehensible and inconceivable.
Consequently, any quantities used to describe it must also reflect this inconceivability
within mathematics, for example, through the use of the imaginary unit,

√
−1. Thus,

what appears externally as Y must be represented internally as iY .

This leads us to the key shift in perspective, formalised as:1

Y → iY (4)

Thus, although Fig. 6 visually designates the y-axis as imaginary, this reinterpre-
tation must also be applied in all relevant equations, using iY instead of Y , to ensure
the point of view remains internal to the structure.

For example, applying this substitution to Eq. (1) yields a reformulated expression
that reflects an internal perspective:

X2 + (iY )2 = 1 ⇒ X2 − Y 2 = 1 (5)

In other words, while externally the system exhibits circular geometry—as captured
by Eq. (1)—an internal observer perceives it as hyperbolic, consistent with Eq. (5).
Hence, once one is embedded within the physical system, the geometry associated with
the fundamental cycle becomes hyperbolic in nature.
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Fig. 7 The cyclic interplay between presence and absence is here associated with the two fundamen-
tal physical quantities: space x and time t. Accordingly, the transition between presence and absence
manifests physically as a spacetime rotation.

2.3 Connection with physics

One may now ask: does this internal reinterpretation of circular geometry—represented
by Eq. (5)—have any physical significance? To physicists, the answer is immediate: it
bears a strong resemblance to the relativistic invariant interval :

x2 − c2t2 = 1

where x denotes space, t denotes coordinate time, and c is the speed of light in vacuum.
By comparing the two expressions, one can infer that what has been referred to as
presence (or real) corresponds to spatial dimensions, while absence (or imaginary)
maps onto time. That is,

X → x Y → ct (6)

Let us provisionally assume the validity of this identification; the following section
will investigate its consistency in more detail. Under this assumption, Fig. 6 is trans-
formed into Fig. 7, such that the fundamental cycle of presence and absence becomes
reinterpreted as a form of spacetime rotation.

Combining the substitutions in Eqs. (4) and (6), one obtains the transformation:

y → ict (7)

which may now be understood as the algebraic operation that bridges the external
and internal perspectives.

Finally, note that if Eq. (6) holds, as the next section will argue, it implies that the
cycle between presence and absence is not unique to the Universe as a whole. Rather,

1Alternatively, one might consider Y → −iY , which aligns more closely with the standard Wick rotation,
though at this stage such a choice is not essential.

9



it must manifest across all scales, consistent with the universal validity of the laws of
relativity.

3 The Minkowski Rotation

We have just shown that the equation of the circle X2 +Y 2 = 1 representing the fun-
damental cycle changes to X2−Y 2 = 1 when the observer is part of the structure. This
expression was then identified as the invariant relativistic interval. To check whether
this correspondence makes any sense, we now apply the same inner perspective (4) to
other properties of the cycle, i.e. of the circle: in particular, the next property to con-
sider is the rotation transformation. It will be shown that it becomes the Minkowski’s
rotation, thereby strengthening the validity of (6).

x S

θ
α S’

x’

x’ x S

θ

α

1 1

y’

y y

y'

Fig. 8 Left: A point on the unit circle rotates counterclockwise an angle θ. Right: The S′-axes
rotate θ counterclockwise.

From Fig. 8-Left one has

x = R cosα (8)

y = R sinα (9)

x′ = R cos(α+ θ) = R cosα cos θ −R sinα sin θ (10)

y′ = R sin(α+ θ) = R sinα cos θ +R cosα sin θ (11)

which become the standard transformation that rotates points in the xy-plane
counterclockwise through an angle θ with respect to the x axis:

x′ = x cos θ − y sin θ

y′ = x sin θ + y cos θ
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To rotate the axes rather than the point one should replace θ by −θ (Fig. 8-Right):

x′ = x cos θ + y sin θ (12)

y′ = −x sin θ + y cos θ (13)

Now, to obtain a “look from the inside” one needs to apply Eq. (4), which in this

θ

x

y
x y+
2 2

θ

x

iy
i

x y-
2 2

Fig. 9 Shows how the triangle used to define the sine and cosine functions changes when replacing
the vertical leg y by iy. For −π/4 < θ < π/4, the angle θ becomes a pure imaginary value iθ.

context implies to replace all real y-values by pure imaginary values of the type iy,
and not only in Eqs. (12)-(13), but also in (8)-(9) and in the sine and cosine definitions
too. The latter is achieved by replacing the vertical leg y of the triangle in Fig. 9 by
its imaginary counterpart iy, such that the sine and cosine now become:

cos θ =
x√

x2 + y2
→ x√

x2 − y2
≡ cos z z ∈ C (14)

sin θ =
y√

x2 + y2
→ iy√

x2 − y2
≡ sin z z ∈ C (15)

where the argument θ has turned into a complex number z. In particular, whenever
the absolute value of x is greater than that of y, which corresponds to the domain of
special relativity—for which the relative velocity vg satisfies vg < c—, the argument
is a pure imaginary value, such that it can be written as z = iθ. Therefore, applying
y → iy within the domain v < c transforms expressions (8)–(9) and (12)–(13) into

x = R cos iα

iy = R sin iα

x′ = x cos iθ + iy sin iθ

iy′ = −x sin iθ + iy cos iθ

Now, relating the y-values to the time coordinate according to (6) and writting α = ωτ
as stated by (2), one obtains

x = R cos iωτ (16)

ict = R sin iωτ (17)

x′ = x cos iθ + ict sin iθ (18)

ict′ = −x sin iθ + ict cos iθ (19)
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where the last two constitute the Minkowski rotation, which is formally equivalent to
the Lorentz transformation. Indeed, consider the specific rotation illustrated in Fig.
10. The S′ axes are rotated by an angle θ such that the original x-axis is mapped onto
the position of point P . In this case, t′ = 0 and θ = α. Substituting these values into
Eq. (19) yields the following expression for a magnitude with velocity units:

c2t

x
= −ic

sin iθ

cos iθ
= −ic

sin iα

cos iα
≡ vg (20)

Then, applying the trigonometric identity

x

P

ict

θ =   

ict’

x’

αi i

Fig. 10 The S′-axes rotate α counterclockwise to place the x′-axis on the point P . Thus, θ = α.

sin2 iθ + cos2 iθ = 1 (21)

the expressions for cos iθ and sin iθ can be obtained from Eq. (20) as functions of vg:

cos iθ =
1√

1−
(vg

c

)2 ≡ γ (22)

sin iθ =
ivg/c√
1−

(vg

c

)2 (23)

Substituting these above expressions into Eqs. (18) and (19) yields the Lorentz
transformations, as originally derived by Minkowski [1]:

x′ =
x− vgt√
1−

(vg

c

)2 , t′ =
t− x · vg/c2√

1−
(vg

c

)2 (24)
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where vg is identified as the relative velocity between the S and S′ frames of reference.
The fact that this line of reasoning has led to the Lorentz transformations carries

substantial physical significance, as it suggests that relativity is compatible with a uni-
verse composed of two opposing natures—physically manifested in terms of space and
time—in cyclical alternation, and with the idea that we, as observers, are intrinsically
part of the physical world we observe.

4 The circular representation

When the angle is taken to be imaginary, as specified in Eqs. (16)–(17), that repre-
sentation of the fundamental cycle given by Fig. 7 needs to be updated to its final
version: Fig. 11.

x

ict

α= ωτii S
Space

T
im

e

Fig. 11 Shows a generic point P rotating in the spacetime wheel according to its own fundamental
cycle. Note that the angular displacement is now explicitly indicated as an imaginary angle and the
radius is no longer equal to 1 but allowed to take any other value R. The shaded area represents the
observable domain associated with the S reference frame.

θ

x

y
x y+2 2

θ

c

iv
i

c - v
2 2

Fig. 12 Comparing Eqs. (14)–(15) with the Minkowski rotation and the Lorentz transformation, we
observe the presence of two similar triangles.

As it is well known, a particular consequence of introducing the imaginary unit
is the breakdown of the direct correspondence between Euclidean geometry and the
algebraic values of the magnitudes represented in it. For example, based on the triangle
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depicted on the right in Fig. 12, one might expect v = c to occur at an angle θ = π/4.
However, imposing the condition v = c in the velocity expression given by Eq. (20)
leads to the limit θ → ∞. This illustrates that, once the imaginary unit is introduced,
θ can no longer be interpreted as a geometric angle in the Euclidean sense. Instead,
it assumes the role of rapidity.

This transition reflects a deeper conceptual shift: the moment we adopt an internal
viewpoint—that is, the moment we become a constituent of the system—we give up
having access to the complete structure (Fig. 5). Indeed, once we perform the trans-
formation y → iy, effectively “entering” the structure, our domain becomes limited to
the portion that is real, bounded by infinities and constrained to just two quadrants of
the circular diagram (shaded regions in Fig. 11). Nevertheless, we are aware that from
an external viewpoint, a broader domain exists beyond these apparent limits. Taking
into account this “beyond” is what reinstates the circular nature of the representation.

Therefore, the circular representation remains valid and indeed fundamental
because it provides the underlying geometric framework of the physical structure when
it is viewed from an external perspective. In this situation, it is worth exploring how
the circular representation can still provide valuable insights into the understanding
of relativity.

4.1 Some relativistic effects in circular representation

As noted above, the introduction of the imaginary unit breaks the correspondence
between the representation of magnitudes in Euclidean geometry and their algebraic
values. To analyse this in more detail, we now compare the Lorentz transformation
(24) with the expressions that result from the following analysis: if the imaginary
unit had not been introduced in (12) and (13), rather than obtaining the Lorentz
transformation, the same procedure would have led to:

x′ =
x+ vg · t√
1 +

(vg

c

)2 t′ =
t− x · vg/c2√

1 +
(vg

c

)2 (25)

These expressions represent an alternative formulation of the coordinate transforma-
tion given in Eqs. (12)–(13), corresponding to a pure rotation of axes. The change
of sign in the numerator, when compared with the Lorentz transformation, implies
a reversal of the direction of time.2 That is, if we aim to represent the Lorentz
transformation using a circular interpretation, then time must evolve in the direction
opposite to that of the y-axis.3 On the other hand, the change of sign inside the square
roots—acting as a common scaling factor affecting both coordinates—is what breaks
the correspondence between geometric and algebraic values.

Let us now examine this more concretely. Fig. 13-Left depicts two inertial refer-
ence frames S and S′ in relative motion, and also their relationship via a rotation

2This alteration encodes the Lorentzian signature of the metric tensor.
3In our analysis, this may be regarded as preliminary evidence that the negative sign should be taken

into account in the transformation (4), leading to y → −iy and thereby approaching the standard definition
of the Wick rotation.
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transformation. The reversal of the direction of time becomes evident when consider-
ing a body P at rest at the origin of S′. In the upper diagram, as the proper time t′ of
the body progresses, it appears to move toward positive x in frame S. In contrast, in
the circular diagram below, it moves toward negative x as the body ascends along the
t′-axis. To reconcile this with the Lorentz transformations, one must interpret time as
flowing in the opposite direction—i.e., from top to bottom along the iy′-axis.4

L’
L

ict’
ict

x

y

θ

x’

y’

x

x’S S’vt v
L’
A

A

B

B

p

g
g

ict

S

iy

x
θ

S’

iy’

ict’
x’

PP'

x

x’S S’vt v
P

P'
g

g

Fig. 13 Left: A body P ′ is at rest at x′ = 0 in the frame S′, which moves to the right with
velocity vg relative to frame S. Below, the rotation transformation that is assumed to represent, as
a first order approximation, the same physical situation. Right: A rod of proper length L′ is at rest
in the S′-frame, with its rear end located at the origin of this frame. The S′-frame moves to the
right at velocity vg relative to the S-frame. Below, a representation of the same situation using a
rotation transformation. The time tp denotes the interval required for the rod to cross the origin of
S; the dashed line A represents the passage of the front end, while the solid line B corresponds to
the rear end. To make this geometric representation consistent with the Lorentz transformation, one
must imagine the rod moving from top to bottom—i.e., under a reversed time flow. This adjustment
ensures that the front end of the rod—moving along the dashed line labeled A—crosses the origin of
S (i.e., the y-axis) before the rear end, which follows the solid line B.

Despite the time reversal, this circular representation can still be used to derive
relativistic effects:

• Time dilation: Note that t′ and t in Fig. 13-Left are geometrically related by means
of a projection of the type t′ cos θ = t. However, in order to take into account the
introduction of the imaginary unit, the argument in the cosine function needs to be

4It is important to emphasize that reversing the time axis in the diagram should not be interpreted as
implying a reversal of velocity. If the velocity were also reversed, then the product vg ·t in the first expression
of Eq. (25) would remain positive. As a consequence, the minus sign in x−vg · t, which is a defining feature
of the Lorentz transformation, would not be recovered.
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replaced by its imaginary counterpart. That is,

t′ cos(iθ) = t =⇒ t =
t0√

1− v2g/c
2

where Eq. (22) has been used, and t′ is identified as the proper time t0, since point
P ′ is at rest in the S′-frame. Note that the discrepancy between the geometric
representation and the corresponding algebraic values: geometrically, t′ > t, whereas
numerically, t′ < t. This arises from the fact that cos(iθ) is a real number greater
than one. Therefore, although the geometric representation correctly captures the
relationship between t and t′ as a projection, their algebraic values differ in reality.

• Length contraction: Consider Fig. 13–Right, where a rod of proper length L′, posi-
tioned with its rear end at the origin of the S′-frame is observed to move at velocity
vg relative to the S-frame. Again, the geometric relation between L and L′ can be
derived by means of a simple projection:

L′ = L cos iθ =⇒ L = Lo

√
1− v2g/c

2

where L′ was identified as the proper length Lo since the rod is at rest in S′.
• Gravitational time dilation: Fig. 14 illustrates the same rod depicted in

Fig. 13–Right, which initially moves at a constant velocity. Once the rear end of the
rod passes the origin of the S-frame, the rod begins to accelerate uniformly with
constant proper acceleration.
The constant proper acceleration causes the dashed trajectories (representing the
motion of the rod’s endpoints) to curve with a constant radius of curvature: the rear
end B follows a path with radius R − L′, while the front end A follows a path of
radius R. Consequently, the corresponding arc lengths SB and SA differ, and their
ratio is given by:

SB

SA
=

R− L′

R
Since a spatial length in this framework is proportional to a proper time interval τ ,
we can write:

τB
τA

=
R− L′

R
=

ωA

ωB
(26)

Finally, due to the Equivalence Principle in GR, the above result also applies to two
clocks situated at different heights within a uniform gravitational field of intensity
g = c2/R, with hA > hB and vertical separation L′ = hA − hB . This expression
will be used later.

Thus, the geometric method developed here basically consists of two pairs of axes
with a relative rotation, which represent two inertial frames of reference, and the use
of the sin iθ and cos iθ functions to make projections in the same way that the normal
sine and cosine do in Euclidean geometry. Therefore, although the introduction of the
imaginary unit modifies the Euclidean metric, the structure of the Minkowski rotation
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Fig. 14 Shows an accelerating rod in circular representation: the rear end follows the arc SB , while
the front end traces SA. As previously discussed, achieving consistency between rotational and Lorentz
transformations requires incorporating a reversal of time. However, as the figure shows, reversing
time also implies a deceleration of the rod rather than an acceleration, which does not reflect the
physical situation described initially. Nonetheless, if time reversal is assumed to not affect the sign of
velocity, this figure remains valid as a representation of an accelerating rod, even though the diagram
can no longer be made visually consistent with the Lorentz transformation, as time reversal alters
the underlying physical scenario.

remains fundamentally circular, and the relationships between the various quantities
involved can still be represented within a circular framework.

5 Harmonic Reinterpretation of Relativity

Although the circular representation of the relativistic phenomena discussed
above—Figs. 13-14—serves as a useful tool for deriving the corresponding mathemati-
cal expressions, it does not capture the dynamical nature of the fundamental cycle. To
incorporate this aspect and explore its consequences, we return to the earlier depiction
of the fundamental cycle shown in Fig. 11. We now ask whether this representa-
tion—together with the use of cos(iωτ) and sin(iωτ) for performing projections—can
be employed to derive the equations of relativistic dynamics.

5.1 The fundamental cycle and the laws of relativity

It is natural to assume that the linear velocity of point P in Fig. 11 in its circu-
lar motion through spacetime is equal to the speed of light c. Indeed, under this

17



assumption, the corresponding angular frequency is given by

ω =
c

R
(27)

and taking the derivative of Eq. (17) with respect to τ then yields5

dt

dτ
= γ (28)

which is a well-known result in relativity, provided that τ is interpreted as the proper
time. Thus, let the linear velocity in the fundamental cycle be the speed of light, such
that the time variable τ can be identified with the proper time.

The projection of the circular motion of point P onto the x-axis yields a type of
complex Simple Harmonic Motion (SHM*), from which the proper velocity vτ and
proper acceleration aτ can be obtained by differentiating x, as defined in Eq. (17),
with respect to the proper time τ :

x(τ) = R cos(i
c

R
τ) (29)

vτ (τ) =
dx

dτ
= −ic sin

(
i
c

R
τ
)

(30)

aτ (τ) =
d2x

dτ2
=

c2

R
cos
(
i
c

R
τ
)

(31)

Nevertheless, do vτ and aτ have any physical meaning? Indeed, one realises that
multiplication on both sides of (30) by a rest mass mo leads to the expression of the
relativistic momentum:

movτ = −imoc sin
(
i
c

R
τ
)
=

movg√
1− (vg/c)2

≡ p, (32)

where (20) was used. Moreover, differentiating the momentum with respect to t one
encounters the force:

F ≡ dp

dt
=

dp/dτ

dt/dτ
=

mo
c2

R cos
(
i c
Rτ
)

cos
(
i c
Rτ
) = mo

c2

R
, (33)

which turns out to be a constant value. Thus, multiplying by x on both sides one
would expect to find out an energy expression:

E ≡ F · x =
moc

2

R
x = moc

2 cos
(
i
c

R
τ
)
=

moc
2√

1− (vg/c)2
, (34)

which, indeed, is the relativistic energy. Therefore, the projection of the fundamental
cycle onto its real axis produces a complex Simple Harmonic Motion (SHM*) whose

5The derivatives of the sine and cosine of an imaginary angle are: (cos iθ)′ = −i sin iθ and (sin iθ)′ =
i cos iθ.
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velocity and acceleration are directly proportional to the relativistic momentum and
energy.

Note that, although the p and E expressions (32) and (34) do not show up explicitly
the dynamics of the cycle, the force (33) does, since its associated acceleration c2/R
is clearly centripetal. Moreover, according to GR, this acceleration corresponds to
gravity g = c2/R whenever R is interpreted as the radius of curvature of spacetime.
Therefore, if R in Fig. 11 is assumed to be so, then the proper acceleration felt by the
P -point while turning around in the wheel of spacetime should be none other than
gravity:

aτ (τ = 0) =
c2

R
≡ g (35)

Joining results, one has

t =
−i

c
R sin

(
i
c

R
τ
)

(36)

x = R cos
(
i
c

R
τ
)
= R

dt

dτ
(37)

p = −imoc sin
(
i
c

R
τ
)
= mo

dx

dτ
= movτ (38)

E = moc
2 cos

(
i
c

R
τ
)
= moR

d2x

dτ2
= moaτR (39)

in which the expressions for momentum and energy take on a remarkably natural
form, suggesting an interesting coexistence between relativity, Newtonian mechanics
and harmonic motion.

It is worth noting that, from the point of view of point P in Fig. 11—that is,
from its proper reference frame, corresponding to τ = 0 in the expressions above—
its momentum is zero. On the other hand, since P is undergoing continuous circular
motion within the spacetime wheel at a linear velocity equal to c, this motion gives
rise to a centripetal acceleration—interpreted as gravity—given by Eq. (35), which,
when substituted into Eq. (39), leads directly to the expression E = m0c

2. Thus,
although commonly referred to as rest energy, this quantity arises from the spacetime
rotation. In this sense, we shall see in the following section that the rest energy can
be interpreted as a form of elastic potential energy.

Finally, by applying systematically the trigonometric relation (21) to expressions
(36)-(39) one obtains, apart from the E-p-relation, two additional expressions:6

E2 = (cp)2 + (moc
2)2 (40)

x2

R2
= 1 +

p2

m2
oc

2

E2 =
m2

oc
6t2

R2
+ (moc

2)2

(41)

(42)

6These expressions remain valid throughout the entire circular domain, as Eq. (21) holds even when the
argument of the sine and cosine functions is a general complex number z; that is, even in the regime where
v > c.
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The first two are, respectively, the analogues of the a–v and x–v relations from classical
Simple Harmonic Motion (SHM):

a2 = −(ωv)2 + (Rω2)2

x2

R2
= 1− v2

R2ω2

The sign differences arise from the presence of the imaginary unit in this relativistic
framework. In this context, ω must be replaced by c/R, and the classical variables v
and a by their corresponding expressions in terms of p and E, as given in Eqs. (38)
and (39).

The second expression, Eq. (41), is particularly noteworthy as it establishes a direct
relation between the spatial coordinate x of a rotating particle in spacetime and its
relativistic momentum p, scaled by the curvature radius R and the rest mass mo.
Notably, this equation links the spatial separation of the particle from an observer
to its momentum content. In a broader physical context, it may be interpreted as
connecting the distance to an astronomical object with its recession momentum. Thus,
this relationship reflects the cosmological implications of the fundamental cycle, which
appears to naturally incorporate recession phenomena—such as those observed in
the expansion of the universe—as an intrinsic feature of its underlying geometrical
structure.

In contrast, Eq. (42) possesses no classical analogue and again reflects the cyclic
geometry of spacetime.

Eqs. (41) and (42) are, to the best of the author’s knowledge, novel results. They
emerge naturally from the fundamental cycle and may offer new insight into the
structure of relativistic dynamics.

5.2 The complex harmonic oscillator

In classical physics, the Lagrangian is defined as the difference between kinetic and
potential energy, L = T − V . In relativity, however, the Lagrangian of a free parti-
cle takes a markedly different form: Lr = −m0c

2
√

1− v2/c2, where no trace of the
classical definition seems apparent. Nevertheless, we will now demonstrate that this
expression can still be interpreted, in essence, as kinetic energy minus potential energy.

If the complex Simple Harmonic Motion (SHM*) that results from projecting the
rotation of the point P in Fig. 11 onto the x-axis is assumed to be performed by an
harmonic oscillator of mass mo and elastic constant k—as depicted in Fig. 15—, then
its associated frequency of oscillation could still satisfy the classic expression

moω
2 = k (43)

Let us assume that it is so. Then, if the angular frequency of spacetime rotation
ω = c/R is substituted here, the result is twice the energy conservation expression of
the classic harmonic oscillator:

moc
2 = kR2 (44)
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Fig. 15 If the fundamental cycle is projected onto the spatial axis, it yields a complex Simple
Harmonic Motion (SHM*), which is here interpreted as the motion of a harmonic oscillator with mass
mo and spring constant k.

where here c represents the maximum velocity and R the maximum amplitude of
vibration. By dividing both sides of the E–p relation (40) by kR2, and noting that,
according to Eqs. (29) and (44), the energy in Eq. (39) can be written as E = Rkx,
we obtain:

(Rkx)2

kR2
− (cp)2

kR2
=

k2R4

kR2
⇒ kx2 − p2

mo
= kR2.

This final expression is precisely twice that of the classical harmonic oscillator
Lagrangian. Consequently,

T ′ − V ′ = −moc
2 ⇒ L′ = −moc

2,

where T ′ and V ′ denote twice the classical kinetic and potential energies, respectively.
Therefore, the Lagrangian L′ remains constant when a particle travels through space-
time, i.e. when τ evolves linearly according to inertial motion. Thus, one can write the
following expression for the action

S =

∫ τ2

τ1

L′ dτ =

∫ t2

t1

−moc
2

γ
dt = −moc

2∆τ (45)

from where the relativistic Lagrangian is identified: L = −moc
2/γ. Therefore, based

on this simple analysis, several key conclusions can be drawn:

1. A direct equivalence is established between inertial motion and rotation in space-
time. In other words, a particle that follows its fundamental cycle is a free
particle.
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2. The fact that this procedure yields a well-known expression—namely, the relativis-
tic Lagrangian for a free particle—supports the validity of Eq. (43) even in the
context of complex Simple Harmonic Motion (SHM*).

3. Thus, the fundamental cycle is associated with a value of the elastic constant k:
given the mass m0 and the angular frequency ω, Eq. (43) determines the unique
value of k that ensures harmonic behavior.

4. Given the universality of the fundamental cycle, it follows that the behavior of
the universe itself may be governed by this value of k, suggesting an analogy with
the cosmological constant Λ in GR. This raises the possibility of a conceptual or
mathematical relationship between these two constants.

5. As in Section 2, where the relativistic invariant interval x2 − (ct)2 = R2 was inter-
preted as an ”internal view” of the geometry of the circle, now the E-p-relation (40)
can be interpreted as an internal view of the conservation of energy in the classical
harmonic oscillator.

ict
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ict
’

x’
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S

x

Fig. 16 A point P ′ is at rest in the reference frame S′. This frame rotates in spacetime with
angular velocity ω relative to a rest frame S, which represents flat spacetime. In S′, the point P ′

has no linear momentum, yet due to its rotational motion at a radius R, it experiences a centripetal
acceleration—interpreted as a gravitational effect—ultimately giving rise to the rest energy E = m0c2

measured in S′. The shaded area represents its observable domain.

6. This analysis also suggests a novel interpretation of rest energy and gravity:
Although from the perspective of the reference frame S the point P undergoes

a SHM*, from P ’s proper axes, the body perceives itself as being in a state where
the value of x is always maximal—geometrically speaking, not algebraically—and
equal to R. In this configuration, since there is no radial motion, its associated linear
momentum is zero. However, the fact that it is rotating implies the presence of a
corresponding centripetal acceleration—or gravity—, which endows the body with
a form of energy: the rest energy. This scenario is analogous to a harmonic oscillator
displaced from equilibrium due to rotational motion. Imagine a mass attached to
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a spring, rotating at constant angular velocity on a horizontal plane, as illustrated
in Fig. 17. The spring stretches to a fixed distance R. Since the radius of rotation
remains constant, the system is radially at rest (i.e., zero relativistic momentum).
However, the displacement of the mass by a distance R from the equilibrium point
leads the spring to exert a constant centripetal force equal to m0c

2/R, which we
interpret as the gravitational force. Consequently, the work accumulated by this
constant force corresponds to the rest energy E = m0c

2.7

R
mo

k

Fig. 17 A body of mass m0 attached to a spring with elastic constant k rotates uniformly on a
horizontal plane. Due to the centrifugal effect of the rotation, the spring extends to a length R.
In this analogy, the rest energy is interpreted as the elastic potential energy stored in the spring.
Furthermore, since the radius remains constant during the motion, the radial velocity is zero, and
therefore the relativistic linear momentum is also zero.

5.3 The 8 phases of the fundamental cycle

By combining Eqs. (14)–(15) with Eqs. (29)–(31), the position, proper velocity, and
proper acceleration can be expressed as

x(τ) = R
x√

x2 − y2
(46)

vτ (τ) = c
y√

x2 − y2
(47)

aτ (τ) =
c2

R

x√
x2 − y2

(48)

These expressions reveal that the respective quantities alternate between real and
imaginary values, and also change sign throughout the fundamental cycle. Fig. 18 illus-
trates how this alternation divides the cycle into eight distinct regions, while Fig. 19
presents the same structure in a more schematic way. As can be observed, despite the
formal analogy with SHM, the SHM* differs fundamentally from the familiar expan-
sion–contraction dynamics, which comprises only four distinct phases. The values of
the velocity and acceleration are particularly noteworthy, as they are proportional to
the momentum and energy, respectively. Note that half of these phases are real in
nature, while the other half are imaginary, as indicated by the black and red regions
in Fig. 19-Right. The infinities act as gatekeepers between the real and imaginary
regions and should be regarded as mathematical singularities—as is often the case in
QFT—rather than physical impossibilities.

7Interestingly, rather than evaluating the force throughout the interval from the origin (x = 0) to R, only
its value at x = R is considered.

23



SHM

x>0

v<0

a<0

x<0

v<0

a>0

x<0

v>0

a>0

x>0

v>0

a<0

x=R

v=0

a=-R

x=-R

v=0

a=R

x=0
v=-R

a=0

x=0

v=R
a=0

contraction

expansion

expansion

contraction

ω

ω

ω

ω

2

2

x

y SHM*

x>0

v>0

a>0

x<0

v>0

a<0

x<0

v<0

a<0

x>0

v<0

a>0

x=R

v=0

a=g

x=-R

v=0

a=-g

x -Im

v -Im

a -Im

x -Im

v +Im

a -Im

x +Im

v +Im

a +Im

x +Im

v -Im

a +Im

x +

v +

a +

x +

v -

a +

x -

v -

a -

x -

v +

a -

x

ict8
8

8

8
8

8

8
8

8

8
8

8

Fig. 18 Left: Depicts the position, velocity, and acceleration of the classical SHM in each quadrant,
including at x = 0 and t = 0. This corresponds to the familiar spring-like oscillation. For example, in
the first quadrant, the system undergoes contraction: position is positive (x > 0), velocity is negative
(v < 0), and acceleration is also negative (a < 0). Right: In contrast, complex SHM (SHM*) features
eight distinct regions, within which the values of x, vτ , and aτ—given by Eqs. (46)-(48)—can be
either real or imaginary. Some divergences occur at the boundaries of these regions. At t = 0, the
acceleration corresponds to the ”proper” gravitational acceleration: g = c2/R. For example, in the
first half quadrant, where x > 0, v > 0 and a > 0, the system undergoes and accelerated expansion.

These eight stages represent the complete sequence a particle undergoes during
one full fundamental cycle; that is, while remaining in its inertial state. The radical
differences between stages suggest that the fundamental cycle can be interpreted as
a process of transformation—a succession of dynamical states where the spacetime
fabric undergoes a cycle of mutations or physical phases.

In particular, in the second quadrant of Fig. 19-Right—which corresponds to the
domain where vg > c, and hence lies beyond the domain of special relativity and
the observable world—the quantities associated with time, position, momentum, and
energy become imaginary.8 In this context, the arguments of expressions (36)–(39)
can be written as iθ + π/2, leading to the following relations:

tII =
−i

c
R sin

(
i
c

R
τ +

π

2

)
=

−i

c
R cos

(
i
c

R
τ
)

(49)

xII = R cos
(
i
c

R
τ +

π

2

)
= −R sin

(
i
c

R
τ
)

(50)

pII = −im0c sin
(
i
c

R
τ +

π

2

)
= −im0c cos

(
i
c

R
τ
)

(51)

8This superluminal or tachyonic domain has been the subject of several theoretical investigations aimed
at extending the framework of special relativity to accommodate faster-than-light phenomena [23–26].
These approaches suggest that, although imaginary-valued quantities may not be directly observable, they
may reflect deeper layers of physical law accessible through analytic continuation or extended relativistic
frameworks—precisely the kind of structure that underlies the circular representation developed in this
paper.
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Fig. 19 Left: Simplified representation of the signs of position, velocity, and acceleration in each
quadrant of the classical simple harmonic motion (SHM). Right: The analogous case for the modi-
fied complex representation, referred to as SHM*. Signs in red denote imaginary quantities. Notably,
no combination of signs in SHM* matches those in the classical case. This highlights a fundamen-
tal difference: whereas classical SHM describes a cyclic process of expansion and contraction, SHM*
exhibits no such analogy. Additionally, it is emphasized that the proper time τ evolves in a coun-
terclockwise circular path, while the coordinate time t oscillates along the y-axis. In particular, t
increases in the first quadrant but reverses direction in the third quadrant.

EII = m0c
2 cos

(
i
c

R
τ +

π

2

)
= −m0c

2 sin
(
i
c

R
τ
)

(52)

By applying analogous transformations to the remaining quadrants, the complete set
of results summarized in Table 1 is obtained.

I II III IV

ϕ iθ iθ + π
2

iθ + π iθ + 3π
2

ict/R sin(iθ) cos(iθ) − sin(iθ) − cos(iθ)
x/R cos(iθ) − sin(iθ) − cos(iθ) sin(iθ)

p
m0c

= dx
dθ

−i sin(iθ) −i cos(iθ) i sin(iθ) i cos(iθ)
E

m0c2 = d2x
dθ2 cos(iθ) − sin(iθ) − cos(iθ) sin(iθ)

Table 1 Normalized values of time, position, momentum and
energy on the hyperbolic unit circle and their first and second
derivatives with respect to the real parameter θ—which stands
for (c/R)τ—, defined over the domain −π/4 < θ < π/4.

The third quadrant is characterized by negative energy values and, notably, by
the fact that—as the fundamental cycle progresses—the coordinate time t evolves in
reverse. This behavior is consistent with Feynman’s interpretation of antiparticles [4,
27], where they are understood as particles possessing negative energy and propagating
backward in time.
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The second and fourth quadrants correspond to regions beyond the scope of direct
physical observation. To provide an interpretation of these domains, we propose the
following intuitive argument.

Previously, we interpreted the Wick rotation—Eq. (4)—as the transformation that
transitions us from being external observers of the physical system to becoming intrin-
sic constituents of it. Once this transformation is applied—placing us within the
internal viewpoint—an inaccessible region of imaginary nature emerges: the domain
of absence or the beyond. Although it constitutes an inconceivable domain, it borders
the real world. This implies that, in some way, observing this boundary may provide
us with an external perspective on an otherwise inaccessible realm.

If we apply the Wick rotation a second time, we effectively perform an internal
view of the internal view. And just as the imaginary of the imaginary yields the real
(i · i = −1), the internal perspective of the internal must correspond to an external
perspective. However, in this case, the negative sign implies that this external view-
point appears rotated or inverted. As illustrated in Fig. 20, this conceptual inversion
implies that the real manifestation of the imaginary phases shown in Fig. 19-Right
must be sought in the opposite semi-quadrants of Fig. 19-Left.

i i

i i

0 1

23

1 i

-i -1

P P
P P

Fig. 20 Left and Center: Successive powers of the imaginary unit (1, i, −1, −i) are represented
in a cyclic configuration. Right: Multiplication by i is interpreted geometrically as a mirror trans-
formation. Multiplication by i2 corresponds to two consecutive reflections across orthogonal axes.
Under this interpretation, the cyclical nature of the powers of i finds a geometric analogue in the
transformations among the letters p, q, b, and d. For instance, p and q are related via a vertical
mirror, whereas q and d are related via a horizontal mirror. Consequently, p and d are connected
through two orthogonal reflections, equivalent to a 180◦ rotation. In this framework, a single mirror
transforms a real component into an imaginary one (or vice versa), while two consecutive reflections
yield a sign reversal or half-turn rotation.

Based on this interpretation, the associations are shown in Fig. 21-Left, and the
complete outcome is presented on its right. The resulting structure reveals a funda-
mental cycle consisting of eight distinct phases, each possessing a real manifestation.
Interestingly, these eight stages correspond to all possible combinations of the signs of
position, velocity, and acceleration. This suggests the simple change in nomenclature
depicted in Fig. 21-Right, which connects this analysis with the cycle of transformation
found in the cosmological system of classical Chinese thought. Given the structural
parallelism, it would be of considerable interest to investigate whether this ancient
cosmological framework could offer a qualitative explanation of the various phases of
the fundamental cycle.
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Fig. 21 Left: This panel shows the different combinations of signs involving imaginary values (high-
lighted in red in Fig. 19) and their proposed correspondence with real values. This association arises
from the assumption that the imaginary values of the SHM* manifest as real quantities, based on the
notion that the imaginary of an imaginary is real. Furthermore, this real manifestation must corre-
spond to the classical SHM, which represents the external view. Center: With this correspondence,
the fundamental cycle comprises eight distinct phases with real manifestations, each representing one
of the eight possible combinations of signs for position, velocity, and acceleration. Right: Shows the
bagua that results by changing the positive signs with solid lines and negative signs with broken lines.

6 A Harmonic Cosmological Model

If we allow a body to fall indefinitely through a tunnel drilled straight through the
Earth (neglecting Earth’s rotation, translation, and air resistance), it would fall ver-
tically downward, cross the center of the Earth at high speed, then decelerate until it
would momentarily stop at the opposite end—only to fall again, repeating the process
endlessly (Fig. 22-Left).

To simplify matters, let us assume that the periodic motion of the falling object can
be modeled as a SHM—a clearly unrealistic approximation. This SHM can, in turn, be
described as the projection of a UCM onto the vertical axis, as shown in Fig. 22-Right.

Now, if instead of a single body we were to drop two, with a certain time delay
between them, both would fall and oscillate through the tunnel, crossing paths with
opposite velocities. Throughout the cycle, various situations of relative motion between
the two bodies would emerge. If this relative motion were observed from body A, for
instance—which clearly constitutes a non-inertial frame—we would find ourselves in a
linear circuit, constantly accelerating and decelerating, always chasing body B ahead
of us, yet never quite catching up.

Since SHM comprises four distinct regimes (Fig. 19-Left), we can place body A
in four positions and body B in four corresponding ones, giving a total of 4 · 4 = 16
distinct relative-motion configurations between A and B.9

This situation—albeit highly idealized and physically unrealistic—serves as an
introduction to the cosmological model that arises from the fundamental cycle.

To proceed, we must first construct the relativistic equivalent of this situation,
which is none other than two points rotating in the spacetime wheel with the same

9Not considering which of the bodies is ahead when they occupy the same quadrant.
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Fig. 22 Left: A body falls into a hole drilled through the Earth. Right: Its motion is approximated
as simple harmonic motion (SHM), understood as the projection of uniform circular motion (UCM).
The radius R here corresponds to the Earth’s radius.

x

R
Earth

Fig. 23 Left: Two bodies falling through the tunnel that passes through the Earth. Right: Their
respective motions are modeled as two phase-shifted SHMs, separated by an angle θo.

radius and angular velocity, such that the projection of their motion onto the x-axis
produces two SHM* curves differing only in phase, as depicted in Fig. 24. This is the
relativistic analogue of the two bodies in free fall through the tunnel.

However, despite the common underlying structure, it is important to recognize
that, in the relativistic case, space and time measurements are relative to the observer.
This requires us to explicitly define the proper reference frames for each body, as
shown in the figure, where S′ refers to the coordinate system in which A is stationary,
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Fig. 24 This figure represents the same situation as Fig. 23-Right, but now interpreted in terms of
two galaxy clusters A and B rotating within the spacetime wheel, with a curvature radius R equal
to the global radius of the universe. In this context, it is necessary to define the reference frames S′

and S′′ centered on each body in order to introduce their respective time coordinates, in addition to
a fixed coordinate system S. On the other hand, the projection of these circular motions onto the
x-axis yields the characteristic SHM* of relativistic dynamics, as opposed to the conventional SHM.
The distance D represents the amount by which the radius of curvature of B has been reduced from
the point of view of A. It can also be interpreted as the distance at which an object must lie in order
to have a recession velocity equal to vg , as defined in Eq. (20). The shaded region designates the
observable domain for observer A.

S′′ to that of B, and S to the non-rotating system representing flat spacetime.10 This
distinction in reference frames will also lead to a significantly different perception that
A has of B, compared to the original free-fall scenario.

We shall therefore consider the Universe to be composed of a set of freely falling
objects—namely, bodies orbiting along the ’wheel’ of spacetime—where the radius R
no longer represents the radius of the Earth, but rather that of the Universe itself, and
where the objects in question are now the largest bound structures, such as galaxy
clusters.

Under this assumption, if we place ourselves at body A, the way in which we
perceive body B corresponds to how galaxy clusters are observed from our own
perspective. This provides us with a concrete vision of the cosmos.

To determine precisely how point A perceives point B throughout the fundamental
cycle, one must consider how Newton’s second law appears from the perspective of
an observer seated in the rotating frame S′, which is clearly non-inertial. Temporarily
disregarding the imaginary and temporal nature of the y-axis, classical mechanics tells
us that Newton’s second law in the rotating frame depicted in Fig. 25 becomes [28]:

10Indeed, from Eq. (27), ω = 0 implies R → ∞.
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Fig. 25 Depiction of a reference system S′ rotating with angular velocity ω⃗ with respect to a fixed
frame S. Points A and B are stationary in S′.

ma⃗′ = F⃗ − 2mω⃗ × v⃗′ −m ˙⃗ω × r⃗ −mω⃗ × (ω⃗ × r⃗) (53)

This equation includes three fictitious forces, referred to from left to right as the
Coriolis force, Euler force, and centrifugal force. In our scenario, where bodyB remains
at rest in the rotating frame S′ and ω is constant, both the Coriolis and Euler forces
vanish, leaving only the centrifugal force. Substituting ω = c/R yields, in magnitude,
a gravitational acceleration of c2/R. This aligns with the interpretation in GR, where
gravity is regarded as a fictitious force arising from the non-inertial nature of the
reference frame.

To resolve the general relativistic case of interest here, one would need to modify the
above equation by transforming the y-axis as y → ict, as suggested in equation (7),11

and potentially allow body B to be non-stationary in S′, which could give rise to
relativistic analogues of the Coriolis and Euler forces [29]. Proceeding in this way, it
may turn out, for instance, that what physics has identified as dark matter or dark
energy is nothing but the effect of these fictitious forces arising from the non-inertial
nature of our own reference frame.

However, to make progress more straightforwardly, we shall instead highlight
phenomena that already emerge without solving the full equation.

6.1 Gravitational Interpretation of Redshift and Hubble’s law

The harmonic model of the universe provides explicit expressions for the recession
velocity and acceleration. Although the S frame in Fig. 26-Right offers a broader
perspective, we, as observers embedded within the structure, are inherently confined
to the viewpoint of point A, i.e., to the rotating reference frame S′.

Within our observable domain—the shaded region in the figure—body B exhibits a
positive velocity (it recedes from the observer)12 given by Eq. (20), and also experiences

11Or y → −ict.
12Body C recedes in the opposite direction to that of B.
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acceleration:

ag =
dvg
dt′

=
dvg/dθ

dt′/dθ
=

c(cos iθ)−2

R
c cos iθ

=
c2

R

(
1−

v2g
c2

)3/2

=
aτ
γ4

(54)

However, this is a rather peculiar scenario because, according to Fig. 26-Right, despite
the presence of acceleration, the velocity remains constant as θ does not change with
the passage of proper time τ , and, despite the velocity, the distance D also remains
constant. How is this possible?

Although this may seem contradictory, it is a situation we have already encountered
in the case of the falling rod with constant acceleration. Indeed, as depicted in Fig. 26-
Left, the emitter B and the receiver A always share the same instantaneous velocity.
However, during the time it takes for a light signal to propagate from B to A, the rod
accelerates. Specifically, the velocity increases by gt, where t is the light travel time
across the distance D, which is approximately D/c.

Hence, by the time the signal reaches A, the rod has increased its velocity by
approximately gD/c. This is the velocity the receiver possesses relative to the emitter
at the moment of signal reception. Thus, we find a situation in which the receiver at
point A experiences the illusion that body B is continuously receding with increasing
velocity—i.e., accelerating—when in fact both the proper separationD and the relative
velocity vg remain constant.

Within this framework, Hubble’s law [30] can be interpreted geometrically, as illus-
trated in Fig. 26-Right. Indeed, as cosmic observers, we are located at point A and
revolve within the spacetime wheel of the universe at a global curvature radius R,
along with other galaxy clusters such as B and C, which are at a distance D from
us and lie within our observable domain—characterized by recession velocities lower
than c. Although from the perspective of the fixed coordinate system S, bodies B and
C revolve with radius R, from our point of view—namely, with respect to our proper
reference frame S′—we observe them as if they were located at point B′, associated
with a curvature radius of R−D.

This situation becomes analogous to the accelerating rod (Fig. 14). In that scenario,
we observed that time advanced more rapidly at the front end A of the rod, a result
we expressed in terms of frequencies in Eq. (26). Applied to a cosmological scale, the
same phenomenon implies that light emitted (ωB) by nearby celestial bodies with low
recession velocities will invariably be received with a redshift (ωA). Hence, within this
harmonic model of the universe, the nearby naturally appears to be expanding.

If we rearrange Eq. (26) in terms of the redshift z and the rod’s length L′ is replaced
by the distance D separating us from the clusters B and C, we obtain:

1− D

R
=

ωA

ωB
⇒ z ≡ ωB − ωA

ωA
=

D/R

1−D/R
=

ωB

ωA
· D
R
, (55)

For small values of redshift (z ≪ 1 or ωB ≈ ωA), Hubble’s law is recovered. Conversely,
for values z ≫ 1, the redshift initially remains similar to the value predicted by the
standard model as can be seen in Fig. 27. However, as we approach distance values
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Fig. 26 Left: Depicts three different instants of a rod of proper length D accelerating under the
effect of a gravitational field (free fall). The front end A acts as a receiver of the signals sent by the
rear end B, which are emitted at a proper frequency ωB and received at A at ωA. Right: This same
situation is shown in circular representation. As the rod falls, it increases its velocity with respect to
the fixed axes S. The rear end B′ runs on the inner circle of radius R−D, and the front end on the
outer one of radius R. This situation also corresponds to that of two galaxy clusters A and B rotating
in the universe’s spacetime wheel according to the fundamental cosmic cycle. The distance D is the
distance at which a body must be located to exhibit a recession velocity equal to vg . However, it can
also be understood as the apparent reduction in the radius of curvature of the galaxy cluster located
at point B (or C), as perceived by an observer at point A. That is, the distant cluster at B appears
to revolve in spacetime with an effective radius of curvature given by RB = R−D. The ratio between
the frequencies of the signals emitted by B (or C) and those received at A is given by Eq. (55).

D comparable to the curvature radius R—that is, for recession velocities of the order
of c—the values diverge from the ΛCDM model prediction [31, 32]. This discrepancy
is understandable, since Eq. (55) does not account for the background cycle of the
universe. To clarify, it is as if, in the example of the two bodies in free fall through a
tunnel bored through the Earth, we had assumed that they always maintain the same
distance D relative to each other. While this may seem plausible from the perspective
of A, it is evident from an external viewpoint that the situation is quite different—and
it likely influences the final outcome in one way or another.

By comparing Eq. (55) with the Hubble–Lemâıtre law, z = (H0D)/c, we can derive
an expression for the Hubble constant:

H0 =
c ωB

RωA
≈ c

R
, (56)
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Fig. 27 Graphical comparison between the redshift obtained from the harmonic model, where the
received frequency ωA is related to the emitted frequency ωB through ωA = ωB(1−D/R), and the
redshift predicted by the standard cosmological model (ΛCDM, with typical parameters Ωm = 0.3
and ΩΛ = 0.7) [33].

where the approximation holds in the limit of small redshift (ωA ≈ ωB), which is
precisely the regime where Hubble’s law remains valid.

As mentioned above, the fact that θ remains constant implies that subsequent mea-
surements of vg yield the same result. Similarly, D and ag remain unchanged—unless
the rotation of both A and B in spacetime relative to the fixed axes of the flat space-
time frame S (in Fig. 24) modifies these values over time. Therefore, within this model,
the accelerating expansion has a somewhat illusory character, akin not to an optical
illusion, but rather to one arising from gravitational time dilation, which distorts the
perception of motion over cosmological distances.

Finally, it is worth noting that the right-hand side of Eq. (56) corresponds to the
angular frequency of the universe’s rotation in spacetime. Therefore, if the value of
the Hubble constant is known, it is possible to derive the universe’s lifespan from
it. According to the measurement by Riess et al. [34], based on a Cepheid–Type Ia
supernovae sample, the Hubble constant is H0 = 73.01± 0.99km/(s ·Mpc). From this,
the universe’s lifespan T is obtained as:

T =
1

2

(
2π

H0

)
= (4.22± 0.06)× 1010 yr ≈ 42.2 billion years, (57)
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where the division by 2 accounts for the fact that the cosmological cycle is completed
twice in one full 2π rotation (see Fig. 28).

Alternatively, if one uses the value of the Hubble constant inferred from early-
universe observations of the cosmic microwave background by the ESA Planck mission
under the assumption of a flat ΛCDM model [32, 35], namely H0 = 67.66 ± 0.42
(km/s)/Mpc, the lifespan derived from Eq. (57) changes to T ≈ 45.5 billion years.

6.2 Reinterpreting Dark Matter

Let us now return to the original interpretation of the fundamental cycle, not as
a rotation in spacetime but rather as an alternation between presence and absence
(Fig. 28).

It is noteworthy that, regardless of the extent of presence in the universe, the
cycle consistently follows the same curvature. This implies that the corresponding
gravitational value, given by g = c2/R, remains constant even as presence (i.e., space)
diminishes in favor of absence (i.e., time). In other words, absence also contributes
gravitationally.

In this sense, absence can be connected to dark matter, as both are invisible yet
exert a gravitational influence [36]. At this point, one might argue that dark energy
should also be included in this category; however, it is a hypothetical form of energy
introduced to explain the universe’s accelerating expansion—a phenomenon that,
within the present framework, emerges as an intrinsic feature. Therefore, invoking
dark energy is not necessary in this context.

The current cold dark matter density of the universe is estimated to be Ωc =
0.265 [37], meaning that approximately 26.5% of the total energy content of the uni-
verse consists of dark matter. This value can be interpreted geometrically as shown
in Fig. 28-Left, where the dark region represents 26.5% of a unit circle. Consequently,
for a circle of unit area, one has Y 2 = 0.265. From this, the angle α corresponding
to point (2) in Fig. 28-Right, which represents a hypothetical expansion phase of the
universe, can be calculated as α = cos−1

√
0.265 ≈ 59.02◦. By relating this angle to

the current age of the universe, again it becomes possible to estimate the full duration
of a cosmological cycle—that is, the time between two successive Big Bang events.

In Fig. 28-Right, the angle between two consecutive Big Bangs (represented as
two black circles) is 180◦. Dividing this value by the angle just obtained yields
180◦/59.02◦ ≈ 3.05, which corresponds to the factor by which the current age of the
universe must be multiplied to obtain its total lifespan. Given that the present age of
the universe is estimated at 13.787±0.020 billion years [32], this leads to the following
approximation for the full duration of the universe’s period:

T ≈ 3.05× 13.787 ≈ 42.07 billion years. (58)

which is consistent with Eq. (57).
Once the period T of the cosmological cycle is determined, the corresponding

angular frequency ω can be calculated. Since the cycle is completed twice during a full
2π rotation, the angular frequency is given by ω = 2π/(2T ) ≈ 2.369 × 10−18 rad/s.
Having determined the angular frequency, one can then infer the spacetime radius of
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Fig. 28 Left: The amount of dark matter in the universe is currently estimated at Ωc ≈ 0.265.
Right: Representation of the universe’s cycle as a UCM that transforms presence (space) into absence
(time), and vice versa—or equivalently, ordinary matter into its dark counterpart. All points labeled
(1) through (4) correspond to the same amount of dark matter. However, while points (2) and (4) lie in
an expansive phase of the universe, points (1) and (3) correspond to contraction phases. The currently
observed amount of dark matter determines the vertical leg of the triangle, which equals

√
0.265.

Assuming the universe is in an expanding state—as in either (2) or (4)—the angle is α ≈ 59.02◦,
which, combined with the current age of the universe, determines its overall lifespan.

the universe and its associated curvature κ. The radius R follows from the definition
R = c/ω ≈ 1.27 × 1026 m, which yields a corresponding curvature of κ = R−1 ≈
7.9× 10−27 m−1. According to this model, this would correspond to a non-zero value
of spacetime curvature, differing by at least one order of magnitude from the estimate

derived within the FLRW metric, given by κ ≈
(
H0

√
|Ωk|

)
/c ≈ 2.5 · 10−28 m−1,

assuming H0 ≈ 73 km·s−1·Mpc−1 and Ωk = 0.001 [38].

6.3 Our Phase in the Cycle of the Universe

According to the proposed correspondence between absence and dark matter, deter-
mining our current phase within the cosmological cycle amounts to examining how the
observed quantity of dark matter evolves over time. A decreasing value would indicate
an expanding phase of space, whereas an increasing value would suggest a contracting
phase.

In this context, the agreement between the two independent estimations of the
universe’s lifespan—given by Eqs. (58) and (57)—supports the interpretation that we
are currently in an expansive phase. Specifically, the fact that both lifespan values
coincide implies that, from our vantage point, the universe is evolving toward a state
of maximum expansion, corresponding to points (2) and (4) in Fig. 28.

Conversely, had we assumed that we are in a contracting phase of
space—represented by points (1) and (3) in Fig. 28—then, for the same observed dark
matter fraction of 26.5%, the corresponding angle would have been α = 180◦−59.02◦ =
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120.98◦, leading to an estimated universe period of T ≈ 20.5 billion years, which no
longer aligns with the estimate provided in Eq. (57). This discrepancy reinforces the
view that we are currently situated in an expansive stage of the cosmic cycle.

6.4 A Universe Relative to the Observer

The cosmic cycle, manifested through the growth and decay of dark matter, simultane-
ously governs the expansion and contraction of spatial perception. In this framework,
the phase corresponding to a universe devoid of space aligns with what physics refers
to as the initial instant or Big Bang, which, due to the cyclical nature of the model,
coincides with the final instant or Big Crunch.

However, our approach introduces a fundamental departure from the conventional
notions of the Big Bang or Big Crunch: whereas these concepts are usually associated
with an absolute notion of space and time—implying that the universe begins or
ends at a definite moment and location—in our model, such events are treated as
phases relative to the observer. Indeed, according to the fundamental cycle, every
physical entity undergoes continuous rotation in spacetime relative to fixed axes, which
represent flat spacetime. Each physical system evolves, at its own pace, through the
phases symbolically represented by the moon-like stages in Fig. 29.

As depicted in the figure, while point A is approaching a phase of maximum spatial
expansion (represented by a white circle), points B and C have already entered a phase
of contraction. This implies that, within the present model, the Big Bang—or any
other cosmological stage—is relative to the observer, in the sense that it does not occur
simultaneously for all regions of the universe. Rather, it depends on the observer’s
specific position along the wheel of spacetime. Fortunately, there is a familiar analogy
that perfectly illustrates this concept: the daily cycle of day and night on Earth. Just
as some time zone on Earth is currently witnessing sunrise, there exist regions in the
universe that are now undergoing their own Big Bang.

6.5 A Brief Note on Entropy

An important consideration regarding the cyclic nature of the proposed model is the
treatment of entropy. While Einstein once envisioned a universe that expands and con-
tracts eternally [39], Tolman argued that such a scenario would be difficult to reconcile
with the second law of thermodynamics [20]. This issue has since been revisited in
various modern cyclic cosmologies. For instance, Steinhardt and Turok [40–42] intro-
duced dark energy and brane collisions to address entropy growth, while Baum and
Frampton [43, 44] explored the implications of phantom energy. Other approaches,
such as Penrose’s conformal cyclic cosmology (CCC) [45, 46] and loop quantum cos-
mology [47], propose distinct mechanisms to reset or absorb entropy, including black
hole evaporation and quantum degrees of freedom.

In contrast, the framework presented here naturally gives rise to four distinct
temporal regimes (see Fig. 29), where time may take on positive or negative values,
and may either increase or decrease. This richer structure of time within each cycle
could offer a novel perspective on the entropy problem, suggesting that conventional
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Fig. 29 Illustrates the fixed axes of the universe (reference system S), which represent flat spacetime,
along with our hypothetical location (A) within the universe’s cycle and our proper reference frame
S′. In the configuration suggested by the results of the previous section, we would be approaching a
point of maximum expansion, whereas points B and C, representing distant galaxy clusters, would
already perceive a contracting universe since the moment of maximum expansion has already occurred
for them. The figure also explicitly portrays the temporal cycle progressing along the y-axis, thereby
emphasizing that the treatment of entropy within this model enters a novel framework.

thermodynamic reasoning might require reformulation in such a context. A detailed
analysis of these implications is left for future work.

7 Conclusions

To avoid spontaneous generation, it was first assumed that the universe follows a
cycle—named as the fundamental cycle—where two different “substances”, presence
and absence, alternate with each other. To account for their antagonistic natures,
the imaginary unit i was introduced representing the inconceivability of the absence
when experienced from the presence. Such a point of view was referred to as a “view
from inside” because it considered the fact that we belong to the structure. Repre-
senting this cycle in terms of a uniform circular motion, an expression similar to the
relativistic invariant interval was found. The latter allowed us to physically interpret
the presence in terms of space and the absence in terms of time. At this point, the
fundamental cycle became a spacetime rotation, and the corresponding coordinate
transformation—achieved by an axis rotation—manifested as the Minkowski rotation,
which is formally equivalent to the Lorentz transformation.

Therefore, relativity appears to be consistent with the idea of a universe composed
of two antagonistic natures that alternate cyclically, and with the fact that, from
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our perspective—being embedded within the structure—one of them appears to us
as inconceivable. While cyclicity is taken into account by the rotation, this inherent
inconceivability is represented by the imaginary unit.

Thus, the imaginary nature of time, first introduced by Poincaré (1906) [2] in the
form ict, acquires a concrete physical interpretation: it reflects the inconceivability of
absence—or a “beyond”—that emerges as soon as the observer is included as part of
the physical system. In this context, the Wick rotation, considered here as y → iy,
is interpreted as a transformation that shifts the perspective from an external to an
internal frame of reference within the system.

This shift in perspective also entails profound algebraic consequences. Specifically,
the introduction of the imaginary unit into the axes rotation transformation breaks the
correspondence between the geometric representation of various quantities and their
respective algebraic values. Nevertheless, we have observed that the underlying rela-
tional structure among those quantities remains intact—except for the time reversal
effect.

Specifically, we found that the cosine and sine of an imaginary angle can still be
used to project onto the plane, even though the algebraic values of these projections
no longer coincide with their geometric interpretation. This proved to be a powerful
analytical tool, primarily because it enables the geometric derivation of key relativis-
tic phenomena. In other words, circular geometry can effectively be employed as a
conceptual framework for understanding relativity. This realization, together with the
dynamism of the fundamental cycle, ultimately led us to the harmonic interpretation
of relativity.

Indeed, the harmonic interpretation of relativity arises from the UCM character-
istic of the fundamental cycle, combined with the possibility of projecting it onto the
axes using the cosine and sine functions of an imaginary angle. Within this interpre-
tation, a particle in an inertial state is understood as a particle that follows its own
fundamental cycle, which consists of a spacetime rotation with linear velocity equal
to the speed of light c and radius R equal to the curvature radius.

In particular, when this spacetime rotation is projected onto the real (spatial) axis,
it results in a form of complex Simple Harmonic Motion (SHM*) with proper velocity
vτ and proper acceleration aτ . In this context, the product of vτ and the rest mass mo

corresponds to the relativistic momentum, while the product of moR and aτ yields
the relativistic energy.

This interpretation allows the rest energy to be understood as analogous to the
elastic potential energy of a spring at its maximum elongation—geometrically speak-
ing. In contrast, relativistic momentum arises only in phases other than maximum
elongation and is associated with the contraction or expansion velocity of the spring.
Since we are centered on our own reference axes, we always perceive ourselves as
being at rest—i.e., at the point of maximum elongation. Other bodies, however, which
also undergo rotation in spacetime but exhibit a certain phase lag relative to us, are
perceived from our reference frame as occupying a different point in the spring’s oscil-
lation. Consequently, they are associated with a radial velocity, which is what gives
rise to their recession momentum relative to us.
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Furthermore, we interpreted the acceleration aτ as a manifestation of gravity. Since
gravity also emerges naturally from the fundamental cycle, this framework provides a
unified setting in which both the laws of special relativity and the essential ingredient
of GR—gravity—coexist coherently.

Moreover, within this harmonic reinterpretation of relativity, two novel expres-
sions—namely, Eqs. (41)–(42)—have emerged, potentially offering a new perspective
on relativistic dynamics.

We have also seen that the core of the relativistic Lagrangian for a free parti-
cle still takes the form T − V , where V represents the relativistic energy and indeed
resembles an elastic potential energy. We have observed that the resulting complex har-
monic behavior is characterized by an elastic constant k, and we have raised—but not
resolved—the question of whether this constant might be related to the cosmological
constant.

Perhaps most surprisingly, we found that the relativistic harmonic cycle, or fun-
damental cycle, comprises eight distinct phases, in contrast to the familiar four-phase
expansion-contraction cycle of the classical simple harmonic oscillator. Of these eight
phases, only four are directly observable, and among those, only two correspond to
positive energy states. The remaining two exhibit negative energy and evolve with
time reversed. We have therefore interpreted this domain as corresponding to anti-
matter. The other unobservable half unfolds in a regime where relative velocities vg
exceed the speed of light. Particles inhabiting this beyond are characterized by imag-
inary values of position, momentum, and energy. Yet, despite their imaginary and
therefore inconceivable or unobservable nature, we have argued that this realm bor-
ders our real world and thus must produce some kind of real manifestation. In other
words, although it cannot be accessed or perceived from within, we may nonetheless
be observing its outer boundary.

Since this shift in perspective—from inside to outside or vice versa—is precisely
the physical meaning of the Wick rotation, it compelled us to multiply once again by
the imaginary unit. While the first rotation led us from the external to the internal
domain, this second one brought us from the internal to the external, now accompanied
by the negative sign that follows from the operation i·i = −1, which we interpreted, by
geometric equivalence, as a rotation of 180◦. This reasoning enabled us to associate an
external and real manifestation with the imaginary realm, such that the fundamental
cycle is ultimately expressed in eight distinct phases, each one manifesting itself in
some way to the observer.

Subsequently, we quantified all possible relativistic situations between the object
and the subject, yielding a total of 8 · 8 = 64. At this point, we noted that this struc-
ture—eight distinct stages and their 64 relativistic configurations—bears a striking
parallel to the cosmology of ancient China. In this regard, it would be particularly
interesting, especially from an interpretative perspective, to investigate whether this
correspondence has any solid foundation.

Another particularly interesting feature of the fundamental cycle is that it is not
exclusive to the universe as a whole but must be present at all scales, in the same
way that the laws of relativity apply universally. This implies that such a cycle of
spacetime mesh transformation must also occur at the level of fundamental particles.
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Since this domain is governed by high-frequency cycles, our analysis suggests that
the curvature radii associated with the fundamental cycle of these particles could
be extremely small.13 This idea aligns with other theoretical contexts such as string
theory, loop quantum gravity, or models of anti-gravitating charge [48–50]. There also
exist well-known physical phenomena that may be directly related to it, such as Dirac’s
Zitterbewegung [51, 52] or neutrino oscillations [53].

It is also worth noting that the requirement for the time variable and the imag-
inary unit to always appear together—confirmed by the present macroscopic-scale
analysis—is consistent with the quantum mechanical principle ⟨Φ|Ψ⟩ = ⟨Ψ|Φ⟩∗, which
implies that changing the sign of the imaginary unit i is equivalent to reversing the
direction of time.

At the opposite end of the scale, when the fundamental cycle is considered at its
largest possible extension, profound implications arise at the cosmological level. To
begin with, it gives rise to a cyclic model of the Universe in which time gradually
transforms into space, and space into time. A more detailed analysis further reveals
that half of our observable cosmological domain—that corresponding to vg < c and
positive energies—must be characterized by accelerated expansion, an outcome that
is consistent with current experimental observations.

In particular, the accelerated expansion considered here displays the peculiar
property that consecutive measurements of a celestial body’s recession velocity yield
identical results, even though the body is undergoing acceleration. This apparent para-
dox finds an explanation in the phenomenon of gravitational time dilation. Therefore,
it may be concluded that the effect of accelerated expansion is, to some extent, an
observational illusion. Nevertheless, we have also noted that this scenario is superim-
posed on a dynamic, cyclic background governed by the universe’s fundamental cycle,
which may modulate the observed expansion. Indeed, assuming that the accelerated
expansion scenario is a fixed one—fixed in the sense that consecutive measurements
of distance and velocity associated with distant cosmic objects always yield the same
values—is analogous to assuming that two objects in free fall through a tunnel cross-
ing the Earth maintain a constant relative distance between them. That is, one must
take into account that, although from our reference frame the scenario may appear
to be static—since our relative angle θ with respect to these distant bodies does not
change—we cannot overlook the fact that, in the background, the universe’s cycle
continues to unfold. This cycle causes space itself—and time—to undergo 8 different
stages, and therefore must modulate our final perception in some way. Understanding
the nature of this modulation would be of great interest.

We have also pointed out that, regardless of the amount of presence in the uni-
verse, the fundamental cycle between presence and absence always follows the same
curvature. This implies that absence also interacts gravitationally and, therefore, has
been identified with Zwicky’s dark matter. This interpretation has made it possible to
calculate the period of the universe by combining the current amount of dark matter
with the present age of the universe, yielding a result of T ≈ 42.07 billion years.

13We do not address this here, as the analysis requires a separate and dedicated article, but there are
indications suggesting that the curvature radius associated with such microscopic particles could be on the
order of their Compton wavelength.
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A similar value (T ≈ 42.2 ± 0.6) for the universe’s period has also been obtained
through an alternative approach. In this case, the distance D—in Figs. 24 and 26—
has been interpreted as the amount by which the curvature radius of the object is
reduced from the observer’s point of view. This reduction causes the observer to per-
ceive the object as if it were under the influence of a stronger gravitational field and,
consequently, gravitational time dilation leads this difference to manifest as a redshift.
In this way, we have derived an expression for the Hubble–Lemâıtre law.

Specifically, for small redshift values, we have found that the Hubble constant
directly corresponds to the rotational frequency associated with the universe’s cycle.
This has allowed us to recalculate its period, which—when using the value of H0

obtained through “late universe” techniques—is in good agreement with the previously
derived result. However, when using “early universe” techniques to determine the
Hubble constant, the resulting period does not align as well with the independently
derived value, thereby providing a first argument in favor of interpreting the Hubble
tension as an indication that the late universe measurements may more accurately
reflect the underlying cosmological dynamics.

As for the phase in which we currently find ourselves within the universe’s cycle,
the only conclusion we can draw at this point is that the agreement between the two
computed values of the period suggests that, from our perspective, we are observing
a phase in which space is evolving toward its point of maximum expansion (points 2
and 4 in Fig. 28).

Another significant aspect of this cosmological model is the abandonment of the
notion of a Big Bang as a spatially centered event occurring at a single, universal
initial moment for all regions of the universe. Instead, this event is reinterpreted as
a phase within a larger cosmological cycle, experienced at different times depending
on the observer’s location within the cycle. To clarify this idea, we have drawn an
analogy with the terrestrial day-night cycle: just as the sunrise occurs at different
times in different locations on Earth, there are regions of the universe that, at this
very moment, are undergoing their own Big Bang phase.

In summary, the universe model proposed by the fundamental cycle describes a
cyclic cosmos whose dynamics should be observable through the increase or decrease
of dark matter. It is an observer-dependent universe, and our current phase corre-
sponds to a period in which the amount of dark matter is declining. In this framework,
the scenario of accelerated expansion is interpreted as a fixed and partially illusory
effect, superimposed on a deeper, cyclic background—the fundamental cycle of the
universe—which may modulate our perception of cosmic expansion.

These findings open up interesting directions for future research. The idea of a
harmonic reinterpretation of relativity leads to the possibility that the dynamical
behaviour of spacetime, as described in GR, could emerge from a superposition of
fundamental cycles. In this view, spacetime curvature and evolution might be rein-
terpreted as the collective effect of a spectrum of harmonic oscillators, each governed
not by traditional real-valued Simple Harmonic Motion, but by its complex-valued
counterpart.
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Although the approach developed here provides strong support for the existence of
a fundamental cycle as a unifying organizational principle in nature, operating coher-
ently across all physical scales, it is important to note that at microscopic scales, the
assumption of continuous time flow may no longer hold. Instead, a discrete temporal
structure may need to be considered, as suggested by approaches such as loop quan-
tum gravity [54]. Further work will be required to explore how this transition from
continuous to discrete dynamics might be incorporated into the present framework.

Note

The original manuscript was written in Catalan. Some portions of the English transla-
tion were assisted using AI-based language tools (ChatGPT), under the author’s full
supervision.

References

[1] Minkowski, H.: Raum und Zeit. Physikalische Zeitschrift, Garden City, NY (1909).
English translation in: Lorentz, H. A., Einstein, A., Minkowski, H., Weyl, H.
(1952). The Principle of Relativity. Dover Publications.
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