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The anthropic principle suggests that the universe’s fundamental constants are precisely fine-
tuned to allow for life. However, by incorporating a dynamic physical perspective of nature, such as
the multiscale thermodynamic principle known as Principium Luxuriæ, it is found that fundamental
constants and forces of the universe may evolve over time in a non-Euclidean universe. If the universe
has this geometry, it would have profound implications, which are discussed in this paper. For
example, that the conditions conducive to life are not static and finely tuned but rather transient,
undermining the need for a fine-tuned universe. Given that multiscale thermodynamics requires
external forces, it’s plausible that the universe’s expansion could be linked to the existence of other
phenomena such as other universes acting as external forces, each with their own evolving laws of
physics. This suggests that life might be a transient and coincidental occurrence across multiple
universes, if they exist. Additionally, the ever-evolving physical laws limit our ability to fully
comprehend the universe at any given time. As we inevitably overlook certain aspects of reality,
physical systems cannot be fully explained by the sum of their parts. Consequently, emergent
phenomena like consciousness could not be studied from a self-referential perspective, as there will
always be elements beyond our understanding.

Keywords: Multiscale Thermodynamics, Anthropic Principle, Evolving Physical Laws, Emergent
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I. INTRODUCTION

Since the dawn of civilization, humanity has gazed at
the night sky and pondered the existence of the universe.
Why is the cosmos as it is? Why do the laws of nature
permit life? The anthropic principle, a concept that has
captivated philosophers and scientists alike, posits an in-
triguing answer: Our universe appears to be fine-tuned to
allow for conscious observers like ourselves [1–3]. A con-
trasting perspective that challenges this fine-tuned view
is offered by the multiverse hypothesis. This implies that
our universe is only one of countless others, each with
distinct physical constants. In this framework, our uni-
verse’s capacity to support life is seen as a matter of
chance rather than deliberate design [4, 5]. Beyond the
debate over cosmic fine-tuning, fundamental constants,
the numerical values governing interactions between par-
ticles and forces, play a pivotal role in shaping the uni-
verse. These constants not only define the properties
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of matter and energy, but also influence the large-scale
structure of the universe [6], giving rise to phenomena
such as fractals [7–12], hierarchies and emergent proper-
ties [13–23]. Even consciousness, as an emergent prop-
erty of complex systems [24], could be intrinsically linked
to these constants.
A promising tool for understanding the relationship

between fundamental constants, the fractal dimension of
universe D, and emergent systems is multiscale thermo-
dynamics [25, 26]. This theory proposes that complex
systems can be described in terms of multiple scales, from
the microscopic to the cosmological, based on the frac-
tal dimension. Moreover, it suggests that the evolution of
these systems is driven by energy and matter flows across
these different scales. Evidence suggests that the fractal
dimension of the universe is not static but evolves over
time as it has different values in different epochs [27–
29]. Therefore, it is natural to ask whether fundamental
constants and the emergent properties of complex sys-
tems are related through this changing theoretical frame-
work [30–32]. Consequently, the potential for long-term
variability in these constants merits serious consideration
within the context of the anthropic principle. Moreover,
critical realism, with its focus on complexity and epis-
temological limitations, provides a suitable theoretical
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lens through which to examine these concepts. In the
domain of complex systems, critical realism asserts that
the whole is more than the mere aggregation of its parts,
thus challenging reductionist accounts [33]. By acknowl-
edging that our theories are always incomplete models of
reality, critical realism invites us to consider the possi-
bility of levels of reality beyond our current understand-
ing [34]. If we apply this perspective to fundamental
constants, we can ask whether our current understand-
ings are complete or if, like the fractal dimension, these
constants might be subject to change throughout the his-
tory of the universe. This dynamic view of the universe
presents profound philosophical implications. Could we
be witnessing a constantly transforming universe where
the laws of physics are not immutable but evolve along
with it? What does this imply for our understanding of
the nature of reality? To address these questions, this
paper will explore this possibility in depth. Given its
interdisciplinary nature, this work is divided into two
parts. In the first part is primarily physics-oriented and
comprises sections II and III. These sections will delve
into the connection between fundamental constants, the
fractal dimension of the universe as understood through
multiscale thermodynamics, and the resulting physical
implications. The second part aims to invite a broader
audience to comprehend the implications of the preced-
ing sections. This is comprised of Section IV, which will
explore a series of philosophical consequences, encom-
passing the anthropic principle and critical realism, and
contrasting ideas. Section V will discuss this perspec-
tive from a broader philosophical standpoint, while the
conclusions will be presented in Section VI.

II. PHYSICAL CONSTANTS AND FRACTAL
DIMENSION

Current galactic structures can be described as fractals
with dimensions around 2.2 or varying between 1 and 1.2,
averaging 1.2 [27, 29]. It should be noted that, accord-
ing to Ref. [35], the fractal dimension of a given system
can be related with other dimension by adding an integer
constant. For instance, if D is 1.41, its two-dimensional
approximation would be 2.41. By expressing the Golden
Ratio in terms of fractal dimension D (see Equation A5
in Appendix A and Figure 1 for mathematical develop-
ment), the observed D of galactic structures can be de-
rived, thus revealing a deeper connection between the
two quantities. Given D’s temporal evolution from high
values close to the big bang time (D > 2.6) [28, 36, 37],
φ is expected to evolve similarly. As depicted in Figure
2a, the value of φ decreased from values near 4 at the
time of the Big Bang to its present value of around 1.6.
Viewing φ as a ratio a/b, its change can be attributed
to variations in a and b. In a rectangular representation,
where a and b describes the rectangle sides, the evolution
would involve a contracting and b expanding until they
equalize, transforming the rectangle into a square (Fig-

ure 2b). In the context of multiscale thermodynamics,
D is understood as an energy dissipation balance, with
lower values indicating more efficient large-scale (dS) and
higher values for smaller-scale (dS0) dissipation [26, 38].
Equation A10 in Appendix A shows that φ is a function
of dS and dS0, implying that all structures characterized
by φ are essentially physical systems formed by dissipat-
ing energy. Consequently, the convergence of a and b im-
plies a system exhibiting a more substantial macroscopic
energy dissipation.
Appendix A demonstrates that π can be expressed in

terms of φ, with π increasing as φ decreases during cos-
mic expansion. Although π is conventionally understood
as a constant and is thus immutable by definition, it is
conceivable that it could assume different values within a
non-Euclidean geometric framework (e.g., Ref. [39]). As
some authors have explored such geometries in the con-
text of cosmological studies (e.g., [40–42]), the following
analyses will proceed under the assumption of a universe
governed by non-Euclidean conditions.
Figure 3 illustrates these parameter changes and the

rate of change of π. Figure 4a schematically illustrates
π’s deviation from the classical ratio of circumference to
diameter. Unlike the convergent nature of φ, π exhibits
a growing circumference relative to diameter. Figures
4b and 4c explore potential causes for this discrepancy,
suggesting non-planar geometries for both circumference
and diameter. Essentially, π reflects the extent to which
these geometric elements deviate from a two-dimensional
plane.

III. EFFECTS IN SOME PHYSICAL
CONSTANTS

The change of π impacts fundamental non-Euclidean
physics due to π’s presence in key equations. For in-
stance, the vacuum magnetic permeability µ0 is propor-
tional to π [43], suggesting a rising µ0 over cosmic time
(Figure 5a, blue curve) and weaker past magnetic fields
[44]. This affect permittivity ε0, decreasing over time
(Figure 5a, red curve), suggesting a more electrically ac-
tive early universe. The change in c potentially influ-
ence current light measurements and frequency (Figure
5b). Consequently, light would have traversed greater
distances in shorter time frames, causing distant objects
to appear nearer. This variation in frequency implies
an approximate 1000 nm wavelength shift, correspond-
ing to a redshift of around 1.6. This has been observed
in galaxy clusters under a constant c [45]. Note that
D can be interpreted as a time marker, with D = 3
corresponding to 27 billion years ago and D = 2 to 6.8
billion years in the future, aligning with recent estimates,
such as Ref. [46]’s 26.7-billion-year age of the universe
and reinforcing the potential of D as a cosmological clock
(Figure 5). Since the gravitational constant GE is a func-
tion of π (Equation B3 13 in Appendix B), the grav-
itational force is thereby influenced. This relationship
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FIG. 1. a) shows the representation of the Fibonacci sequence, where the red curve corresponds to the Fibonacci spiral. b),
c), and d) depict different graphical representations of the Fibonacci sequence. Figure 1b displays the sequence based on the
Fibonacci numbers, while Figure 1c presents the same data with the vertical axis expressed logarithmically. In Figure 1d, the
effect of the variable change described by Equation A2 is demonstrated. This last figure illustrates that the Fibonacci sequence
can be expressed as a power law.

implies that gravity during the Big Bang was approxi-
mately 10% weaker than its current state (black curve
in Figure 5c). The strength of electromagnetic forces,
characterized by the fine-structure constant α, which is
also π-dependent (Equation B4 in Appendix B and Ref.
[47]), is also predicted to increase over time (see Fig-
ure 5c, blue curve). Given that α can also be linked to
the Golden Ratio [48], any variation in φ would conse-
quently affect α, further supporting the hypothesis of α’s
non-constancy.

IV. PHILOSOPHICAL CONSEQUENCES

This section outlines the potential consequences and
paradigm shifts arising from a non-Euclidean universe

with mutable laws. Such implications may extend to
profound aspects of physics, mathematics, and critical
realism.

A. Principium Luxuriæ vs the Anthropic
Principle?

The anthropic principle argues that the universe’s con-
stants, crucial for life, appear ”fine-tuned” because even
slight changes in fundamental forces might render life
impossible [49–51]. Some authors regard fine-tuning too
precise, implying that life seems improbable by chance
alone [52]. Besides, there is no explanation why life
arrived much later than the universe’s birth, requir-
ing a pre-existing Earth and the formation of complex
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FIG. 2. a) The evolution of the golden ratio value as a function of thermodynamic fractal dimension is shown. As it has been
suggested that D may change as the universe progresses, it is shown that the golden ratio decreases. The figure shows the
current value of φ and what it could have had at the beginning of the universe. b) A schematic representation of the change
in the golden ratio over time can be made by considering the interpretation given by the ratio between the sides a and b of a
rectangle. As D decreases, the ratio a/b tends to one, so the sides of the rectangle tend to be similar (a square).

molecules for life’s building blocks. This principle also
assumes a fixed set of universal parameters. These anal-
yses and definitions, however, are predicated on a Eu-
clidean framework. Equations B3 and B4 show that
the issue of universal constants is significantly altered
in a non-Euclidean universe, where they behave as time-
varying parameters. This raises the possibility of early
eras where fundamental forces were too weak for life, po-
tentially hinting at a dynamic universe with evolving pa-
rameters. In particular, Equation B4 suggests that a
weaker electron charge (smaller fine-structure ’constant’
α) would have resulted in weaker electric forces, hinder-
ing the formation of complex molecules essential for life
[43]. Similarly, a weaker gravitational force (Equation
B3) would have impeded the formation of planets and
stars. Notably, neither complex molecules nor planets
are observed in the early universe. This aligns with the
”Principium Luxuriæ” hypothesis, which posits that fun-
damental forces might have strengthened over time, po-
tentially due to evolving constants. This concept of non-
constant forces resonates with longstanding theoretical
explorations by Refs. [53–55]. The anthropic princi-
ple, sometimes used to argue for a fine-tuned universe
by a higher power [56], faces challenges. The controver-
sial multiverse hypothesis suggests numerous universes
with varying constants, potentially explaining the seem-
ingly arbitrary values we observe [4, 5]. This allows
life-supporting conditions in some universes, while others
remain sterile [57]. The alternative to multiverse theory
is simply accepting the universe ”is what it is,” which
is seen as unscientific [58]. If the universe’s constants
changed over vast timescales, the need for anthropic ex-
planations like the multiverse or fine-tuning would di-
minish. These concepts attempt to explain the ”special”

values of the constants that allow life. With evolving
constants, there’s no need for a preordained or statisti-
cally necessary value for life to arise. Life simply ap-
pears under temporarily favorable conditions within a
constantly changing universe. In essence, the constants
are not ”fine-tuned” for life; they merely evolve, and life
emerges under compatible conditions. While fine-tuning
arguments with a multiverse can be dismissed, the con-
cept of multiple universes remains open. The Princip-
ium Luxuriæ suggests fractal dimensions, like mass dis-
tribution, require an external force [26]. This external
force could be interaction with other universes, poten-
tially explaining the universe’s expansion [59] or chang-
ing forces [60]. The latter aligns with the idea of an
open universe interacting with others, solving the non-
conservation issue proposed by the Principium Luxuriæ.
This logic suggests a two-way street: our universe might
influence others, causing their internal forces to evolve
due to inter-universe interactions. Consequently, other
universes might also lack fine-tuned constants for life.
This scenario surpasses the anthropic principle’s simplic-
ity. In this framework, none of the universes are pre-
ordained for life; instead, they arise from complex in-
teractions without necessarily favoring their existence.
Evolving parameters could impact the future. Increased
electromagnetic and gravitational forces might concen-
trate matter, eventually leading to the collapse of com-
plex molecules and potentially life as we know it.

B. Scientific Realism and Gödel’s theorem

Scientific realism posits that existence is absolute and
independent of our observations and theories. This im-
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FIG. 3. Figures a and b show the change of π as a function of the thermodynamic fractal dimension and the golden ratio,
respectively. If we consider that the increase in D is associated with a reversal in time, we can find how φ and π change over
time as shown in panels c and d, respectively. That is, φ decreases while π increases.

plies that nature possesses immutable rules, while our
ability to access them limits our knowledge (e.g., Ref.
[61]). However, if the universe alters its laws of nature
(as shown in this work), our objective knowledge shifts
in accordance with the changing reality. This analogy
resembles the notion that a river is not the same upon
each observation (Heraclitus’ River), as its constituent
particles have already moved away from the measure-
ment point (e.g., Ref. [62]). In essence, what we cur-
rently perceive as reality will cease to be in the future,
rendering absolute knowledge forever beyond our grasp.
This has profound implications for scientific advance-
ment. For instance, scientific realism advocates scientific
progress, asserting that we are constantly approaching
the truth, with each experiment or result enhancing our
understanding of nature (e.g., Ref. [63]). If the universe

alters fundamental principles of reality, it is likely that,
in the long run, what we term progress will conflict with
prior knowledge, as current knowledge describes a reality
different from that of the past universe. This can be rep-
resented as follows: Let the evolving state of knowledge
at time t be denoted by K(t), while the reality itself is
represented by the set R0. Note that the concept ofK, as
used in this context, represents the maximum attainable
knowledge of nature, not a reflection of our technologi-
cal capabilities. In other words, K signifies the extent
of knowledge that the universe itself permits us to ac-
quire. It is expected that our knowledge will always be
a sub representation of the immutable reality, hence the
relationship between K and R0 can be expressed as:

K(t) ⊆ R0 (1)
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FIG. 4. Representation of the change of π as a change in the ratio between the circumference cir and diameter 2r. a)
Representation of the change of π using the sides of a rectangle, as in Figure 2b. When D tends to 3 (past), the ratio tends to
0.5, while when D tends to 2 (future), the ratio tends to 5. b) Representation of the change of π considering that the diameter
(double red arrows) could be greater that the circumference because it is not in the same plane as the circumference (blue).
c) Representation where the circumference (blue) is the one that leaves the plane where the diameter (double red arrow) is
located, allowing the circumference to be larger as the time progresses.

Where R0 is constant. On the other hand, the advance
of scientific progress over time can be expressed in the
form:

lim
t→∞

K(t) = R0 (2)

The presented Equation 2 implies that over a sufficiently
extended period, we could attain complete and accurate
knowledge of reality. However, it is crucial to consider
the inherent distinction between knowledge as an internal
state of the mind and reality as an external entity. This
distinction suggests that Equation 2 should be viewed
as an approximation rather than an absolute equality.
Furthermore, Equations 1 and 2 assume that R0, the set

representing the true reality, remains constant. However,
if the laws of nature are subject to change, influenced by
evolving constants, then R0 should be redefined as R(t),
a time-dependent set. Consequently, Equation 1 would
only hold true for a specific moment in time, t0. That is:

K(t0) ⊆ R(t0) = R0 (3)

This would mean that it cannot be said that our knowl-
edge was always a sub representation of reality. This
means that there could be a time t1 in which the expres-
sion:

K(t1) ⊈ R (4)
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FIG. 5. a) The blue curve shows the change in the vacuum magnetic permeability, assuming that π can change. It is shown
that this increases over time. Since the electrical permittivity ε0 depends on µ0, an increase in µ0 implies that ε0 could decrease
(red curve). b) The black curve shows how the speed of light would evolve if the permittivity ε0 is considered constant, as it
does not depend directly on π. In this case, the speed of light would decrease over time. An interesting implication of this is
to consider the wavelengths λ (in this case red, 650 nm) and how they vary as time evolves. It is shown that there would be a
redshift as the frequency would also decrease over time. c) Two examples of physical constants that explicitly depend on the
speed of light are the gravitational constant GE (black curve) and the fine structure constant α (blue curve). Both increase as
the universe evolves.

Be valid. In other words, if reality is entirely measurable,
it implies the existence of potential forms of knowledge
that cannot be verified (since they lie outside the realm
of the real and measurable). However, within a given
system, K could be true despite not being real or mea-
surable. This suggests that as the laws of nature change,
there may exist true knowledge that was measurable in
the past but may cease to be measurable or demonstrable
within our current or future understanding. This par-
allels Gödel’s incompleteness theorems, which establish
that there are truths in certain systems that cannot be
proven [64, 65]. In this sense, Gödel’s description could
be analogous to the logic of a state of knowledge within a

universe with changing laws. Equation 4 could also mean
that our senses are not good mechanisms for collecting in-
formation and interpreting the environment, or they are
unreliable mechanisms. In this situation of errors of in-
terpretation, one could reach erroneous conclusions, such
as assuming that R and the laws of nature are constant
over time. The situation described by Equation 4 can be
applied on a smaller scale to the case of the first human
hunter-gatherers who, upon perceiving an unstable and
unpredictable world (equivalent to saying that their real-
ity R mutates), decided to generate fictional stories that
are not measurable as part of their knowledge K (e.g.,
Ref. [66]). Nowadays, we could say that, since the things
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FIG. 6. a) this diagram illustrates the Participatory An-
thropic Principle scenario involving two photons emitted from
a distant star, each following distinct paths (curved black ar-
rows). If a galaxy’s gravitational influence can bend the light’s
trajectory, the paths could converge at a specific point, poten-
tially on Earth where an observer (gray rectangle) is present.
The act of measurement would select one path (highlighted
in green), implying that the light from path two never orig-
inated, which, according to Wheeler, would signify an influ-
ence on the past. b) diagram that illustrates the evolution of
reality R (blue curve) governed by changing physical laws and
the evolution of our knowledge K (red curve) over time. Ac-
cording to Equation 7, our knowledge K about reality R at a
given instant t1 is always limited by an uncertainty ∆R (trans-
parent magenta double arrow). This implies that knowledge
at time t1 can be associated with a prior reality R(t0).

that happen around us also have a certain amount of un-
certainty or unexpected change (or a changing R), then
it is normal to generate or ascribe to fictitious knowl-
edge. On the other hand, Equation 2 would be valid
only for an R′ that represents an outdated reality of the
form R′ = R(t′), where R(t′) represents a reality from
some previous or posterior moment t’. Considering this,
Equation 2 becomes:

lim
t→∞

K(t) = R′ = R(t′) (5)

Since reality R′ can evolve independently of t, it can
be said that the state of knowledge K may not converge
to reality R. This case can be expressed as:

lim
t→∞

K(t) ̸= R (6)

Equation 6 suggests that the pursuit of complete com-
prehension of reality may be an inherently unattainable
long-term goal. As the laws of nature evolve and the
value of R expands, potentially encompassing elements
outside the current domain of knowledge, reality itself

may expand in a manner that outpaces our ability to
fully grasp it, maintaining a perpetual gap between our
knowledge and reality.

C. Wheeler’s Participatory Anthropic principle
and the past

The Participatory Anthropic Principle proposed by
Wheeler draws upon an interpretation of quantum me-
chanics, particularly the wave function collapse, which
describes the probability of encountering different states
representing a particle-scale system [67–69]. These quan-
tum states can coexist until they collapse, or are selected
into one, through a measurement process. Here, Wheeler
extended this concept to the universe as a whole. Build-
ing upon the double-slit experiment with extra glass, he
proposed that the universe itself could be in a superposi-
tion of quantum states until it is observed or interacted
with by conscious beings (e.g. Ref. [70]). This im-
plies that the very existence of the universe might de-
pend on the presence of observers or that the universe
is self-created. This suggests that present-day observers
could influence the past [71]. To understand this, con-
sider the case of light propagation from a distant star.
Two light beams propagating in different directions can
be bent due to the presence of a massive object, such as
a galaxy generating a gravitational lens, and converge at
a later point like the Earth (see the curved arrows in the
schematic Figure 6a) [72, 73]. This means that two pho-
tons can take different paths before reaching the Earth,
forming an interference pattern similar to a wave.

According to the double-slit experiment, when one pro-
ceeds to measure where the photon originates (observer
in Figure 6a), it behaves as a particle, defining a single
path taken (highlighted green curved upper arrow in Fig-
ure 6a) [74]. According to the Participatory Anthropic
Principle perspective, measuring the traveling photon on
Earth automatically defines the path the photon had to
take millions of years ago in the past, suggesting an influ-
ence of the present on the past. Nevertheless, Equations
4 and 6 suggest a different scenario. If the fundamen-
tal rules of nature are not static but undergo constant
transformation over time, the notion of attaining abso-
lute understanding of reality becomes elusive. This inher-
ent uncertainty, denoted by ∆R, is not merely a theoreti-
cal construct but a reflection of the ever-changing nature
of the universe itself. This uncertainty manifests not in
some distant future but in the present moment. Every
piece of knowledge we acquire about reality carries within
it the imprint of a past reality, a limitation imposed by
the dynamic nature of the cosmos. In other words, if we
represent a past time as t0 and the present time as t1, we
can establish that our knowledge K(t1) is not equivalent
to the true reality R(t1). Instead, our present knowledge
can only approximate the state of reality that existed in



Venegas-Aravena and Cordaro, 2025. PhilSci-Archive, v2(1):1-18. 9

𝜉1

System

External
 energy …

Different layers
 or scales

Emergent
 property

𝐸1

𝑡1

External
 energy …

Different layers
 or scales

New Emergent
 property

𝐸2

𝑡2

𝜉2

External energy

Em
er

ge
nc

e

𝐸1 𝐸2

𝜉1

𝜉2

}𝛿𝜉

𝑎)

𝑏)

𝑐) 𝜉2 = 𝜉1 + 𝛿𝜉( ሶ𝐸) 

Not known 
(Uncertainty)

ሶ𝐸 = ሶ𝐸(𝐸1, 𝐸2)

Multiscale 
response

Multiscale 
response

Emergent property
 evolution Present consciousness 

Past consciousness 

𝑟: Past 
        from present
 consciousness 

𝑟 = 𝛿𝜉2 + Δ𝐸2 

FIG. 7. Schematic of emergent behavior in the context of multiscale thermodynamics. a) shows how an external energy
generates a response at multiple scales (red, green, and yellow rectangles) where an emergent behavior ξ1 appears. b) shows
how the emergent behavior changes toξ2 when the external force changes. c) indicates how emergent behavior changes as a
function of the change in external energy (red curve). δξ is the change in emergent behavior that depends on the change in
external energy. Since the (present) state of E2 cannot be known, δξ cannot be known either. If emergence corresponds to

consciousness, the present consciousness can only analyze past consciousness through the form r =
√

δξ2 +∆E2, where r is the
measurement of past consciousness from the present consciousness. Thus, δξ and ∆E depend on E2, so consciousness cannot
study itself.

the past, R(t0). That is:

lim
t→t1

K(t) ≈ R(t0) ̸= R(t0) (7)

This can be seen in the schematic in Figure 6b that il-
lustrates the interplay between an evolving reality (blue
curve) and our ever-expanding knowledge (red curve).
The inherent uncertainty in our understanding is cap-
tured by the formula ∆R(t1) = R(t1) − K(t1) (trans-
parent magenta double arrow in Figure 6b). This repre-
sents the gap between the true reality R(t1) at a given
time t1 and our limited knowledge K(t1) of that real-
ity. Note that ∆R is always unknown because the R of a
present time is inaccessible. The transparent green dou-
ble arrow emphasizes that despite our efforts, there will
always be a time lag, ∆t, preventing us from achieving
complete knowledge, as it would always refer to a past
reality. In the scenario proposed by Wheeler, an inher-
ent uncertainty always exists regarding the location of a
photon (or quantum particle) in its present state. In this
context, Heisenberg’s uncertainty principle, which states
that there is a fundamental limit to the precision with
which we can simultaneously measure certain pairs of
complementary properties of a particle (e.g., Ref. [75]),
could be considered an equivalent version of ∆R in a uni-
verse with evolving physical constants. Additionally, it

can be assumed that this pair of photons departed from
the star at a time t0 when the physical reality was R(t0),
while the measurement process occurs at a time t1. Con-
sequently, the measurement process increases our knowl-
edge K(t1) and aligns it with the reality R(t0) in which
the photon left the star. It is crucial to emphasize that
K(t1) is maximized at instant t1, implying that it is real-
ity itself that limits what can be detected, not a matter
of ignorance or inadequate measurement techniques. In
essence, the universe itself imposes a constraint on what
can be known about it. This suggests that the present
does not determine the past; rather, the present is inher-
ently uncertain, preventing us from knowing a particle’s
state until we acquire sufficient knowledge equivalent to
that of a past physical reality (in this case, the photon’s
actual path).

D. Emergent behaviors

Within the framework of multiscale thermodynamics,
emergent behaviors arise from systems seeking to dis-
sipate excess energy macroscopically, resulting in a low
D, defined as a balance between different scales. This
perspective posits that emergence occurs when numer-
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ous system parameters converge in their pursuit of en-
ergy expulsion, giving the illusion of coordination. As
the theory does not mandate the independence of lower-
scale components, it can accommodate both weak and
strong emergence. Human body temperature exempli-
fies this: while composed of Earth-abundant materials,
the individual molecules have a low temperature, yet the
collective dissipates energy more efficiently, leading to a
higher body temperature. Thus, life could be viewed
as an energy dissipation mechanism, where order is an
emergent property. This interpretation offers a reduc-
tionist view of emergence, shifting the paradigm from
’the whole is greater than the sum of its parts’ to one
where emergence is merely a consequence of energy dis-
sipation across scales.

While this reductionist perspective is appealing, it
may oversimplify the complexity of emergent phenomena.
Firstly, this perspective necessitates an interplay between
different scales or sizes, suggesting that a system cannot
be explained solely by its constituent parts. In other
words, the interaction between strata or scales gives rise
to emergence. This requirement for multi-scale interac-
tions is a fundamental aspect of critical realism [76].
). Secondly, inter-scale interactions, triggered by exter-
nal energy, render multi-scale systems irreducible. This
is because emergent behavior is contingent upon context
and external influences beyond the system itself. Con-
sequently, the sum of internal elements is insufficient to
explain the complete behavior. This insight aligns with
critical realism [33]. Finally, considering that both the
strength of interactions and their external energy source
can fluctuate over time, understanding the emergence
process becomes challenging without temporal discrep-
ancies. This implies that a fixed or universal explanation
for emergence cannot be expected. In other words, if a
system exhibits emergent properties, the causes of such
emergence are inaccessible. Figures 7a and 7b illustrate
this: an external force induces a multiscale response,
leading to an emergent behavior ξ1 that shifts to ξ2 when
the external energy changes (Ė). Mathematically, this is
ξ2 = ξ1 + δξ (Figure 7c), where δξ is dependent on the
change in external energy, δξ(∆E). However, ∆E, being
the difference between E2 and E1 in time (with E2 be-
ing the present external energy), cannot be fully known.
In the specific case of consciousness as an emergent phe-
nomenon, a parameter r can be introduced to represent
the relationship between the present consciousness ξ2 and
past consciousness ξ1 (Figure 7c). That is, r represent
the measurement of the emergent consciousness ξ1 from

ξ2. This parameter, r =
√

δξ2 +∆E2 , is dependent on
both δξ and ∆E, which are in turn reliant on the un-
known E2.

V. SUMMARY AND DISCUSSIONS

This study posits that multiscale thermodynamics,
which is rooted in the generalization of the action-

reaction principle by enabling energy dissipation across
various scales and potentially accounts for the power-
law distributions observed in the universe [25, 26, 38],
offers a novel interpretation of foundational aspects of
physics, mathematics and reality itself in non-Euclidean
universes. As the results encompass several aspects of
science; the discussion section is separated mainly into
two different topics. That is, the physical and the philo-
sophical consequences.

A. Evolving physical constants

Firstly, both fundamental constants and the intensity
of forces evolve over time as the (non-Euclidean) uni-
verse expands. To substantiate this claim, it explores
the possibility that fundamental parameters such as the
golden ratio φ, π, the gravitational constant GE , or the
fine-structure constant α – objects of ongoing research
[77–80]– may be dependent on the fractal dimension D,
which vary with time. This dependency implies a corre-
sponding evolution of the universe’s physical properties.
For instance, Equations A5 and A6 link D to φ, while
Equation A10 suggests that systems characterized by φ
are products of dissipative energy mechanisms. Given the
prevalence of φ and π in the fabric of spacetime [81, 82],
these constants may be associated with changes in space-
time itself, such as variations in anisotropy, which is a
potential feature of non-Euclidean geometries (e.g.,[83]).
Furthermore, π is strongly linked to changes in perme-
ability and permittivity of vacuum. It is conceivable
that weaker electromagnetic fields existed in the past,
hindering matter from coalescing. The possibility of a
variable speed of light also warrants consideration in a
non-Euclidean universe. Despite high-precision measure-
ments supporting a constant speed of light, the hypothet-
ical scenario of a faster speed of light in the past remains
a topic of ongoing investigation, especially if the universe
is non-Euclidean. Consistent with this, Figure 5c indi-
cates a potential decrease in both gravitational and elec-
tromagnetic forces during the early universe. The lower
value of the gravitational constant (black curve) implies
a weaker large-scale attraction, potentially delaying the
formation of stars and galaxies. Similarly, a smaller fine-
structure constant (blue curve) suggests a weaker electro-
magnetic force, which could have led to less stable atoms
and molecules. This increasing fine-structure constant,
supported by existing research [84, 85], reinforces the hy-
pothesis of evolving fundamental constants and their pro-
found impact on the (hypothetical non-Euclidean) uni-
verse’s structure and composition. From a geometric
standpoint within multiscale thermodynamics, systems
with high D tend to fill their available space [26]. This
implies weaker forces initially allowed for a more even
distribution of particles in the early universe. However,
a decreasing D, indicative of a universe becoming less
space-filling, could signify a gradual strengthening of at-
tractive forces. This translates to an increased concentra-
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tion of mass in localized regions, potentially explaining
the formation of structures like planets and biological
systems. The geometric perspective of the principium
luxuriæ, therefore, could not only justify the existence of
attractive forces at different scales but also suggest their
potential increase over time and the subsequent forma-
tion of agglomerated structures, such as planets up to
biological systems. This change in forces also seems to af-
fect time. For instance, an increase in the force of gravity
means that a quantity of mass distorts spacetime more.
This could cause areas closer to the masses to experience
time passing more slowly as the universe evolves. In this
context, the expansion of the universe could be inter-
preted as attempting to counteract the flow of time. This
framework challenges the notion of some constants being
truly fundamental in the long term in non-Euclidean uni-
verses. Thus, forces are a manifestation of a universe try-
ing to get rid of excess energy, which could suggest that
the forces in nature are thermodynamic manifestations.

B. Philosophical consequences

The concept of evolving physical constants has pro-
found philosophical implications. Section IV demon-
strates a diminished role for ”cosmic design” if constants
are not fixed in a non-Euclidean universe. The emer-
gence of life, under this framework, would be a conse-
quence of intensifying forces, not a product of chance or
divine intervention. This potentially suggests life could
be widespread throughout the universe, arising almost
simultaneously across various locations. Life, in this sce-
nario, would not be a phenomenon defying the second
law of thermodynamics but rather a manifestation of it,
a dissipative process. Life, then, could be an ubiquitous
yet ephemeral consequence in an ever-evolving universe.
With continuously increasing forces, the future could see
a collapse or convergence of molecules and mass, po-
tentially leading to widespread black hole proliferation.
Note that this idea that gravity is related to entropy
on a cosmic scale has been developed for decades [86–
88]. Furthermore, the hypothesis of the heat death of the
universe, where black holes eventually fade away due to
Hawking radiation [88], would not hold with an exter-
nal energy source. Interestingly, there would be no need
for other fine-tuned universes, but rather for ”something
external.” This could suggest the existence of the multi-
verse perspective, but also the existence of other causes
associated with this idea. In this way, the anthropic prin-
ciple would not hold in these forms if the universe were
non-Euclidean.

A second profound philosophical question arises: how
does a changing non-Euclidean universe impact our abil-
ity to understand it? If fundamental forces are not static
but evolve over time, reality itself becomes dynamic.
This implies our knowledge is constantly in flux. Even
if we capture a snapshot of reality at a specific point
(Equation 7), it might only represent a transient state.

Consequently, aspects of reality may always remain elu-
sive. Critical realism aligns with this perspective, em-
phasizing the distinction between the ”real world” and
the ”observable world.” This contrasts again with the
anthropic principle, which draws conclusions about the
universe without fully acknowledging observational limi-
tations. These limitations arise from the assumption of
fixed constants and natural laws, which are absent in a
universe with evolving physical constants.

The idea of an inherently inaccessible reality due to
its ever-shifting nature shares intriguing parallels with
Gödel’s incompleteness theorems and Heisenberg’s un-
certainty principle (Section 4.2 and 4.3). These concepts,
despite originating from distinct fields (mathematics and
quantum mechanics), converge on a common theme: fun-
damental limitations in achieving complete knowledge.
While the limitations of Gödel’s theorems arise from in-
herent truths within a system itself, Heisenberg’s prin-
ciple focuses on measurement precision at the quantum
level. This latter concept raises questions about the na-
ture of reality at the quantum scale, such as whether
wave-particle duality is an adaptation to a universe with
changing physical laws. These intriguing possibilities
prompt a re-examination of the fundamental underpin-
nings of our understanding of reality, particularly the mi-
croscopic world. However, it’s crucial to emphasize that
these explanations remain hypothetical and require fur-
ther investigation. This is especially true given the un-
known nature of the proposed ”external force” and the
applicability of multiscale thermodynamics at the quan-
tum level. Consequently, the prospect of constant or
evolving physical laws remains uncertain, necessitating
further research. Despite these uncertainties, this per-
spective offers new avenues for exploring the evolution of
our universe and its potential connection to others.

A final analysis pertains to emergent systems, which
have gained prominence within the context of critical
realism (e.g., Ref. [89]). This is largely due to the
challenges of reducing complex phenomena, such as con-
sciousness, to the mere sum of the atoms constituting the
human brain (e.g., Ref. [90]). In this vein, multi-scale
thermodynamics can also describe emergent behaviors.
However, it requires external energy to produce them.
That is, the structure of these systems arises and persists
through interaction with the environment rather than as
a mechanism spontaneously seeking self-sufficiency in iso-
lation. Here, external energy acts as a catalyst or contex-
tual factor that modulates and conditions the system’s
behavior. Considering external elements to explain a
system’s behavior implies the impossibility of reducing
a complex system to the mere sum of its parts, as, by
definition, something external to the system is not part
of the system. The logic of this result supports more so-
cial aspects of critical realism, such as the notion that
scientific activity is situated within a social context that
cannot be ignored [91]. In other words, scientific knowl-
edge emerges (as an organization) from a social context
in which scientists operate. It therefore arises from ex-
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ternal influences on science.
It is important to note that emergent behaviors may

have causes, be they energy or interaction forces, that
are inaccessible due to a constantly changing universe.
This is relevant because there could be behaviors, such
as consciousness, that cannot be explained by the present
energetic or interactional conditions, as these were con-
figured in the past. This concept supports the idea that
consciousness may not be solely an emergent property,
given the existence of non-local neural connections [92],
which could imply a temporal component to conscious-
ness.

Given that a universe with changing forces and interac-
tions generates uncertainty, it could be argued that there
is no way to fully understand certain emergent systems.
In the specific case of consciousness, its ever-shifting na-
ture would make it impossible to comprehend how matter
becomes sentient matter. This is most evident in Figure
7c, where the present consciousness, treated as an emer-
gent system ξ2, cannot be related to a past consciousness
ξ1. As it depends on external energy E2, which is un-
known, consciousness cannot describe itself, leaving it in
a plane of knowledge that is completely inaccessible.

C. Euclidean vs non-Euclidean universes

Euclidean universes, predicated on Euclid’s postulates,
are characterized by a ”flat” and predictable geometry.
Within these universes, parallel lines never intersect, the
sum of a triangle’s interior angles invariably equals 180
degrees, and distances are measured using straightfor-
ward metrics. Physical laws and fundamental constants,
such as π and the speed of light, remain invariant across
both time and space. This stability allows for a compre-
hensive and deterministic description of the universe: in
principle, given a system’s initial conditions, its future
evolution can be predicted with precision. This deter-
minism implies that the universe is entirely knowable, at
least theoretically, as the governing laws are fixed and
accessible to human understanding.

In contrast, non-Euclidean universes exhibit a more
complex and dynamic geometry. Moreover, within the
context presented in this work, these universes are char-
acterized by physical constants and laws that evolve over
time, introducing a fundamental uncertainty into the de-
scription of phenomena. This uncertainty manifests, in a
certain respect, analogously to Heisenberg’s uncertainty
principle (or Gödel’s incompleteness theorems), where
the precision in measuring certain variables is inherently
limited. Furthermore, the principium luxuriae—a multi-
scale response or dissipation to external influence—may
operate within these universes. This energy dissipation
across multiple scales can lead to the emergence of com-
plex behaviors and mutable laws, justifying the assertion
that these systems are more than the mere sum of their
parts, arising instead from the interactions between these
scales.

Notably, certain characteristics attributed to non-
Euclidean universes, such as uncertainty and the appli-
cation of the principium luxuriae to diverse systems, are
also observed in our own universe, which can be con-
sidered Euclidean at human scales. This suggests that
the boundaries between these two types of universes
may be blurred, implying a possible coexistence of re-
gions with predominantly Euclidean characteristics (with
immutable laws and constants) and others with non-
Euclidean characteristics (with variable laws and con-
stants) within a single encompassing universe, thus cre-
ating a cosmos of even greater complexity.

VI. CONCLUSIONS

The main conclusions of this work are listed below:

• Considering the Fibonacci sequence as a distribu-
tion allows it to be linked to the thermodynamic
fractal dimension of the universe. In this sense, it
is found that the D of the universe is similar to that
obtained when the value of φ is used.

• Since the value of D of the universe is estimated to
decrease over time, it can be thought that φ is not
constant, but also decreases over time.

• Since there are direct relationships between φ and
π, it can be considered that π increases as the uni-
verse evolves. This means that π would not be con-
stant in the long term for non-Euclidean spaces.

• If π were not constant in a non-Euclidean universe,
it would mean that some physical constants would
change, such as the magnetic permeability of vac-
uum, the permittivity of vacuum, the speed of light,
Einstein’s gravitational constant, or the fine struc-
ture constant. This is just a hypothetical academic
scenario as there is no evidence for this. The fol-
lowing conclusions are based on this idea as a spec-
ulative exercise: non-Euclidean universe.

• A change in the magnetic permeability of vacuum
could imply that space is not homogeneous, as there
would be an increasing number of regions of space
with higher magnetic permeability as the universe
evolves.

• The change in π and φ could indicate that the
expansion of the universe is anisotropic, as there
would be preferred directions of expansion that
could change the geometric ratios described by π
and φ.

• These changes would be in line with the geometric
view of the Principium Luxuriæ, as they indicate
that the universe is tending towards a lower ther-
modynamic fractal dimension. This implies that
the structures within the universe are beginning to
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fill less space (compact). This would manifest itself
as an increase in electromagnetic and gravitational
forces as the universe advances in time.

• It has been suggested that the evolving universe’s
constants, which affect the forces, can generate life
in a transient manner, which eliminates the need
for a fine-tuned universe.

• The existence of D requires an external force or
energy source. This suggests that electromagnetic
and gravitational forces could be thermodynamic
manifestations of a universe trying to release ex-
cess energy. External energy sources could be other
universes. If this is the case, these other uni-
verses should also have evolving forces and con-
stants, weakening the anthropic principle.

• Since electromagnetic forces vary, the generation of
complex molecules, and thus life, could be a conse-
quence of excess energy released due to the presence
of other universes. Life itself could be a dissipative
process.

• If the laws governing reality are constantly evolv-
ing, there may be aspects of the universe that will
forever remain beyond our grasp, perpetually ob-
scured by the ever-changing nature of existence it-
self. Thus, supporting the fundamental aspect of
critical realism.

• Emergent behaviors in multiscale thermodynamics
align with the tenets of critical realism, suggesting
the interplay of multiple scales or planes of reality.

• As emergent systems necessitate external energy, it
can be inferred that emergence cannot be fully de-
scribed by the system’s internal components alone,
but always requires an external contribution.

• Given the dynamic nature of universal laws, it
is impossible to attain complete knowledge of
an emergent system due to inherent uncertainty.
If consciousness is considered an emergent phe-
nomenon, it becomes evident that consciousness
cannot be studied from a self-referential perspec-
tive.

• Principium Luxuriæ, changing physical laws, and
an indeterminate present seem to be hallmarks of
a non-Euclidean universe.

• Universes may conceivably exhibit a heterogeneous
structure, comprising both Euclidean and non-
Euclidean domains, characterized by regions ex-
hibiting mutable physical laws alongside those ex-
hibiting immutable physical laws.

Finally, it can be concluded that considering the mul-
tiscale perspective in the value of some fundamental con-
stants of nature allows us to consider them as values that

change as the universe evolves. This means that the anal-
yses and conclusions of this work are only valid for uni-
verses with non-Euclidean geometries. However, it is im-
portant to emphasize that there is no evidence that these
constants change in the long term, so the consequences
of this work, although interesting, should be considered
as a hypothetical or purely speculative theoretical devel-
opment.
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Appendix A: Golden ratio, Fractal dimension

The Fibonacci sequence, originally used to model rab-
bit populations [93, 94], is defined as follows:

yn = 1, 1, 2, 3, 5, 8, 13, 21, ... (A1)

The sequence is defined recursively. Figure 1a visualizes
its geometric progression as a spiral. Figure 1b demon-
strates sequence growth. A logarithmic transformation
in Figure 1c linearizes the sequence, enabling a compact
log-log plot. This is achieved by:

n = − log r ⇔ r = 10−n (A2)

Figure 1d illustrates a power-law relationship, yn =
a0r

αD , between variables. Applying the variable change
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from Equation A2 to the Fibonacci sequence yields an
expression in terms of a0, αD, and n:

yn = a010
−αDn (A3)

The Fibonacci number can be expressed in terms of the
exponent αD using the golden ratio φ, as defined by
Equation A3 and explored by Ref. [94–98] as:

φ = lim
n→∞

yn+1

yn
= 10−αD (A4)

Refs. [25, 38] link power-law exponent αD to fractal
dimension D as αD = DE − D–1, where DE is the Eu-
clidean dimension. Applying this to Equation A4 yields:

D = (DE − 1) + log10 φ (A5)

For Euclidean dimensions 2 and 3, the fractal dimension
D approximates:

D ≈ 1.2090 & D ≈ 2.2090 (A6)

respectively, considering the golden ratio (∼ 1.6180).
Applying the base change log10 φ = lnφ/ ln 10 and
the thermodynamic fractal dimension definition D =
−kV ln(ω0dS/dS0) with ω0 = e(1−DE)/kV and kV a scale-
relating constant, yields:

lnφ = k0 − k′V lnω0
dS

dS0
(A7)

where k′V = kV ln 10, k0 = (1 − DE) ln 10. Rearranging

k0 =
−k′

V

−k′
V
ln ek0 yields:

lnφ = −k′V ln e
− k0

kV − k′V lnω0
dS

dS0
(A8)

Equivalently:

lnφ = −k′V lnω′
0

dS

dS0
(A9)

Where ω′
0 = ω0e

− k0
kV . Equation A5 links φ toD, allowing

Equation A9 to relate φ to dS and dS0 as:

φ = Ω0

(
dS

dS0

)k′
V

(A10)

Where Ω0 = ω
′−k′

V
0 .

Appendix B: Fractal dimension and other constants

The correlation between D and φ hints at potential
links to other fundamental constants. For instance, Ref
[99] suggests expressing π via φ as:

sin
( π

10

)
=

1

2φ
(B1)

Or equivalently:

π = 10 arcsin

(
1

2φ

)
(B2)

Two fundamental constants depend on π: The gravita-
tional constant, GE in the framework of general relativity
[100] is:

GE =
8πG0

c4
(B3)

where G0 is the Newtonian gravitational constant. The
second one is the fine-structure constant α [101]:

α =
e2

2ε0hc
(B4)

Where h is the Planck constant and e is the elementary
charge, with values of ∼ 6.6 × 10−34 J × Hz−1 and ∼
1.6× 10−19 C, respectively.
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