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Abstract. I would like to consider the Universe according to the standard Big Bang
model, including various quantum models of its origin. In addition, using the theory
of nonlinear dynamics, deterministic chaos, fractals, and multifractals I have pro-
posed a new hypothesis, Ref. [12]. Namely, I have argued that a simple but possibly
nonlinear law is important for the creation of the Cosmos at the extremely small
Planck scale at which space and time originated. It is shown that by looking for or-
der and harmony in the complex real world these modern studies give new insight into
the most important philosophical issues beyond classical ontological principles, e.g.,
by providing a deeper understanding of the age-old philosophical dilemma (Leibniz,
1714): why does something exist instead of nothing? We also argue that this exciting
question is a philosophical basis of matters that influence the meaning of human life
in the vast Universe.
Keywords: Chaos, Cosmos, Universe, Creation.

Chaos is the score on which reality is written.

Henry Miller (1891–1980)

1 Introduction

In science the evolution the Universe is based on the Big Bang model, which
has now become a standard scenario. However, very little is known about the
early stages of this evolution, where we should rely on some models, because the
required quantum gravity theory is still missing. On the other hand, creation
of the Universe is usually an important issue of philosophy. Hence, one should
return to great philosophers starting from the Greeks asking the questions
about the origin of existence of the world [7], including

• Plato’s creation: a Demiurg transformed an initial chaotic stuff
into the ordered Cosmos.
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• Aristotle’s universe is eternal : the world always existed,
but needed the possibly atemporal Prime Mover or the First Cause.

In this paper, we would like to consider the origin of the Universe in view
of the modern science, including quantum models of creation, and the recent
theory of nonlinear dynamics, deterministic chaos, and fractals, see Ref. [12].
We hope that these modern studies give also new insight into the most im-
portant philosophical issues exceeding the classical ontological principles, e.g.,
providing a deeper understanding of the age-old philosophical question:

Why does something exist instead of nothing?

Gottfried Wilhelm von Leibniz (1646–1716)

2 The Universe in Modern Science

Here we discuss the Standard Model of the Evolution of the Universe based on
the Standard Model of Forces together with selected models of the creation of
the world based on quantum theory and modern mathematics [12, ch. 2].

A veritable revolution in understanding of the evolution of the Universe
was achieved only a century ago owing to the foundation of general relativity
by Albert Einstein in 1916. This theory is based on the principle of relativity
insisting that physical laws should be independent of the observer, even in the
case of a noninertial frame of references (i.e., moving with acceleration).

2.1 The Geometry of Spacetime

According to general relativity, gravitation is revealed by the curvature of lo-
cal spacetime, as schematically shown in Figure 1. Instead of the flat four-
dimensional Minkowski spacetime we should involve a non-Euclidean spacetime
with positive (elliptic type) or negative (hyperbolic) curvatures, respectively,
as formulated by Georg F. B. Riemann (1826–1866). Minkowski geometry (cor-
responding to four-dimensional Euclidean pseudo-space) is only a special case
of Riemannian geometry. General theory of relativity can well be applied even
in the case of strong gravitational fields. Therefore, one should conclude that
spacetime and matter cannot be independent. We may briefly state that mass
(energy) tells spacetime geometry about its curvature, but curved spacetime
tells the mass how to move.

2.2 Gravitational Waves

Since the formulation of the theory of general relativity, it was expected that
strong gravitational waves which are actually distortions of spacetime, can arise
during the merger of two massive black holes. Figure 2 shows computer simula-
tions of a possible generation mechanism of gravitational waves in the vicinity
of black holes. On the one-hundredth anniversary of this theory, we can now
confirm its important implications. In fact, the measurements of experimental



Fig. 1. Gravitation and geometry.

Fig. 2. The generation of gravitational waves (LIGO).

signals by two independent detectors of the Laser Interferometer Gravitational-
Wave Observatory (LIGO) in Hanford and Livingston (separated by ∼3000 km)
are consistent with observations of a gravitational-wave strain, which is of the
order of the amplitude of a gravity wave, with a relative amplitude of ∼10−21)
[1]. For the first time this proves that the international experiment LIGO di-
rectly detected gravitational waves originating several billions years ago from
the merging of two black holes (of masses about 30 times larger than the mass of
the Sun) in the rotating binary system GW150914. Therefore, a large fraction
of energy (∼5%, corresponding to three solar masses) has been released in this
process in form of gravitational waves. In 2017 the Nobel Prize in Physics was
awarded to the American experimental and theoretical physicists Rainer Weiss,
Kip Thorne, and Barry Barish for their role in the detection of gravitational
waves.



2.3 The Big Bang Model

Fig. 3. Schematic of the evolution of the Universe, credit: NASA / WMAP Science
Team.

According to the Big Bang model, the Universe expanded from an extremely
dense and hot state and continues to expand today. It is worth noting that
space itself is expanding, carrying galaxies with it. A representation of the Uni-
verse’s evolution is schematically shown in Figure 3, based on the best available
measurements of the Wilkinson Microwave Anisotropy Probe (WMAP) oper-
ating from 2001 to 2010. The far left depicts the earliest moment we can now
probe: size is depicted by the vertical extent of the grid in this graphic. The
original state of the Universe began around 13.8 billion years ago, when the Big
Bang occurred. This was possibly followed by ‘inflation’, producing a burst of
exponential growth in the size of the Universe. The first microsecond, consist-
ing of electroweak, quark, and hadron epochs, together with the lepton epoch
(until 3 minutes of its existence) was decisive for further evolution, leading to
the nucleosynthesis of helium from hydrogen. Only after 70 thousand years was
light separated from matter. The afterglow light seen by WMAP was emitted
about 400 thousand years after the beginning (when the electrons and nucleons
were combined into atoms, mainly hydrogen) and has traversed the Universe
largely unimpeded since then. The conditions of earlier times are imprinted on
this light; it also forms a backlight for later developments of the Universe. The
first stars appeared about 400 million years later.

Also the Planck mission launched in 2009 (deactivated in 2013) has become
the most important source of information about the early Universe by providing



unique data at microwave and infra-red frequencies with high sensitivity and
small angular resolution. The Planck data suggest that the Dark Ages (before
the first star appeared) ended somewhat later, i.e, 550 million years after the
Big Bang. This mission has also provided a new catalog of more than 1500
clusters of galaxies observed in the Universe. More than 400 of these galaxy
clusters have large masses ranging between 100 to 1000 times that of our Milky
Way galaxy.

After the formation of galaxies, and finally, our solar system, about 4.5
billion years ago, for the next several billion years the expansion of the Universe
gradually slowed down as the matter in the Universe pulled on itself by gravity.
One can ask whether the present expansion will continue forever or if it might
eventually stop, thereby allowing a subsequent contraction. Even though we
cannot give a definitive answer to this question, recently it has appeared that
the expansion has begun to speed up again, as the repulsive effects of mysterious
dark energy have come to dominate the expansion of the Universe. The Planck
data also support the idea of dark energy acting against gravity. At present
this accounts for about 70% of the entire mass of the Universe, and it will
presumably increase in the future.

2.4 The Birth and Evolution of the Universe

Fig. 4. The Grand Unification Theory (GUT) for the Universe.

The role of the elementary interactions during the evolution1 is depicted
in Figure 4. One can see that the splitting of one force after the Big Bang

1 From http://web.williams.edu/Astronomy/Course-Pages/330/images/forces.jpg.



into the four kinds of forces that we know today, after 1.38× 1010 years of the
evolution, happened in a very tiny fraction of the first second. Strong forces
should be limited only to the scales (nucleon size of ∼10−15 m) in the micro-
world, while general relativity models long-range gravitational interactions on
very large scales of up to the size (∼1027 m) of the observed Universe. It is
interesting that timescales are from 10−24 s in atomic nuclei to nearly 1018 s
of the experimentally confirmed age of the Universe. This means a range of
42 orders of magnitude is the same as for spacescales; the masses span the
range of about 83 orders of magnitude, between 10−30 kg for the electron mass
and about 1053 kg for the of mass of the whole world (∼1080 baryons, mainly
nucleons: protons and neutrons with mass of ∼10−27 kg); this range is roughly
twice as large as the time or space scale range.

Because the Universe has already expanded to that extremely huge size,
gravitational forces (basically about 40 orders of magnitude weaker than strong
nuclear forces) dominate the evolution of the Universe at present. However, at
early stages of its evolution both forces resulted from an unknown simple law
and could have been of a similar strength. The other long-range electromagnetic
interactions between charged particles have already been unified with the short-
range weak interactions responsible for the decay of nuclei (electroweak forces).
Of course, the Grand Unification Theory (GUT) in Figure 4 describing the
unknown primordial force responsible for the creation of the Universe at a
Planck scale of 10−43 s will facilitate a better understanding of the physical
processes at very early stages of the history of our world.

2.5 Quantum Models for the Creation of the Universe

Using the three available universal physical constants — namely the gravita-
tional constant G, the speed of light c, and the Planck constant h, we can
construct a quantity called a Planck length lP =

√
G}/c3, where } = h/(2π).

Another quantity lP/c is the respective Planck time scale, tP. Because we do
not have a quantum theory of gravitation quantum gravity a number of models
for the creation creation of the Universe with the following characteristics have
been proposed, including:

• The quantum model [2]
creation from ‘nothing’, ex nihilo

• Noncommutative geometry [4]
beginning is everywhere

• String theory, M-theory [30]
collision of branes

• Cyclic (ekpyrotic) model [26,27]
big bangs and crunches

• Eternal chaotic inflation [5]
bubble of universes

The concept of the quantum wave function of the primordial Universe was
put forward in Ref. [2]. This point of view was illustrated in a simple mini-
superspace model with an invariant scalar field as the only gravitational degree



of freedom. The authors of this model focus on the ground state with minimum
excitation of an initial Universe on extremely small scales. Providing that
the time is changed to imaginary values it, spacetime with a four-dimensional
geometry becomes positive-defined. This allows us to obtain the path integral
of the respective Euclidean action. In this way, the authors obtained finite
nonzero probabilities of propagating from the ground (vacuum) state to the
spectrum of possible excited states.

It is worth noting that below the Planck threshold lP = 1.6 × 10−35 m
∼ 10−35 m and tP = 5.4×10−44 s∼ 10−43 s, in space and time, respectively, any
time could be formally eliminated in the quantum model. In this scenario the
Universe interpreted without any boundary conditions [2]. Moreover, because
one can obtain the excited state from the vacuum state, they argue for the
creation out of nothing, even ex nihilo. However, one should bear in mind that
a quantum vacuum state is not actually ‘nothingness’ — indeed it could be
interpreted as a ‘sea’ of various possibilities [3].

An alternative interesting solution for the origin of spacetime on extremely
small scales has been proposed in Ref. [4], where it was suggested that these
critical values would correspond to a phase transition from a smooth commu-
tative geometry to a rather singular noncommutative régime, with no space
points and no time instances. Hence, noncommutative algebra is the other
quantum gravity counterpart of the observable in the standard quantum the-
ory, which can help in the application of quantization methods to the origin
of the primordial Universe. Therefore, as one can paradoxically put it: the
beginning is everywhere.

Following the M theory [30], in the context of an initial universe resulting
from a collision of branes, Another interesting non-standard cosmological sce-
nario has been proposed in Ref. [26,27]. According to their proposed model,
the Universe undergoes a sequence of cosmic epochs each of which begins with
a created world with a standard big bang event, followed by a slowly accel-
erating expansion with radiation and matter domination periods, but ends by
contraction with a crunch. This model is called ekpyrotic, because in ancient
Greece’s Stoic philosophy ecpirosi means ‘escape from fire’. This endless cycle
of big bangs and crunches would avoid any particular singularity, but is able
to explain the approximate homogeneity of distribution of mass, instead of a
hypothetical inflation following the Planck epoch. It is worth noting that the
model produces the recently observed flatness of spacetime geometry, provid-
ing the energy needed to restore the Universe from the same vacuum state in
the next cycle. These authors also assure us that, owing to acceleration, this
continuously repeating cyclic solution is an attractor [27].

Taking the wave function of the Universe [2], it can be shown that the large
scale fluctuations of the quantum scalar field can generate an infinite process
of self-reproducing primordial mini-universes. Therefore, one can suggest an
eternally existing chaotic inflationary scenario, describing the Universe as a self-
generating fractal that springs up from the multiverse [5]. Because it seems
improbable that only one such Universe is chosen in reality by compactification
during the expansion, it is argued that there exists a bubble of all possible
universes that is always growing until a new universe is created by chaotic



inflation in the bubble [5]. Therefore, there should exist an exponentially large
number of causally disconnected mini-universes corresponding to all possible
vacuum states followed by inflations. Admittedly, in the last two models time
is eternal, but it is difficult to verify these models according to the criterion of
falsifiability required for any scientific theory of Popper [24].

3 Nonlinear Dynamics and Fractals

In the second part of this paper we focus on nonlinear chaotic dynamics and
fractals in a search for implications of an unknown nonlinear law related to a
hidden order responsible for the creation of the Cosmos at the Planck epoch,
see [12, ch. 3].

3.1 Deterministic Chaos

CHAOS (χάoς) according to Ref. [29] is (see the excellent popular book by
Stewart [28]):

• non-periodic long-term behavior

• in a deterministic system

• that exhibits sensitivity to initial conditions.

More precisely, we say that a bounded solution x(t) of a given dynamical
system, ẋ = F(x), is sensitive to initial conditions if there is a finite fixed
distance d > 0 such that for any neighborhood ‖∆x(0)‖ < δ, where δ > 0, there
exists (at least some) other solutions x(t) + ∆x(t) for which for some time t ≥ 0
we have ‖∆x(t)‖ ≥ d. This means that there is a fixed distance d such that,
no matter how precisely one specifies an initial state, there exists a solution
of a dynamical system starting from a nearby state (at least one) that gets a
distance d away.

Given x(t) = {x1(t), . . . , xN (t)}, any positive finite value of Lyapunov ex-
ponents (or equivalently metric entropy)

λk = lim
t→∞

1

t
ln
∣∣∣∆xk(t)

∆xk(0)

∣∣∣, (1)

where k = 1, . . . N , implies chaos.

One example comes from the dynamics of irregular flow in viscous fluids,
which is still not sufficiently well understood. It appears that the behavior of
such systems can be rather complex: from equilibrium or regular (periodic)
motion, through intermittency (where irregular and regular motions are inter-
twined) to nonperiodic behavior. Two types of such nonperiodic flows are
possible, namely chaotic and hyperchaotic motions. As discovered by Lorenz
(1963) deterministic chaos exhibits sensitivity to initial conditions leading to
the unpredictability of the long-term behavior of the system (the ‘butterfly
effect’) [6].



3.2 Hyperchaos

Hyperchaos is a more complex nonperiodic flow, which was discovered by Macek
and Strumik (2010) [15] in the generalized Lorenz system previously proposed
in Ref. [14]. Mathematical and physical aspects of this new low-dimensional
model of hydromagnetic convection together with the detailed derivation from
the basic partial differential equations, including the magnetic diffusion equa-
tions and naturally the anisotropic tension of the magnetic field lines, has been
addressed in detail in Ref. [11].

Within the theory of dynamical systems transitions from fixed points to
periodic or nonperiodic flows often occur in a given system through bifurca-
tions, intermittency, resulting in a turbulent irregular behavior of the nonlinear
system. In fact, we have identified type I and III intermittency [23] in the gen-
eralized Lorenz model of hydromagnetic convection, as also discussed in the
papers [14,15,10]. It would be interesting to look for the remaining basic type
II intermittency and the respective Hopf bifurcation in this model.

The following ordinary differential equations are obtained in the generalized
Lorenz system [14]:

Ẋ = −σX + σY − ω0W

Ẏ = −XZ + rX − Y
Ż = XY − bZ
Ẇ = ω0X − σmW.

 (2)

In this simplified system, X(t) denotes a time amplitude of the potential of
the velocity of a viscous horizontal fluid layer in the vertical gravitational field
heated from below, with the normalized (dimensionless) Rayleigh number r,
proportional to an initial temperature gradient δT0, which is a control parame-
ter of the system. Similarly, Y (t) and Z(t) correspond to the two lowest-order
amplitudes of the deviation from the linear temperature profile of the layer (of
height h) during the convection. The other parameter σ = ν/κ is the ratio
of the kinematic viscosity ν to thermal conductivity κ (the Prandtl number)
characterizing the fluid and b = 4/(1 + a2) is a geometric factor related to the
aspect ratio a of the convected cells.

Admittedly, Lorenz (1963) only took three of several coefficients appearing
in the lowest-order of the bispectral Fourier expansion, cf. [25]. In addition to
the standard Lorenz system [6], a new time dependent variable W in Equa-
tions (2) describes the profile of the magnetic field induced in the convected
magnetized fluid. We have also introduced the second control parameter pro-
portional to an initial horizontal magnetic field strength B0 applied to the sys-
tem, more precisely defined here as a basic dimensionless magnetic frequency
ω0 = υA0/υ0, which is the ratio of the Alfvén velocity υA0 = B0/(µ0ρ)1/2, with
a constant magnetic permeability µ0 and mass density ρ, to a characteristic
speed υ0 = 4πκ/(abh). Naturally, besides σ = ν/κ, the magnetized viscous
fluid is characterized by an analogue parameter σm = η/κ, defined as the ra-
tio of the magnetic resistivity η to the thermal conductivity κ (related to the
magnetic Prandtl number, Prm = σ/σm).

The results of the more recent paper illustrate how all these complex mo-
tions can be studied by analyzing this simple model [15, Fig. 1]. For example,



Fig. 5. Color-coded dependence of the long-term asymptotic solutions of the gener-
alized Lorenz system on the control parameters ω0 and r parameters (for σm = 3).
Equilibria (fixed points) (with a negative largest Lyapunov exponent, λ1 < 0) are
shown in black, periodic solutions (λ1 = 0) – in violet/blue, and (nonperiodic) chaotic
solutions (λ1 > 0) – in a color, on the color bar scale, from violet to yellow. Fine
structures are shown in the inset, as taken from (Macek and Strumik, 2014).

for a chosen value of σm = 3 (other parameters have the same values as for the
classical Lorenz model, σ = 10, b = 8/3), Figure 5 plots the largest Lyapunov
exponent, calculated according to Equation (1), depending on the control pa-
rameters ω0 and r. Convergence of the asymptotic solutions of Equations (2)
to equilibria described by fixed points (λ1 < 0) is shown in black, to periodic
(limit cycles) solutions (λ1 = 0) – in violet/blue color (see the color bar for
λ1 = 0), to chaotic (nonperiodic) solutions (λ1 > 0) – in a color, consistently
with the color bar scale, from violet/blue to yellow. For the panel an enlarge-
ment of the region bounded by black lines is shown in the right-bottom part of
plots. Fine structures are shown in the inset. This proves that various kinds
of complex behavior are closely neighbored in the space of control parameters
ω0 and r.

Convection appears naturally in plasmas, where electrically charged parti-
cles interact with the magnetic field. Therefore, the obtained results could be
important for explaining dynamical processes in solar sunspots, planetary and
stellar fluid interiors, and possibly for plasmas in nuclear fusion devices. Gen-
erally speaking, nonlinear differential equations or iterated discrete maps are



useful models of some phenomena appearing naturally in the contexts in bio-
logy (e.g., animal population), economics, including finance theory, e.g., [22],
and social sciences.

4 Fractals and Multifractals

Let us now move on to a basic concept of a fractal coined from the Latin
adjective fractus and the corresponding verb frangere, which means ‘to break
into irregular fragments’, see p. 4 of Ref. [20]; Mandelbrot (1982) always argued
that fractal geometry is important for understanding the structure of nature
describing, for example clouds, mountains, and coastlines, e.g. p. 1 of Ref. [20].
We can say that a fractal is a rough or fragmented geometrical object that can
be subdivided in parts, each of which is (at least approximately) a reduced-size
copy of the whole. Fractals are generally self-similar and independent of scale,
described by a fractal dimension.

Namely, fractal structure is obtained recursively using a simple rule. The
initial stages of the construction of two typical fractals in one-dimensional and
two-dimensional space are schematically illustrated in Figure 6 for a middle
Cantor (a) and a Koch triangle (b) sets, respectively, which are also discussed
in many textbooks, e.g. [29,21]. First, as proposed by the German mathe-
matician Georg Cantor in 1883, let us take a unit closed interval on a one-
dimensional line and remove its open middle third, but necessarily leaving the
endpoints behind. Second, we remove the open middle thirds of both closed
smaller intervals, and in each of the following k-th step this produces 2k closed
(more and more narrower) intervals of length (2/3)k, where k = 1, . . . , n. Now
imagine that the repetitions never end, one obtains the limiting set that con-
sists of the intersection of all such closed intervals. Provided that n→∞, the
resulting set has structure at arbitrarily small scales; the remaining elements
during the construction are separated by various gaps. Surprisingly enough,
two paradoxically opposite topological properties of the Cantor set (called also
a dust) can be reconciled: the set itself is totally disconnected (without any
closed intervals), but arbitrarily close to each elements one can always find
another neighboring element (there are no isolated points).

Further, it is worth noting that each element of this set is specified by its
location at successive steps, in the left (denoted by zero) or right (marked by
one) fragment. One now sees that elements of the Cantor set are equivalent
to various infinite sequences of zeros and ones, and can be put into one-to-one
correspondence with the elements of the entire initial interval (in binary repre-
sentation). Because common sense has some difficulty in comparing countable
with uncountable infinity, this is somewhat strange that the Cantor set is un-
countable, notwithstanding its total length equal to zero (the length of all the
removed parts is equal one). Mainly because of this paradox, such sets are
commonly called strange fractals, even though one can also construct fractals
with length or in general volume (strictly a Lebesgue measure) different than
zero. Similar fractal sets with zero Lebesgue measures constructed starting
from a triangle or a full square on a two-dimensional plane were proposed by
the Polish mathematician Wac law Sierpiński (1882–1969) in 1916.



Fig. 6. Self-similar fractals of the Cantor (a) and Koch (b) sets.

Figure 6 (b) shows another interesting snowflake curve obtained on a plane
by adding onto sides of an initial equilateral triangle additional triangles that
are three times smaller, after removing as before open middle thirds of any
side. Blowing up this van Koch curve by a factor of three results in its length
four times as large, and hence the length of perimeter of the triadic Koch
island increases and becomes ultimately infinite, despite the fact that the area
of course remains finite. Surprisingly, the arc length between any two elements
of such a Koch set is also infinite. Therefore, because every element of this set
is located infinitely far from any other element, the length cannot be used to
identify the elements of such a strange fractal.



Mandelbrot (1982) noted that a fractal (Hausdorff) dimension2 , which plays
a central roles in case of fractal sets, exceeds the topological dimension, DT [20].
Anyway, the concept of dimension should be modified as compared with a stan-
dard topological dimension useful in the Euclidean linear geometry. However,
a somewhat different definition of a fractal set is generally accepted. The ca-
pacity dimension DF, which takes into account how many elements (cubes) of
size l in phase space is needed to cover the set, is defined by

DF = lim
l→0

lnN(l)

ln 1/l
. (3)

This means that fractal dimension is calculated by taking the limit of the
quotient of the logarithm change in object size and the logarithm in scale as
the limiting scale approaches zero. For example, the fractal dimensions of the
Cantor and the Koch sets are DF = ln 2/ ln 3 ≈ 0.63 (this means DF > 0)
and DF = ln 4/ ln 3 ≈ 1.26 (> 1) i.e., greater than the respective topological
dimensions, DT = 0 and 1. As is known, the later non-integer dimension
describes sufficiently well the length of the rocky western coast of Great Britain
as a function of diminishing scale size; in reality the lowest scale is admittedly
limited.

4.1 Multifractal Models for Turbulence

A deviation from a strict self-similarity is also called intermittency, and
that is why a generalized two-scale weighted Cantor set has been applied for
modeling intermittent turbulence in fluids [8,9].

In fact, this complex process can be described by the generalized weighted
Cantor set, as illustrated in Figure 7 taken from Ref. [8]. In the first step of the
two-scale model construction, we have two eddies of sizes l1 and l2 satisfying
p1/l1 + p2/l2 = 1. Therefore, the initial energy flux ε0 is transferred to these
eddies with the different proportions: ε0p1/l1 and ε0p2/l2. In the next step the
kinetic or magnetic energy flux is divided between four eddies in the following
way: ε0(p1/l1)2, ε0p1p2/(l1 l2), ε0p2p1/(l2l1), and ε0(p2/l2)2. At nth step we
have N = 2n eddies and partition of energy ε can be described by the binomial
formula, e.g., [9]:

ε =

N∑
i=1

εi = ε0

n∑
k=0

(
n

k

)(
p1
l1

)(n−k)(
p2
l2

)k
. (4)

For any real number −∞ < q < +∞, one obtains the generalized dimen-
sion defined by Dq = τ(q)/(q − 1) by solving numerically the transcendental
equation, e.g., [21],

pq1

l
τ(q)
1

+
pq2

l
τ(q)
2

= 1, (5)

2 Strictly speaking, the Hausdorff dimension is more involved that a usual fractal
capacity dimension. The boxes needed to cover a set may vary in sizes and one needs
to take a supremum of the cover of the set.



Fig. 7. The generalized two-scale weighted Cantor set model for turbulence.

which is only somewhat more general than the analytical solution. In parti-
cular, for the one-scale multifractal model with l1 = l2 = λ, we have Dq =
− ln(pq1 + pq2)/ lnλ, and a special case for λ = 1/2 is called P-model, as classi-
fied on the right side of Figure 7. We see that only for equal scales together
with equal weights (p1 = p2 = 1/2) there is no multifractality, and we have a
monofractal with a fractal dimension given by Equation (3).

5 Implications for Cosmology and the Creation of the
Universe

This method was extensively used in various situations in solar wind magne-
tized plasmas based on space missions penetrating various regions of the solar
system, see Refs [9,13,16,17]. In this way, based on a wealth of data acquired
from Helios in the inner heliosphere and especially from deep space Voyager 1
and 2 spacecraft in the outer heliosphere, we have shown that turbulence is in-
termittent in the entire heliospheric system, even at the heliospheric boundaries
[19]. However, it appears that the heliosphere is immersed in a relatively quiet
very local interstellar medium. Therefore, after crossing the heliopause (on 25
August 2012), which is the ultimate boundary separating the heliospheric and
interstellar plasmas, Voyager 1 only detected smoothly varying magnetic fields.
As expected this change in the behavior of plasma parameters (with a frozen-in
magnetic field) was confirmed by the crossing of the heliopause by Voyager 2
in 2018.

Moreover, based on scientific experience, I have argued that a simple but
possibly nonlinear law [7], within the theory of chaos and (multi-)fractals,
can describe a hidden order for the creation of the Cosmos, at the Planck
epoch, when space (at a scale of 10−35 m) and time (10−43 s) originated, see
Ref. [12, p. 3.4].



6 Conclusions

To summarize, based on space, astrophysical, and even cosmological applica-
tions, one can say that

• Nonlinear systems exhibit complex phenomena, including bifurcation, in-
termittency, and chaos.

• Fractals can describe complex shapes in the real word.
• Strange chaotic attractors have fractal structure and are sensitive to initial

conditions.
• Within the complex dynamics of the fluctuating intermittent parameters

of turbulent media there is a detectable, hidden order described by a gen-
eralized Cantor set that exhibits a multifractal structure.
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