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In Search of Hidden Dimensions

The possible presence of further dimensions hidden
in our three-dimensional-plus time world might help to
elucidate countless physical and biological systems’ be-
haviors, from quantum entanglement to brain function.
Nevertheless, suggestions concerning multidimensional
arrangement of physical and biological systems do not
deserve the role of scientific claims, unless the suggest-
ed additional dimensions can be verified via empirically
testable hypotheses and experimental apparatus. Here
we suggest that the widespread nonlinear dynamics and
chaotic behavior of physical and biological collective
systems might mirror further dimensions hidden in our
world. Indeed, bringing together disparate knowledge
from seemingly unrelated fields (brane cosmology, fluid
dynamics, algebraic topology, computational topology,
dynamic systems theory, logic and statistical mechanics),
we show how, in logistic maps derived from nonlinear
dynamical equations, the typical bifurcation diagrams
might arise from linear flow paths, that intersect large-
sized hidden dimensions at the canonical phase param-
eter’s values between three and four. Therefore, chaotic
dynamics suggests the existence of a further hidden di-
mension in our Universe. We also provide a thermody-
namic framework which suggests that the cosmic entro-
py is encompassed in a multidimensional manifold.

Introduction

In brane cosmology, strings and branes theories are
based on the hypothetical existence of hidden dimensions
surrounding us [1-3]. Our Universe could either lie on a
spatial three-dimensional brane embedded in a higher

dimensional bulk, or could be flanked by one or more
multi-dimensional branes of different possible sizes and
shapes [4,5]. Nothing is known about the scale of such
extra dimensions. There is no consensus among theore-
ticians: some believe that extra-dimensions are warped
in microns-scale manifolds, while others suggest that
they could be of the size of millimeters, or hypothesize
an indeterminately high hidden dimension surrounding
us [6-8]. In order to assess the issue, we start from a re-
cently proposed topological model, which suggests that
two particles entangled in an n-dimensional space are
un-entangled, when assessed in one dimension higher
[9]. Because quantum entanglement occurs also between
particles light-years away from each other, this means
that, if their disentanglement occurs onto a further hid-
den dimension, the extra-dimensional manifolds must
be very large and must influence also our three-dimen-
sional-plus time (space-time) Universe. This observation
points towards elusive higher dimensions surrounding
us, able to intersect our space-time world and to interact
with it. Such invisible (e.g., hidden by our standpoint of
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observers embedded in a space-time structure), infinite
curvilinear dimension(s) crosses and/or is embedded in
the fabric of our world. In order to try to elucidate our
rather speculative claim, we look for hints of hidden di-
mensions in natural phenomena occurring in our space-
time world, starting from the premise that extra-dimen-
sions might be emergent also in our lower-dimensional
environment.

In particular, we evaluate the widespread complex,
nonlinear physical and biological collective systems,
equipped with non-equilibrium dynamics and charac-
terized by a large number of interacting and inter-depen-
dent components, spontaneous self-organization and
self-organized criticality [10-14]. Many physical and bio-
logical collective nonlinear systems operate at the edge of
chaos. A chaotic system displays dependence from initial
conditions, positive Lyapunov exponents and attractors.
They tend to live near a metastable state of second-phase
transitions, characterized by infinite correlation length,
countless functional dimensions [15], spontaneous ava-
lanches and universal power laws [16-18].

Here we show, based on claims from far-flung dis-
ciplines that the typical bifurcation diagram of logistic
maps’ nonlinear dynamical equations might arise from
the interaction of linear paths with large-sized hidden
dimensions intersecting them. We introduce a multidi-
mensional approach that offers an explanation of some
aspects of dynamic systems theory, in particular Hopf
bifurcations, in terms of hidden dimensions, and also
a method in order to evaluate the consequences of this
strategy. We also provide a framework able to solve a
long-standing issue. Indeed, the second law of thermo-
dynamics states that the thermodynamic entropy tends
to increase in a closed system, so that the process is irre-
versible. We asked: why is thermodynamic entropy fre-
quently unchanged, during nonlinear phase transitions?

In order to assess and operationalize our hypothe-
sis that hidden dimensions, endowed in our space-time
world, might give rise chaotic nonlinear dynamics, we
need to develop the proper procedures. In search for
hidden dimensions, we will proceed as follows: at first,
we will provide a brief description of logistic plots. Then,
we will describe four different approaches from far-flung
disciplines. We will try to demonstrate that they stand
for different clues converging towards our claim.

Premise: Chaotic bifurcations and logistic plots

As stated above, different physical and biological sys-
tems display nonlinear features. This form of dynamics is
frequently studied through logistic maps equipped with
bifurcations, which intervals are dictated by the Feigen-
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baum constants [19]. A logistic map is a one-dimension-
al nonlinear difference equation, widely used to study
dynamic systems theory’s issues [20]. It encompasses a
generic variable representing an observable behavior and
a fixed behavioral parameter (the phase parameter). Lo-
gistic maps can be plotted and visualized on a one-pa-
rameter bifurcation diagram, as a function of the scaled
parameter . Note that, at the edge of criticality, bifurca-
tions occur.

The first universal Feigenbaum constant stands for
the limiting ratio of each bifurcation interval to the next,
between every period doubling [21]. It is applicable to
one-parameter maps, where f(x) is a function parameter-
ized by the bifurcation parameter a:

xi+1 :f(‘xi)a

and also for other logistic maps, such as:

f(x) = ax(1-x),

and

f (x) =ax—x"

Therefore, every chaotic system, described by maps
with a single quadratic maximum, will bifurcate at the
same rate, i.e., the first Feigenbaum constant [22]. The
latter is a transcendental number, given by the limit [23]:

5= lim&1"%2 — 4669201609...

e an - an—l
Where a_stands for discrete values of the variable a at
the nth period doubling. Note that the ratio a, , —a, ,

converges to the first Feigenbaum constant. a —a

n n-1

The second Feigenbaum constant, i.e,
a=2.502907875095892822283902873218...,

is the ratio between the width of a tine and the width
of one of its two subtines (except the tine closest to the
fold). A negative sign is applied to a, when the ratio be-
tween the lower subtine and the tine width is measured.

The first approach: Detecting dimensions through
flows assessment

When you watch from afar a circular structure, you
may not be sure if it is a 2D disk or a 3D sphere, un-
less you go close and look for shadows or angles. There
is however an indirect procedure, in order to detect ob-
jects’ dimensions and shape. If you convey a laminar
flux towards its surface, you can assess fluxes’ trajecto-
ries ( ). Therefore, looking at flows’ behavior, you
may assess whether the circular structure displays two or
three dimensions. In other words, we are allowed to eval-
uate what happens to a water flow when we introduce a
solid object that, being an interposed obstacle, is able to
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Figure 1: How to detect objects’ dimensions and shape
through a laminar flux. The left side of the Figure displays
water flows in case of the object being a 2D disk, while
the right side 3D sphere. A water stream intersecting the
discoidal surface of an object allows us to understand
whether the object is two-dimensional (a disk) or three
dimensional (a sphere), in case we are not able to detect
such feature from afar. The pattern of the water falling on
the surface is different, according to the dimensionality of
the object. The upper figures depict the upper surfaces of
the 2D and 3D objects, respectively, while the lower figures
display their lateral view.

Y

Figure 2: Provides, as an example, geometrical arrangement
and main parameters of the problem of fluid flow and heat
transfer over a rotating disk in still air [45].

modify the liquid paths. For example, if you use a funnel,
the water will be conveyed in a very thin flow.
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In , for sake of simplicity, we described a wa-
ter flow. Nevertheless, we are also allowed to use other
kinds of streams, such as electromagnetic or sonic cur-
rents, and so on [24,25]. Every one of such fluxes obeys
different types of well-established equations, following
well-studied trajectories that could be visualized and
quantified. For example, air fluxes on a disk have been
widely investigated. The flux features will tell us about
the shape of the hidden surface. Indeed, by knowing
the disk’s radius and the strength of the uniform field,
we may evaluate the orientation and movements of the
disk’s surface and the presence of hidden obstacles (

), both for laminar or turbulent fluxes. As an ex-
ample of previously unrecognized classes of flows, sto-
chastic heat engines have been assessed, in particular a
colloidal sphere diffusing in a conventional optical twee-
zer [26]. In this case, non-conservative optical forces bias
the particle’s fluctuations into toroidal vortexes, whose
circulation can reverse direction with temperature or la-
ser power.

These methods from fluid dynamics allows us to look
(in physical and biological systems’ phase spaces with su-
perimposed “obstacles” to the flux) for hypothetical trac-
es left by different kinds of fluxes, in order to indirectly
assess possible hidden dimensions and their shapes. In
particular, we might be able to assess what happens to a
particle trajectory traveling in a n-spatial environment,
when it interacts with an object not endowed in a further
spatial dimension, but instead endowed in an abstract
“super space” [27]. Super spaces have been introduced
in the study of super symmetry, in order to compare the
otherwise not assessable bosons and fermions’ total be-
havior. The philosophy behind super spaces is to embed
phase spaces both in spatial and non-spatial dimensions,
in order to improve the detectability of otherwise invisi-
ble parameters. Here we use super spaces in guise of ab-
stract, non-spatial dimensions superimposed to spatial
systems, able to interfere with the trajectories occurring
in classical spatial n-dimensions.

The second approach: Topology comes into play

The Borsuk-Ulam Theorem (BUT) states that, if a
sphere §" is mapped continuously into an #-dimensional
Euclidean space R", there is at least one pair of antipo-
dal points on S" which map onto the same point of R"
[28,29]. See Tozzi and Peters [30] for further details and
a mathematical treatment. The notation stands for an
n-sphere [31], which is an n-dimensional, circular struc-
ture, embedded in an n + I space [32]. For example, a
2-sphere (§?) is the 2-dimensional surface of a 3-dimen-
sional space. Antipodal points are, e.g., the poles of a
sphere [33,34].

Several BUT variants have been developed in the very

e Page 12



U

o Citation: Tozzi A, Peters JF, Colin J Ill, et al. (2017) Multidimensional Chaotic Dynamics and Entropies. Arch Inf

ASc

SCHOLARLY PAGES

Sci Technol 1(1):10-19

last years. For example, we can consider regions on an
n-sphere that are either adjacent or far apart. This means
that pairs of points need not be antipodal, in order to
have matching descriptions [35]. This BUT variant has
utility, provided there are a pair of regions on an n-sphere
which are similar. The concept of antipodal points can
be used not just for the description of points, but also
for more complicated structures, such as shapes of space
(object contours), temporal intervals (temporal oscilla-
tions), functions, vectors and symmetries [36,37]. This
leads to a particularly useful region-based BUT, dubbed
re-BUT [35]. We are allowed to describe brain features
on an n-sphere either as antipodal points, or antipodal
regions. This means that antipodal signal shapes can be
compared [35]. That is, feature-based descriptions of an-
tipodes can be assessed at one level of observation, while
their projections into a single shape can be analyzed at a
lower level [37].

Although BUT was originally limited to an #n-sphere
where 7 is a natural number, nevertheless n can also be
regarded as rational or irrational number [37]. For ex-
ample, we might regard functions or shapes as embed-
ded in a sphere in which 7 stands for number of instants
in time. Hence, the parameter n becomes useful in the
description of nonlinear and fractal dynamical systems.

The original formulation of BUT describes the pres-
ence of antipodal points on spatial manifolds in every
dimension, provided the manifold is a convex, posi-
tive-curvature structure (e.g., a ball). However, the kind
of geometry that best describes world dynamics is a
matter of debate. Theoretical contenders include Euclid-
ean, elliptic and hyperbolic geometry. This means that
systems functions might occur on manifolds endowed
with different types of geometry, for example the hyper-
bolic one encloses complete Riemannian #-manifolds of
constant sectional curvature-1 and concave shape [38].
We are thus allowed to look for antipodal points also on
structures equipped with kinds of curvature other than
the convex one [39]. Or, in other words, whether the sys-
tem under examination displays a concave, convex or flat
functional appearance, it does not matter: we may always
find the points with matching description predicted by
BUT. For further details, see also Peters and Tozzi [37].

In sum, the BUT displays versatile features which
can be modified in different guises: last but not least, the
mapping of antipodal points into the lower level ofa n - 1
sphere. In our case, we are allowed to use BUT in order to
describe Hopf bifurcations, because the latter cannot oc-
cur in discrete-time systems or maps. However, because
the intended meaning is related to a Poincare section, the
argument about the hidden dimensions holds true. Pre-
cisely, a period-doubling bifurcation in the logistic map
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may correspond to a double-covering bifurcation of a
limit-cycle in a higher dimensional space.

The third approach: Computerized tessellation of
the image of the logistic plot

We assessed the logistic plot “classical” image of non-
linear, chaotic dynamics through a novel image analysis
approach [40,41]. Indeed Peters, et al. [41] introduced
a novel method for the measurement of information
level in data sets, based on image subdivision in small
polygons equipped with different entropic content. This
method, called maximal nucleus clustering, is based on
nucleus clustering in Voronoi tessellations [42]. In brief,
a computerized program chooses the points of the image
with the higher difference of orientation, compared with
the others. The choice of such points, called generating
points, allows us to build around them small polygons,
called Voronoi tessellation regions. Such small polygons,
depending on the number of their sides, display different
levels of information. In particular, the polygons with
the higher number of sides, called Maximum Nucleus
Clusters (MNC), together with their surrounding poly-
gons, might be an indirect clue of hidden dimensions in
a two-dimensional Figure. Indeed, MNC reveals zones
of the image characterized by different gradient ori-
entation and diverse functional dimensions [40]. The
fractal structure of the logistic map is believed to come
from the stretch-and-fold process: therefore, why, in
our framework, do MNCs imply hidden dimensions? In
Peters, et al. [40] we hypothesized that every parameter
correlated with the MNCs might stand for a function-
al dimension. In the previous paragraph, we introduced
the concept of BUT and matching signals. The basic
form of BUT tells us that there exists a pair of antipodal
(opposite) signals on the circumference that maps to a
single one on a line. The two antipodal signals are as-
sessed at one level of observation, while the single one at
a lower level. This means that, if we embed a MCN onto
a circumference, there exist two antipodal signals with
matching description. Therefore, BUT provides a handy
vehicle in expressing the relationship between Voronoi
polygons that serve as cluster nuclei. In the image tiling,
more than one MCN can be found, all of them equipped
with the same number of sides (i.e., these MCNs display
matching description). Therefore, different MNCs may
be embedded in the same circumference and may display
matching functional description. In other words, sys-
tems features could be characterized as antipodal signals
with matching description, in order that the functions of
signal shapes can be compared. It might be speculated
that changes in morphological features could be correlat-
ed with variations in physical functions. Thus, gradient
differences might be linked with different functional and
dimensional counterparts.
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Although we live in a space-time world with no im-
mediate perception that hidden spaces exists at all, the
hints of a further dimension can be identified through
their “cross section” movements on a more accessible
three-dimensional surface, as if you recognized some
object from its shadow projected on a screen. In such a
vein, MNCs might be able to evaluate indirect clues of
the undetectable fourth dimension, e.g., the hallmarks or
signs on a familiar space-time surface.

The fourth approach: Logical validation

Here we asked whether it is feasible to validate as true,
through logic tools, the possibility that a logistic plot is
correlated with a hidden dimension that intersects linear
behaviors of collective systems, when they phase param-
eter changes from 3 to 4. In general terms, we described
a logical question in the format of: “if possibly A (with
its logical parts), then B” to be validated true or validated
not true. In our specific case, we asked whether the fol-
lowing two questions are logically tenable:

a) Is it possible that laminar fluxes can be unobstruct-
ed or bifurcated by interposition of the necessity of hid-
den dimensions implying visible dimensions?

b) The necessity of non-visible dimensions imply the
possibility of laminar fluxes as either: 1) Not obstructed;
or 2) Bifurcated by non-visible dimensions implying vis-
ible dimensions?

We used the following logic procedure. We mapped
categorical subject parts into “literal” variables. The vali-
dation was performed by the logic model checker Meth8
(U.S. Patent pending). Meth8 is a logic model checker
which requires each expression as a numbered equation
to be validated true/not validated true in each case to
constitute a well-formed and satisfiable proof. It is based
on V14, the variant that corrects and resuscitates the
quaternary logic 1.4 of Lukasiewicz.

We used the 4 propositions < p, q, 1, s >. We mapped
action relations into respective lists for:

a) Connectives < And; Not and; Or; Not or; Equiva-
lent; Not equivalent; Imply; Not imply >;

b) Common symbols with ~ for Not as the set { &,
N&) V’ NV) >, [ ]’ >, < }’

c) One letter symbols in Meth8 as the set { &, \, +, -,
=,@,>,<}

We also mapped modifiers in modal operators for
possibility and necessity, using the following symbols:

a) Common symbols of the lozenge ¢ and box [];
b) One letter characters in Meth8 as % and #.

Predicate logic has two quantifiers, the existential 3

Tozzi et al. Arch Inf Sci Technol 2016, 1(1):10-19

as “at least one exists” and the universal V as “for all”.
The quantifiers are based on (the misattributed) Aristot-
le’s Square of Opposition which provably is not bivalent
(not exact).

However, propositional logic has two modal opera-
tors that provably are bivalent (exact) and generally in-
terchange with the two quantifiers, ¢ for 3 and [] for V.

We also mapped expressions into the format of:

a) Named types in order of literal, operator, literal
suchasp & g;

b) Named parts in order of antecedent, connective,
consequent.

Here we show how the bifurcation diagram of 2D
logistic maps’ nonlinear dynamical equations might be
shaped and deformed by an intersecting hidden dimen-
sion, e.g., a super space containing the first Feigenbaum
constant.

The first approach: Detecting dimensions through
flows assessment

In this logistic plot, x stands for the detectable trajec-
tory followed by a particle in a space-time, and r stands
for possible hidden dimensions. When the scaled param-
eter r is measured between 1 and 3, the particle behavior

Figure 3: The hypothetical case of an obstacle hidden in the
logistic map’s bifurcations able? Is this a word? To modify

water flows.
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Figure 4: lllustrates how a Feigenbaum multi space
might modify the trajectories in a logistic plot, leading to
bifurcations when it interferes with the flow.

0.0 —

2.4 2.6 2.8 3.0 32 3.4 3.6
r

Figure 5: Bifurcation diagram of a simulated logistic map’s
nonlinear dynamical equation. The axis x displays a hypo-
thetical phase parameter r, the axis y the probability of a ge-
neric variable. At the first Hopf bifurcation, the exponent n of
the n-sphere stands for the first Feigenbaum constant. The
same operation can be repeated at each of the following
bifurcations: just the first one is displayed in Figure. Each
n-sphere is equipped with two antipodal points which inter-
sect the curves of the corresponding bifurcation and display
the same value on the axis x. In sum, the irrational number
of the Feigenbaum constant can be used in guise of a super
space superimposed to a 2D chaotic logistic plot. Such su-
per space is able to modify the linear trajectories, leading to
a cascade of fractal bifurcations.
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is linear. When the value 3 is reached, it looks like an
obstacle to the flow occurs (Figure 3). At phase param-
eter’s values between 3 and 4, the super space (e.g., one
or more hidden dimensions) interferes with the plot and
interacts with the traveling particles. When linear trajec-
tories cross the super space, they split into progressively
increasing fractal bifurcations, until a totally chaotic pat-
tern is achieved. Interestingly, this further dimension(s)
is somewhat correlated with the first Feigenbaum con-
stant (Figure 4).

The second approach: Topology comes into play

Tozzi and Peters [30] demonstrated that embracing sys-
tems non-linearity in the framework of the Borsuk-Ulam
theorem means that nervous bifurcation transformations
(the antipodal points) can be described as paths or trajec-
tories on abstract spheres equipped with Feigenbaum di-
mensions (Figure 5). Note that, from linearity to non-lin-
earity, the number of points with matching description
increases. This means, for the BUT theorem and its vari-
ants, that, going from phase parameter 3 to 4, it occurs
an increase of n-dimensions. However, in this case, the
term n does not stand for a natural number as in the clas-
sic BUT, but for an irrational number (the Feigenbaum
constant). We could state that, in a logistic plot equipped
with a hypothetical hidden dimension, the increase of
bifurcations is given by the BUT dictates (e.g., a single
feature in n-dimensions maps to two features or more in
n + I dimensions). The concave trajectories are caused
by the shape of the hidden dimension(s), because the
bifurcation distortion could be due to a negative-curva-
ture superimposed manifold(s). There must be a concave
manifold that modifies the original linear curve, when,
at the proper values of the phase parameter, trajectories
pass through it. In sum, chaotic behavior might be cor-
related with the intersection between the linear path and
a hidden dimension(s).

The third approach: Computerized tessellation of
the image of the logistic plot

Figure 6 depicts MNCs in a tessellated logistic plot
at different magnifications. Note that in this case MNCs
and their surrounding polygons stand for the possible
location of the hidden dimension interfering with linear
trajectories.

The fourth approach: Logical validation
Our first question was:

“Is it possible that laminar fluxes can be unobstructed
or bifurcated by interposition of the necessity of hidden
dimensions implying visible dimensions?”

(Q1)
LET:
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Figure 6: MNCs in logistic plots at different magnification levels (upper and lower figures). The figures on the left depict the
MNCs, the figures on the right the MNCs plus their surrounding polygons.

p = dimensions; q = visibility; r = fluxes; s = laminar;
~ Not (negation);

% possibility; # necessity;
> Imply; < Not Imply; = Equivalent; @ Not Equiva-
lent; + Or; & And;

(p@p) False (obstructed); ~(p@p) = (p = p) True (un-
obstructed); vt Validated true true.

Our second question was:

“Does the necessity of non-visible dimensions imply
the possibility of laminar fluxes in Eq Q1 as either: 1. Not
obstructed; or 2. Bifurcated by non-visible dimensions
implying visible dimensions?”

(Q2)

#(p&~q) > %(((r&s) > ~(p@p)) + ((r&s) > ((p&~q) >
(p&q)))); vt

Model 1 ITTTTTTTTTTTTTTTT
Model 2.1 EEEEEEEEEEEEEEEE
Model 2.2 EEEEEEEEEEEEEEEE

Model 2.3.1 EEEEEEEEEEEEEEEE
Model 2.3.2 EEEEEEEEEEEEEEEE

The answer to the two questions is "yes", as proved by
the truth table for Q1 with Q2 in Model 1.1.

In sum, we indirectly suggested, summoning clues
from completely different approaches, the presence of
an invisible, extra-large dimension intertwined with our
space-time world and able to interact with it.

Conclusions

Claims from theoretical physics and, recently, also
from neuroscience [30], suggest the possible presence
of extra dimensions interacting with our three-dimen-
sional-plus time physical and biological world. It has
been hypothesized that elusive, higher dimensions of
unknown curvature (either flat, or curved, or warped,
and so on) surround us, intersecting our space-time
world and interacting with it. Our aim was to propose
a method in order to detect such hidden dimensions.
We showed how their presence can be proofed by the
occurrence of bifurcations, while their shape can be ex-

Tozzi et al. Arch Inf Sci Technol 2016, 1(1):10-19
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trapolated from the curves’ deformation after every bi-
furcation. In particular, in logistic plots from nonlinear
chaotic collective dynamics, we showed how it is possible
to detect the hints of an unknown factor, able to vary the
otherwise linear particle trajectories. The interaction be-
tween the usual space-time trajectories and the further
dimension(s) occurs just when the proper angles allow
their superimposition. Therefore, we find trajectory di-
vergences that are detectable in our world.

Due to the current lack of knowledge, we were not
able to elucidate the features of such a hidden dimension.
Although we stated that possible hidden dimensions in-
terfere with physical and biological processes, giving
rise to nonlinear dynamics in our world, nevertheless
we never talked about the nature of such dimension and
about “spatial” features. Indeed, we are not allowed to
say whether we are in front of one, or more than one,
further spatial dimension. The concave shape of trajecto-
ries could also be provided by the curvature of a complex
(real and imaginary) space, that displays, in a physical
geometry, a dual mapping between: a) Visible regions
embedded in an n dimensional real space and b) Hidden
regions mapping to an n + I - dimensional imaginary
space. Another possibility is that the hidden dimension
stands for a “temporal” dimension, instead of a spatial
one. Due to our above described quantum entanglement
account; we might speculate that (in our space-time, zero
curvature Universe) a further hidden, infinite dimension
is endowed, in guise of an invisible rolled, tangled thread,
or wire. We might hypothesize that a sort of one-dimen-
sional rope surrounds us. Differently from other models
that suggest particles trajectories travelling along differ-
ent dimensions of a multidimensional phase space, we
propose that particles move into our space-time phase
space, but collide with such one-dimensional rope en-
dowed in the cosmos. A one-dimensional rope cannot
encompass a two-dimensional oscillation, but just a
uni-dimensional force. Nevertheless, if such hypothet-
ical one-dimensional force propagates into our space
time cosmic dimensions, it would give rise to pluri-di-
mensional oscillations detectable by us. Which kind of
force can be encompassed in a mono-dimensional rope?
If we hypothesize that this dimension is made of negative
time (an inverted arrow of our usual time), we solve a lot
of puzzling experimental observations, with no need to
further, problematic forces.

Is also feasible that the hidden dimension has some-
thing to do with the Feigenbaum constant, e.g., with an
irrational number. In such a speculative vein, we need to
remember an astonishing, unnoticed similarity between
the numbers of the first Feigenbaum constant and the
Zeeman Effect, which is correlated with magnetic fields.
Indeed, the value of Zeeman Effect’s constant is 4.66860
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x 101 metre/tesla, a value that parallels the first four
numbers of the first Feigenbaum constant, in particular
for the highest values of bifurcations in logistic plots. Of
course, caution is needed, for two reasons: a) We did not
assess standard deviation or correlation statistic to show
the corresponding similarity; b) The Zeeman constant
depends on the arbitrary chosen unit system, while the
Feigenbaum constant is a ratio; therefore, it could simply
mean that such concurrence is purely random. Never-
theless, the coincidence is remarkable, and might point
towards a hypothetical correlation between two wide-
spread features of our world: nonlinear chaotic bifurca-
tions and magnetic fields.

The phase transitions described in chaotic nonlinear
logistic plot do not lead to changes in thermodynamic
entropy. Our framework helps to better elucidate such
issue, by providing a multidimensional account of ther-
modynamic entropy able to elucidate the second law of
thermodynamics and to answer to a long-standing ques-
tion: why does the thermodynamic entropy increase in
our three-dimensional (plus time) Universe? Where the
increase of entropy does comes from? Here the Beken-
stein inequality comes into play. Let k be Boltzmann’s
constant, R the radius of a sphere that can encompass a
given system, E the total mass energy (including any rest
masses), /i the reduced Planck constant and ¢ the speed
of light. The Bekenstein bound is an upper limit on the
entropy S (or information I) encompassed into a finite
region of space equipped with a finite amount of ener-
gy. In other words, the Bekenstein bound stands for the
maximum amount of information required to describe a
physical system down to the quantum level. This means
that the information of a physical system, or the infor-
mation necessary to describe it, must be finite, in case of
both the region of space and the energy being finite. The
universal form of the bound can be described as follows

27rRk(hc

27RKE  27Rk(hf) A

fic fic fic

fis the wave frequency of the particulate photon energy E
and 4 is the quantum of action (Planck’s constant).

1: § < j,Where

A noteworthy consequence of the Berkenstein bound,
i.e., that the entropy contained in our space-time Uni-
verse is proportional to the two-dimensional border of
the sphere enclosing the system, led some theoreticians
to hypothesize the holographic principle. The latter states
that the entire universe can be seen as two-dimensional
information on the cosmological horizon, such that the
three dimensions (plus time) we observe are an effective
description only at macroscopic scales and low energies.
The holographic principle was inspired by black hole
thermodynamics, which conjectures that the maximal
entropy in any region scales with the radius squared,
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and not cubed as might be expected. Indeed, the Beken-
stein-Hawking formula states that the black hole entropy
is proportional to the area of its event horizon. The fact
that the black hole entropy is also the maximal entropy
that can be obtained by the Bekenstein bound (wherein
the Bekenstein bound becomes equality) was the main
observation that led to the holographic principle. Sum-
marizing, the holographic model hypothesizes that the
entropy endowed in our space-time Universe might be
encompassed in a two-dimensional surface, because, in
the case of a black hole, the informational content of the
objects fallen into the hole might be entirely contained
in surface fluctuations of the event horizon. Our goal is
to “reverse” such idea: if we place a three-dimensional
sphere instead of a two-dimensional one on the right
side of the equation, we achieve on the left side the value
of the entropy encompassed in FOUR dimensions. Put
another way, the Bekenstein bound is the upper limit of
the energy of a system at a particular time ¢ defined by

47[R(t)k[hc]
S0 < A(t) _ 4z R(t)kh
he nA(t)

Therefore, if we achieve thermodynamic entropy en-
compassed in a multidimensional Universe instead of
the space-time one, we are able to explain why the entro-
py S seems to increase in our detectable Universe’s linear
paths, while it is kept invariant during nonlinear chaotic
phase transitions. Indeed, if we keep the Universe enthal-
py constant, we might hypothesize that the free-energy
flows towards the further dimension, leaving in our space-
time dimensions an apparent, relative increase in entropy.
Therefore, free energy is “sucked” by, “drained” towards the
hidden dimension. This apparent phenomenon disappears
at the observation level of a higher dimension, where the
entropy is left unchanged: this is the case of the logistic plot
after bifurcations and of an hypothetical thermodynamic

entropy embedded in a further, hidden dimension.

Our findings pave the way to future works and de-
velopments. Further mathematical studies are needed, in
order to assess the shape of the hidden dimension(s). Our
procedure allows not just to look for hints of veiled di-
mensions in our microscopic or macroscopic Universe,
but also to use abstract dimensions in order to evaluate
natural paths. Although we took into account the ex-
ample of the Feigenbaum multi space, we can also use
other multi spaces, e.g., dimensions containing physical
constants, in order to evaluate happens when a dynamic
system interferes with such dimensions. Furthermore,
by measuring the curvature of laminar fluxes when they
approach cosmic bodies, we could study solar winds,
electromagnetic waves or cosmic wave’s background, in
order to assess whether hidden dimensions are endowed
in our Universe, and where they are located.

Tozzi et al. Arch Inf Sci Technol 2016, 1(1):10-19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rubakov VA, Shaposhnikov ME (1983) Do we live inside a
domain wall? Physics Letters B 125: 136-138.

Baulieu L, Green M, Picco M, et al. (2001) Progress in
String Theory and M-Theory. Springer, Berlin.

Hashimoto K (2012) D-Brane: Superstrings and New Per-
spective of Our World. Springer-Verlag, Berlin.

Hitchin N (2003) Generalized Calabi-Yau manifolds. The
Quarterly Journal of Mathematics 54: 281-308.

Burgess CP, van Nierop L (2013) Technically natural cos-
mological constant from supersymmetric 6D brane back-
reaction. Physics of the Dark Universe 2: 1-16.

Candelas P, Horowitz G, Strominger A, et al. (1985) Vacu-
um configurations for superstrings. Nuclear Physics B 258:
46-74.

Arkani-Hamed N, Dimopoulos S, Dvalic G (1998) The hier-
archy problem and new dimensions at a millimeter. Physics
Letters B 429: 263-272.

Randall L, Sundrum R (1999) A Large Mass Hierarchy from
a Small Extra Dimension. Physical Review Letters 83.

Peters JF, Tozzi A (2016) Quantum Entanglement on a Hy-
persphere. Int J Theoret Phys 55: 3689-3696.

Bak P, Tang C, Wiesenfeld K (1987) Self-organized crit-
icality: An explanation of the 1/f noise. Phys Rev Lett 59:
381-384.

Fraiman D, Chialvo DR (2012) What kind of noise is brain
noise: Anomalous scaling behavior of the resting brain ac-
tivity fluctuations. Front Physiol.

Perkins TJ, Foxall E, Glass L, et al. (2014) A scaling
law for random walks on networks. Nat Commun 5:
5121.

Deco G, Jirsa VK (2012) Ongoing cortical activity at rest:
criticality, multistability, and ghost attractors. J Neurosci 32:
3366-3375.

Tozzi A (2014) Evolution: Networks and Energy Count. Na-
ture 515: 343.

Afraimovich V, Tristan I, Varona P, et al. (2013) Transient
Dynamics in Complex Systems: Heteroclinic Sequences
with Multidimensional Unstable Manifolds. Discontinuity,
Nonlinearity and Complexity 2: 21-41.

de Arcangelis L, Herrmann HJ (2010) Learning as a phe-
nomenon occurring in a critical state. Proceedings of the
National Academy of Sciences 107: 3977-3981.

Beggs JM, Timme N (2012) Being critical of criticality in the
brain. Front Physiol 3: 163.

Tozzi A (2015) How to Turn an Oscillation in a Pink One.
Journal of Theoretical Biology 377: 117-118.

Strogatz SH (1994) Nonlinear Dynamics and Chaos, Stud-
ies in Nonlinearity. Perseus Books Publishing.

Richardson MJ, Dale R, Marsh KL (2014) Complex dynam-
ical systems in social and personality psichology. In: Reis
HT, Judd CM, (2" edn), Handbook of Research Methods in
Social and Personality Psychology. Cambridge University
Press, Cambridge.

e Page 18 o


http://adsabs.harvard.edu/abs/1983PhLB..125..136R
http://adsabs.harvard.edu/abs/1983PhLB..125..136R
https://academic.oup.com/qjmath/article-abstract/54/3/281/1511936/Generalized-Calabi-Yau-Manifolds?redirectedFrom=PDF
https://academic.oup.com/qjmath/article-abstract/54/3/281/1511936/Generalized-Calabi-Yau-Manifolds?redirectedFrom=PDF
http://www.sciencedirect.com/science/article/pii/S2212686412000052
http://www.sciencedirect.com/science/article/pii/S2212686412000052
http://www.sciencedirect.com/science/article/pii/S2212686412000052
http://www.sciencedirect.com/science/article/pii/0550321385906029
http://www.sciencedirect.com/science/article/pii/0550321385906029
http://www.sciencedirect.com/science/article/pii/0550321385906029
http://www.sciencedirect.com/science/article/pii/S0370269398004663
http://www.sciencedirect.com/science/article/pii/S0370269398004663
http://www.sciencedirect.com/science/article/pii/S0370269398004663
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.83.3370
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.83.3370
http://adsabs.harvard.edu/abs/2016IJTP...55.3689P
http://adsabs.harvard.edu/abs/2016IJTP...55.3689P
http://cqb.pku.edu.cn/tanglab/pdf/1987-8.pdf
http://cqb.pku.edu.cn/tanglab/pdf/1987-8.pdf
http://cqb.pku.edu.cn/tanglab/pdf/1987-8.pdf
http://journal.frontiersin.org/article/10.3389/fphys.2012.00307/full
http://journal.frontiersin.org/article/10.3389/fphys.2012.00307/full
http://journal.frontiersin.org/article/10.3389/fphys.2012.00307/full
https://www.ncbi.nlm.nih.gov/pubmed/25311870
https://www.ncbi.nlm.nih.gov/pubmed/25311870
https://www.ncbi.nlm.nih.gov/pubmed/25311870
https://www.ncbi.nlm.nih.gov/pubmed/22399758
https://www.ncbi.nlm.nih.gov/pubmed/22399758
https://www.ncbi.nlm.nih.gov/pubmed/22399758
https://www.nature.com/nature/journal/v515/n7527/full/515343c.html
https://www.nature.com/nature/journal/v515/n7527/full/515343c.html
http://www.pnas.org/content/107/9/3977.abstract
http://www.pnas.org/content/107/9/3977.abstract
http://www.pnas.org/content/107/9/3977.abstract
https://www.ncbi.nlm.nih.gov/pubmed/22701101
https://www.ncbi.nlm.nih.gov/pubmed/22701101
http://www.sciencedirect.com/science/article/pii/S0022519315001940
http://www.sciencedirect.com/science/article/pii/S0022519315001940
http://arslanranjha.weebly.com/uploads/4/8/9/3/4893701/nonlinear-dynamics-and-chaos-strogatz.pdf
http://arslanranjha.weebly.com/uploads/4/8/9/3/4893701/nonlinear-dynamics-and-chaos-strogatz.pdf

ASc

U

o Citation: Tozzi A, Peters JF, Colin J Ill, et al. (2017) Multidimensional Chaotic Dynamics and Entropies. Arch Inf

Sci Technol 1(1):10-19

SCHOLARLY PAGES

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Smith R (2013) Period doubling, information entropy, and
estimates for Feigenbaum’s constants. International Jour-
nal of Bifurcation and Chaos 23.

Alligood KT, Sauer TD, Yorke JA (1996) Chaos: An Intro-
duction to Dynamical Systems. Textbooks in Mathematical
Sciences, Springer.

Jordan DW, Smith P (2007) Non-Linear Ordinary Differen-
tial Equations: Introduction for Scientists and Engineers.
(4" edn), Oxford University Press.

Reynolds O (1883) An experimental investigation of the
circumstances which determine whether the motion of wa-
ter shall be direct or sinuous, and the law of resistance in
parallel channels. Philosophical Transactions of the Royal
Society 174: 935-982.

Tritton DJ (1988) Physical Fluid Dynamics. (2™ edn), Ox-
ford University Press, UK.

Sun B, Grier DG, Grosberg AY (2010) Minimal model for
brownian vortexes. Phys Rev E Stat Nonlin Soft Matter
Phys 82.

Rogers A (2007) Supermanifolds: Theory and Applications.
World Scientific.

Borsuk K (1933) Drei satzeuber die n-dimensional euklid-
ische sphare. Fundamenta Mathematicae 20: 177-190.

Beyer WA, Zardecki A (2004) The early history of the ham
sandwich theorem. American Mathematical Monthly 111:
58-61.

Tozzi A, Peters JF (2016) Towards a Fourth Spatial Dimen-
sion of Brain Activity. Cognitive Neurodynamics 10: 189-
199.

.Weeks JR (2002) The shape of space. (2™ edn), Marcel

Dekker Inc, New York-Basel.

Marsaglia G (1972) Choosing a Point from the Surface of a
Sphere. Ann Math Statist 43: 645-646.

Matousek J (2003) Using the Borsuk-Ulam Theorem. Lec-

Tozzi et al. Arch Inf Sci Technol 2016, 1(1):10-19

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

tures on Topological Methods in Combinatorics and Geom-
etry. Springer-Verlag Berlin Heidelberg.

Collins GP (2004) The shapes of space. 291: 94-103.

Peters JF (2016) Computational Proximity: Excursions in
the Topology of Digital Images. Intelligent Systems Refer-
ence Library 102.

Borsuk K (1969) Fundamental retracts and extensions of
fundamental sequences. Fundamenta Mathematicae 64:
55-85.

Tozzi A, Peters JF (2016) A Topological Approach Unveils
System Invariances and Broken Symmetries in the Brain.
Journal of Neuroscience Research 94: 351-365.

Sengupta B, Tozzi A, Cooray GK, et al. (2016) Towards a
Neuronal Gauge Theory. PLoS Biol 14: €1002400.

Mitroi-Symeonidis FC (2015) Convexity and sandwich the-
orems. European Journal of Research in Applied Sciences
1: 9-11.

Peters JF, Tozzi A, Ramanna S (2016) Brain Tissue Tes-
sellation Shows Absence of Canonical Microcircuits. Neu-
roscience Letters 626: 99-105.

Peters JF, Ramanna S, Tozzi A, et al. (2017) BOLD-in-
dependent computational entropy assesses functional
donut-like structures in brain fMRI image. Frontiers Hum
Neurosci 11: 38.

Peters JF, Inan E (2016) Strongly near Voronoi nucleus
clusters.

Bekenstein JD (1973) Black Holes and Entropy. Phys Rev
D 7: 2333-2346.

Bekenstein JD (1974) Generalized second law of thermo-
dynamics in black-hole physics. Phys Rev D 9: 3292-3300.

Shevchuk IV (2009) Modelling of Fluid Flow and Heat
Transfer in Rotating-Disk Systems. In: Convective Heat and
Mass Transfer in Rotating Disk Systems. Lecture Notes in
Applied and Computational Mechanics. Springer, Berlin,
Heidelberg, 45: 11-31.

e Page 19 ¢


http://mbbsdost.com/The-shapes-space-Scientific-American-Collins-GP--2004-Jul/pubmed/15633751
http://matwbn.icm.edu.pl/ksiazki/fm/fm64/fm6414.pdf
http://matwbn.icm.edu.pl/ksiazki/fm/fm64/fm6414.pdf
http://matwbn.icm.edu.pl/ksiazki/fm/fm64/fm6414.pdf
http://onlinelibrary.wiley.com/doi/10.1002/jnr.23720/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jnr.23720/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jnr.23720/abstract
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002400
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002400
https://arxiv.org/ftp/arxiv/papers/1507/1507.01074.pdf
https://arxiv.org/ftp/arxiv/papers/1507/1507.01074.pdf
https://arxiv.org/ftp/arxiv/papers/1507/1507.01074.pdf
http://www.sciencedirect.com/science/article/pii/S0304394016301999
http://www.sciencedirect.com/science/article/pii/S0304394016301999
http://www.sciencedirect.com/science/article/pii/S0304394016301999
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5285359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5285359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5285359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5285359/
https://arxiv.org/pdf/1602.03734.pdf
https://arxiv.org/pdf/1602.03734.pdf
http://www.phys.huji.ac.il/~bekenste/PRD7-2333-1973.pdf
http://www.phys.huji.ac.il/~bekenste/PRD7-2333-1973.pdf
http://www.cbpf.br/~cirto/MecEstNaoExten_HTML/AULAS/Aula_12/Bekenstein_(Generalized_Second_Law_Of_Thermodynamics_In_Black_Hole_Physics)_%5BPRD_1974%5D.pdf
http://www.cbpf.br/~cirto/MecEstNaoExten_HTML/AULAS/Aula_12/Bekenstein_(Generalized_Second_Law_Of_Thermodynamics_In_Black_Hole_Physics)_%5BPRD_1974%5D.pdf
https://link.springer.com/chapter/10.1007%2F978-3-642-00718-7_2
https://link.springer.com/chapter/10.1007%2F978-3-642-00718-7_2
https://link.springer.com/chapter/10.1007%2F978-3-642-00718-7_2
https://link.springer.com/chapter/10.1007%2F978-3-642-00718-7_2
https://link.springer.com/chapter/10.1007%2F978-3-642-00718-7_2
http://www.worldscientific.com/doi/abs/10.1142/S0218127413501903?journalCode=ijbc
http://www.worldscientific.com/doi/abs/10.1142/S0218127413501903?journalCode=ijbc
http://www.worldscientific.com/doi/abs/10.1142/S0218127413501903?journalCode=ijbc
https://books.google.co.in/books?hl=en&lr=&id=LDvhBwAAQBAJ&oi=fnd&pg=PR5&dq=Chaos:+An+Introduction+to+Dynamical+Systems,+Textbooks+in+mathematical+sciences,+Springer.&ots=JB-onZdipV&sig=nTYTIY1LE3XjnEjVNX1V8yZqCEY&redir_esc=y#v=onepage&q=Chaos%3A An In
https://books.google.co.in/books?hl=en&lr=&id=LDvhBwAAQBAJ&oi=fnd&pg=PR5&dq=Chaos:+An+Introduction+to+Dynamical+Systems,+Textbooks+in+mathematical+sciences,+Springer.&ots=JB-onZdipV&sig=nTYTIY1LE3XjnEjVNX1V8yZqCEY&redir_esc=y#v=onepage&q=Chaos%3A An In
https://books.google.co.in/books?hl=en&lr=&id=LDvhBwAAQBAJ&oi=fnd&pg=PR5&dq=Chaos:+An+Introduction+to+Dynamical+Systems,+Textbooks+in+mathematical+sciences,+Springer.&ots=JB-onZdipV&sig=nTYTIY1LE3XjnEjVNX1V8yZqCEY&redir_esc=y#v=onepage&q=Chaos%3A An In
http://th.if.uj.edu.pl/~biernat/ksiazki/Jordan - Nonlinear Ordinary Differential Equations 4e (Oxford, 2007).pdf
http://th.if.uj.edu.pl/~biernat/ksiazki/Jordan - Nonlinear Ordinary Differential Equations 4e (Oxford, 2007).pdf
http://th.if.uj.edu.pl/~biernat/ksiazki/Jordan - Nonlinear Ordinary Differential Equations 4e (Oxford, 2007).pdf
http://www.homepages.ucl.ac.uk/~uceseug/Fluids3/Extra_Reading/Reynolds_1883.pdf
http://www.homepages.ucl.ac.uk/~uceseug/Fluids3/Extra_Reading/Reynolds_1883.pdf
http://www.homepages.ucl.ac.uk/~uceseug/Fluids3/Extra_Reading/Reynolds_1883.pdf
http://www.homepages.ucl.ac.uk/~uceseug/Fluids3/Extra_Reading/Reynolds_1883.pdf
http://www.homepages.ucl.ac.uk/~uceseug/Fluids3/Extra_Reading/Reynolds_1883.pdf
https://global.oup.com/ushe/product/physical-fluid-dynamics-9780198544937?cc=in&lang=en&
https://global.oup.com/ushe/product/physical-fluid-dynamics-9780198544937?cc=in&lang=en&
https://www.ncbi.nlm.nih.gov/pubmed/20866791
https://www.ncbi.nlm.nih.gov/pubmed/20866791
https://www.ncbi.nlm.nih.gov/pubmed/20866791
http://www.worldscientific.com/worldscibooks/10.1142/1878
http://www.worldscientific.com/worldscibooks/10.1142/1878
https://eudml.org/doc/212624
https://eudml.org/doc/212624
https://www.jstor.org/stable/4145019?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/4145019?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/4145019?seq=1#page_scan_tab_contents
https://link.springer.com/article/10.1007/s11571-016-9379-z
https://link.springer.com/article/10.1007/s11571-016-9379-z
https://link.springer.com/article/10.1007/s11571-016-9379-z
http://www.crcnetbase.com/doi/pdf/10.1201/9780203912669.fmatt
http://www.crcnetbase.com/doi/pdf/10.1201/9780203912669.fmatt
http://projecteuclid.org/euclid.aoms/1177692644;
http://projecteuclid.org/euclid.aoms/1177692644;

	Title
	In Search of Hidden Dimensions 
	Introduction
	Materials and Methods 
	Premise: Chaotic bifurcations and logistic plots 
	The first approach: Detecting dimensions through flows assessment 
	The second approach: Topology comes into play 
	The third approach: Computerized tessellation of the image of the logistic plot 
	The fourth approach: Logical validation 

	Results
	The first approach: Detecting dimensions through flows assessment 
	The second approach: Topology comes into play 
	The third approach: Computerized tessellation of the image of the logistic plot 
	The fourth approach: Logical validation 

	Conclusions
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References

