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Introduction

The classical conception of dimensions relies on a static vision of space: three fixed,
immutable axes defining a universal geometric framework. This representation, inherited
from Newtonian physics and extended in relativity, gives the illusion that dimensions
constitute a rigid structure, independent of cosmic motion. Yet this vision does not
withstand a dynamic analysis of the Universe.

The Cube Analogy highlights this contradiction. A cube placed in a room seems to define
three stable directions. But this cube is carried by the rotation of the Earth, by its orbit
around the Sun, by the motion of the solar system within the galaxy, and by the
displacement of the galaxy itself through the cosmos. If the Universe possesses a global
rotation, then the dimensions associated with the cube — the ones we believe to be fixed
— are in reality in perpetual motion. A dimension is therefore not a static axis: itis a
transported direction, continuously reoriented by cosmological dynamics.

This observation opens the way to a new approach: considering dimensions not as fixed
entities, but as potential directions. To quantify these directions, it becomes necessary to
define an internal space capable of containing them. The sphere, with its perfect symmetry
and unique center, constitutes the ideal model. By subdividing this sphere exponentially
and using the Planck length as the minimal unit, it becomes possible to determine the
maximal number of directions accessible from a point.

This number represents the potential dimensions: the set of directions that space can offer
when analyzed down to its fundamental granularity. This approach surpasses traditional
frameworks (3D, 4D, 10D, 11D) and proposes a directional vision in which the structure of
space depends on its internal capacity to generate orientations.

Potential dimensions thus constitute a central concept in a physics where space is no
longer static, but living, dynamic, and directional. They provide a new foundation for
understanding the internal structure of particles, the propagation of energy, directional
photonics, and the geometric coherence of the Universe.

Chapter 1 — Conceptual Foundations

The traditional understanding of dimensions relies on a static vision of space. In this
classical framework, dimensions are represented by three fixed axes — X, Y, and Z —



forming an immutable geometric structure. This conception, inherited from Newtonian
physics and extended in relativity, suggests that dimensions constitute a universal
framework, independent of cosmic motion. Yet this representation does not reflect the
dynamic reality of the Universe.

1.1. Dimension as a Physical Direction

In a directional approach, a dimension is not an abstract axis: itis a freedom direction. A
direction is a vector oriented in space, and its validity depends on the reference frame in
which itis observed. Unlike Euclidean geometry, where axes are immutable, a physical
directionis influenced by:

¢ the rotation of the body that carries it, ® orbital motions, ¢ galactic displacements, ® local
matter density, ® the internal structure of space, ® the fundamental granularity (Planck
length).

Thus, a dimension is not an absolute entity: it is a dynamic orientation, continuously
re-evaluated by cosmological interactions.

1.2. The Reference Frame as a Living Structure
A reference frame is neverimmobile. It is carried by:

e the rotation of the Earth, ¢ its orbit around the Sun, ¢ the motion of the solar system within
the galaxy, ® the displacement of the galaxy in the Universe, ® and potentially by the global
rotation of the Universe itself.

Each motion reorients the internal directions of the reference frame. Classical dimensions
are therefore only local approximations of a set of directions in perpetual evolution. This
observation makes necessary a more flexible and realistic definition of dimensions.

1.3. Limits of Classical Mathematical Dimension

Mathematical dimensions (3D, 4D, 10D, 11D) are abstract constructions. They do not take
into account:

¢ the granularity of space, ® cosmic dynamics, ¢ local density variations, ¢ internal
directional structures, ® nor the real capacity of space to generate orientations.

They are useful for modeling, but insufficient to describe the internal structure of space at
the fundamental scale.

1.4. Toward a Directional Definition of Dimensions

To surpass these limits, it becomes necessary to define dimensions as:



directions accessible from a point, determined by the internal structure of space and
by its minimal granularity.

This definition relies on three fundamental principles:
1. Adimensionis a direction, not an axis.
2. Adirection is dynamic, not static.

3. The number of directions depends on the internal capacity of space, not on an
imposed mathematical framework.

These principles constitute the conceptual basis of potential dimensions, which emerge
from the exponential subdivision of a sphere down to the Planck length.

Chapter 2 —The Sphere as a Directional Space

To define potential dimensions, it is hecessary to establish a geometric model capable of
representing all directions accessible from a point. Among all possible shapes, the sphere
stands out as the most natural, most symmetrical, and most universal directional space. It
provides the ideal framework for analyzing the directional capacity of space and for
determining the maximal number of directions a point can offer when descending to
fundamental granularity.

2.1. Why the Sphere?

The sphere possesses unique properties that make it a privileged model for representing
directions:

¢ Perfect symmetry: every point on the surface is equidistant from the center, ensuring a
uniform distribution of directions. ¢ Isotropy: no direction is privileged, reflecting the
absence of geometric bias in fundamental space. ®* Unique center: all directions emerge
from a central point, corresponding to the physical definition of a directional origin.

In this context, the sphere is not an abstract geometric object: it becomes a directional
structure, an internal space capable of containing all possible orientations.

2.2. The Center as a Directional Origin

The center of the sphere represents the point from which all directions emerge. It plays a
fundamentalrole:



¢ [t defines a local reference frame. ¢ It allows directions to be measured as oriented
vectors. ¢ [t serves as an anchor point for exponential subdivision. ¢ It represents the
position of a particle, a point in physical space, or a directional element.

In directional physics, the center is not a simple mathematical point: it is a directional
node, a place where space unfolds into multiple orientations.

2.3. The Surface as the Set of Possible Directions

The surface of the sphere represents the set of directions accessible from the center. Each
point on the surface corresponds to a unique orientation. Thus:

* The surface is a catalog of directions. ® Each point is a potential direction. ® The density
of points on the surface determines the directional capacity of space.

The more the surface is subdivided, the more the number of directions increases. The
sphere therefore becomes a tool for quantifying possible orientations.

2.4. The Sphere as a Universal Model of Internal Space
The sphere can represent:

¢ the internal space of a particle, ® a point in physical space, ® a directional elementin a
torus, ® a structural unit in a photonic model, ® a node in a directional network.

Itis universal because it depends neither on the reference frame, nor on external geometry,
nor on cosmological motion. It represents internal space as it is, independently of the
observer.

2.5. Link with Cosmic Dynamics

Even though the sphere is isotropic and symmetrical, its directions are not static. They are
reoriented by:

¢ the rotation of the Earth, ¢ orbital motions, ¢ galactic displacements, ® global
cosmological dynamics.

Thus, the sphere represents a living directional space, whose orientations are
continuously transported by the motions of the Universe. It forms the bridge between:

e internal geometry, ® external dynamics, ® and the directional definition of dimensions.
2.6. Toward Exponential Subdivision

The sphere provides the geometric framework. Exponential subdivision provides the
granularity. The Planck length provides the minimal limit.



By combining these three elements, it becomes possible to determine the maximal
number of directions accessible from a point: the potential dimensions.

Chapter 3 — Exponential Subdivision of the Sphere

The sphere, as an isotropic directional space, offers an ideal framework for quantifying all
orientations accessible from a point. However, to determine the maximal number of
possible directions, it is necessary to subdivide this sphere systematically, until reaching
the fundamental granularity of space. Exponential subdivision constitutes the most
coherent method for accomplishing this task, as it allows the directional density to
increase in a regular, controlled, and physically meaningful way.

3.1. Principle of Exponential Subdivision

Exponential subdivision consists in dividing the surface of the sphere into increasingly
smaller segments, according to a constant reduction factor. At each step, the number of
subdivisions increases exponentially, which makes it possible to obtain a growing
directional density. This approach presents several advantages:

¢ it respects the symmetry of the sphere, ¢ it guarantees a uniform distribution of
directions, ¢ it allows a gradual approach to minimal granularity, ¢ it offers a simple
mathematical framework for quantifying orientations.

Each subdivision represents a potential direction, that s, a distinct orientation accessible
from the center of the sphere.

3.2. Subdivision as a Directional Process

Unlike a classical geometric subdivision, the exponential subdivision of the sphere is
interpreted here as a directional process. Each surface segment corresponds to a unique
orientation. Thus:

¢ the subdivision is not an arbitrary partition, ¢ it represents an increase in directional
resolution, ¢ it transforms the surface into a set of oriented vectors, ¢ it allows the
directional capacity of space to be quantified.

The finer the subdivision, the greater the number of directions, and the closer the sphere
approaches its maximal directional capacity.

3.3. Fundamental Granularity: the Planck Length



Exponential subdivision must stop at a physical limit: the Planck length, considered the
smallest meaningful unit of distance in the Universe. By using this length as a minimal
threshold, one obtains:

¢ the finest possible subdivision, ® the maximal directional density, ¢ the total number of
directions accessible from a point.

The Planck length here plays the role of a directional pixel of space. It defines the ultimate
granularity of the sphere, beyond which no physical subdivision is possible.

3.4. Determining the Number of Directions

By subdividing the sphere down to the Planck length, it becomes possible to determine the
maximal number of directions accessible from its center. This number depends on:

¢ the radius of the sphere, ¢ the total surface area, ® the level of exponential subdivision, ®
the minimal granularity imposed by the Planck length.

The resultis a finite but extremely vast set of directions, representing the directional
capacity of space at the fundamental scale.

3.5. Physical Interpretation of Subdivision

Exponential subdivision is not merely a mathematical tool: it possesses a profound
physical meaning.

¢ [t reveals that space is not continuous, but granular. ¢ It shows that directions are not
infinite, but quantifiable. ¢ It establishes a link between internal geometry and the
fundamental structure of the Universe. ¢ It allows potential dimensions to be defined as a
real, measurable set dependent on the granularity of space.

Thus, exponential subdivision transforms the sphere into a discrete directional space,
where each orientation corresponds to a fundamental structural unit.

3.6. Toward the Definition of Potential Dimensions

Exponential subdivision provides the mechanism. The Planck length provides the limit. The
sphere provides the framework.

By combining these three elements, it becomes possible to define potential dimensions:
the total number of directions accessible from a point, determined by the maximal
subdivision of the sphere.



This concept opens the way to a new manner of understanding the internal structure of
space, where dimensions are no longer abstract axes, but living, emerging, and
quantifiable directions.

Chapter 4 — Definition of Potential Dimensions

The exponential subdivision of the sphere, combined with the minimal granularity imposed
by the Planck length, makes it possible to establish a new way of defining dimensions: no
longer as abstract axes, but as a finite set of directions accessible from a point. This
concept, called potential dimensions, forms the basis of a directional physics in which
space is discrete, oriented, and dynamic.

4.1. From Direction to Dimension

In directional physics, a dimension is not a geometric axis, but a freedom direction. A
direction is a vector oriented in space, and each subdivision of the sphere corresponds to a
distinct orientation. Thus:

¢ a direction = a possible orientation, ® a dimension = an accessible direction, ® the set of
dimensions = the set of available orientations.

This approach transforms the notion of dimension into a physical concept, measurable
and dependent on the internal structure of space.

4.2. Formal Definition of Potential Dimensions
Potential dimensions are defined as:

The set of directions accessible from a point, determined by the exponential
subdivision of a sphere down to the Planck length.

This definition relies on three fundamental elements:
1. The sphere: anisotropic directional space.
2. Exponential subdivision: a mechanism for increasing directional resolution.
3. The Planck length: the minimal granularity limit.

When the sphere is subdivided down to this threshold, each surface segment represents a
unique direction. The total number of segments corresponds to the number of potential
dimensions.

4.3. Characteristics of Potential Dimensions



Potential dimensions possess unique properties:

* They are discrete: their number is finite, determined by the granularity of space. ® They
are isotropic: no direction is privileged in the initial sphere. ® They are dynamic: they are
reoriented by cosmological motions. ® They are internal: they describe the directional
capacity of a point, independently of the external reference frame. ® They are
fundamental: they emerge from the deepest structure of space.

Unlike mathematical dimensions, potential dimensions are not imposed by a model: they
emerge from the internal geometry of space.

4.4. Distinction Between Potential, Effective, and Classical Dimensions
Itis essential to distinguish three types of dimensions:
Classical dimensions (3D, 4D)

Geometric axes used to describe space in traditional models. They are static, abstract, and
independent of granularity.

Potential dimensions

The set of directions accessible from a point, determined by the maximal subdivision of the
sphere. They represent the total directional capacity of space.

Effective dimensions (Neff)

A subset of the potential dimensions actually used by a given physical phenomenon. They
depend on:

¢ local density, ® energy, ® internal structure, ® cosmic motion, ¢ directional context.
Thus:

Potential dimensions define what is possible. Effective dimensions define what is
used.

4.5. Physical Interpretation
Potential dimensions reveal that:

® space is not continuous, but discrete, ¢ directions are not infinite, but quantifiable,
dimensions are not static, but dynamic, ¢ the internal structure of space determines its
directional capacities, ® fundamental physics depends on the granularity of space.



This concept helps explain why certain phenomena seem to emerge, disappeatr, or
transform: they reflect variations in the use of effective dimensions, themselves derived
from potential dimensions.

4.6. Importance of the Concept in Directional Physics
Potential dimensions form a central pivot of directional physics:

¢ they define the internal structure of space, ¢ they allow particles to be modeled as
directional spaces, ® they explain the dynamics of confined strings, ® they provide a
framework for directional photonics, ® they integrate naturally with directional tori

(TorusNet), » they offer a basis for understanding the global rotation of the Universe.

They replace abstract dimensions with a real, quantifiable, and physically coherent
directional structure.

Chapter 5— Demonstration of Sphere Division and Mathematical Definition of
Potential Dimensions

In this chapter, we rigorously formulate the notion of potential dimensions starting from a
sphere of given radius, subdivided down to the minimal granularity set by the Planck length.
The objective is to show how this subdivision makes it possible to calculate the maximal
number of possible directions from a central point.

5.1. Geometric Model of the Sphere
Consider a sphere of radius R, centered at a point 0. Its total surface area is given by:
S(R) = 4mR?

Each point on the surface of the sphere corresponds to a direction originating from the
center 0. The surface S(R)is therefore interpreted as the set of all possible directions.

5.2. Minimal Granularity and Elementary Area
We introduce the Planck length [pas the minimal meaningful distance scale. From this
length, we define a minimal area:

_l%

Amin

This area represents the smallest possible “directional pixel” on the surface of the sphere.
In other words, no physical subdivision can produce a surface element smaller than a,.

5.3. Subdivision of the Surface into Directional Elements



We seek to cover the surface of the sphere with surface elements of size a,;,. The maximal
number of distinct surface elements, each associated with a unique direction, is then:

S(R) _4mR?

Npot(R) =

min 1129
This number Npot(R)represents the number of distinct directions accessible from the
center 0, at Planck-scale granularity.

5.4. Exponential Interpretation of Subdivision
The subdivision can be interpreted as an exponential refinement process.

Suppose that at the initial step n = 0, the surface is divided into Nyelements. At each
subdivision step, each element is divided into ksub-elements (for example k = 2for binary
division). The number of elements at step nis then:

Nn=N0’kn

Subdivision continues until the average area of an element reaches the minimal area a,jy,-
We therefore impose:

S(R)
Nn ~ Amin
Which gives:
S(R) _ 4mR?
" Amin 1123

Thus, the exponential subdivision process converges toward the same maximal number of
directions:

_ 41 R?
Noot(R) = lim N, =

N=Nmax l}za
5.5. Mathematical Definition of Potential Dimensions
We can now formulate the following mathematical definition:

The potential dimensions associated with a sphere of radius Rare defined as the
maximal number of distinct directions accessible from its center, obtained by
subdividing its surface down to the minimal area a,,,;, = [2.

Formally:



4mR?
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Dpot(R) =

This number Dpot(R)is an integer (or very close to an integer after rounding) that represents
the maximal directional capacity of the space around point O.

5.6. Link with Effective Dimensions

Potential dimensions define what is geometrically possible. Effective dimensions Ngiare a
subset of these directions, actually used by a given physical phenomenon:

Neff < Dpot(R)

This inequality reflects the fact that, even if space offers Dpot(R)directions, a physical
system uses only part of them, depending on:

¢ local density, ® energy, ® geometric constraints, ® cosmic dynamics.

Chapter 6 — Theoretical Applications

The mathematical definition of potential dimensions allows us to address a series of
theoretical applications that transform our understanding of space, particles, light, and
fundamental physical phenomena. By considering space as a discrete structure composed
of elementary directions, it becomes possible to model physical systems based on local
directional capacity:

41 R?
Dpot(R) = l—z
P
This chapter explores the main implications of this formulation.
6.1. Particles as Directional Spaces

In this model, a particle is no longer an abstract point: it becomes a directional sphere of
radius R, possessing an internal capacity to orient its interactions.

The internal directional richness of a particle is given by:
Dpot(R)
6.1.1. Example: Particle of Radius A,

If a particle has a radius equal to its Compton wavelength A, then:
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Dpot(lc) =
This extremely large number represents the number of fundamental directions accessible
to the particle.
6.2. Effective Dimensions: A Dynamic Subset

Potential dimensions define what is geometrically possible. Effective dimensions define
what is actually used by a physical phenomenon.

We therefore introduce:
Neff < Dpot(R)
The number of effective dimensions depends on:

¢ local density, ® energy, ® directional pressure, ® saturation of directions, ¢ internal
geometric constraints.

6.2.1. Directional Activation Coefficient
We define:

N, eff
D pot

where:

e ¢ = 1means all directions are accessible, ® @ < 1means space is constrained.
This coefficient becomes a tool for modeling physical states.

6.3. Directional Physics of Trajectories

In a discrete space, a trajectory is no longer a continuous line. It becomes a sequence of
fundamental directions:

{d,,d,, ds,...,d,}
where each direction d;belongs to the set:
di € Dpot(R)

Particle trajectories are therefore directional transitions, influenced by the internal
structure of space.

6.4. Directional Photonics



Lightis a directional phenomenon. Its propagation depends on local directional density.

We can write:

where:

¢ cis the maximal speed in isotropic space, ® ais the directional activation coefficient.
Thus:

e in saturated space, a < 1, light slows down, ¢ in free space, a = 1, lightreaches c.
6.4.1. Directional Interpretation of Optical Phenomena

¢ Diffraction becomes directional redistribution. ¢ Interference becomes superposition of
directions. ¢ Polarization becomes directional selection. ® Dispersion becomes variation of
awith frequency.

6.5. Cosmic Rotation and Reorientation of Directions

If the Universe possesses a global rotation (), then internal directions are reoriented by:
AG=Q-t

This implies:

¢ an evolution of the number of effective dimensions over time, ® a reorientation of
potential directions, ® a cosmological directional dynamics.

Cosmic rotation becomes a determining factor in the directional structure of space.
6.6. Modeling Physical States Through Directional Activation
Physical states can be described by variations of a. For example:

* Free state:

a~=1
* Constrained state:

a<l1
¢ Saturated state:

a1

This approach makes it possible to model:



e state transitions, ® quantum phenomena, ® emergent behaviors, ® propagation limits.
6.7. Synthesis of Applications
Potential dimensions make it possible to:

* model particles as directional spaces, ® define a number of effective dimensions,
understand trajectory dynamics, ® explain directional photonics, ® integrate cosmic
rotation into internal geometry.

They constitute a unified framework for a physics in which space is discrete, oriented, and
dynamic.

Chapter 7— Conclusion

The notion of potential dimensions introduces a profound transformation in our
understanding of space. By replacing the static axes of classical geometry with a discrete
set of fundamental directions, this model reveals an internal structure of space that is at
once granular, dynamic, and oriented.

Starting from a sphere of radius R, subdivided down to the minimal granularity imposed by
the Planck length [p, we have shown that the maximal number of directions accessible
from a pointis given by:

4TR?

7

Dpot(R) =

This simple expression, yet of major conceptual significance, establishes that space
possesses a finite directional capacity, measurable and dependent on its internal
geometry. Dimensions are no longer mathematical abstractions: they become physical
orientations, quantified by the fundamental structure of space.

This framework makes it possible to interpret particles as directional spaces, trajectories
as sequences of fundamental transitions, and light as a propagation dependent on local
directional density. It also provides a basis for understanding variations in the number of
effective dimensions, which reflect local constraints, density, energy, and cosmological
dynamics.

By integrating the possibility of a global rotation of the Universe, this model shows that
fundamental directions are not immobile: they are continuously reoriented, giving space a
living and evolving nature. Thus, potential dimensions describe not only what space is, but
what it can become under the influence of cosmological dynamics.



This document establishes the foundations of a directional physics in which space is no
longer a passive framework, but an active, discrete, and oriented structure. Potential
dimensions constitute a powerful conceptual tool, capable of redefining the way we
understand geometry, matter, light, and the dynamics of the Universe.

They open the way to a new physics, where every point in space possesses a measurable
directional richness, and where phenomena emerge from the internal structure of space
itself.
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