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ABSTRACT

This paper presents a novel geometric model that derives both quantum mechanical and relativistic
phenomena from first principles of nested rotating higher-n fractal hyperspheres. Through a series of
mathematical analyses, we establish the fundamental premises, including the stereographic projection
of rotating hyperspheres onto the complex plane, tracing out helical worldlines characterized by an
angular velocity w and radii r1, 7. Key results include deriving the velocity of light, gravitational
and quantum constants from geometric w/r ratios, formulating uncertainty principles and wave
phenomena from w/r fluctuations, and scale recursion relations connecting different levels.
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Glossary

Angular momentum: The quantity that represents the rotational motion of an object. In the geometric hypersphere
model, angular momentum is quantized and plays a crucial role in determining the allowed radii and energy
levels of particles.

Angular velocity (w): The rate at which an object rotates around an axis. In the geometric hypersphere model, the
angular velocity w is a fundamental parameter that characterizes the rotational dynamics of the hyperspheres
and is related to the speed of light and the radius of particles.

Emergence: The process by which complex phenomena arise from simpler underlying components or rules. In the
context of the geometric hypersphere model, quantum phenomena and the structure of spacetime emerge from
the rotational dynamics of the hyperspheres.

Helical worldlines: The trajectories traced by particles in spacetime, which have a helical shape in the geometric hyper-
sphere model. These worldlines arise from the rotational dynamics of the hyperspheres and are characterized
by the angular velocity w and the radius 7.

Hypersphere: A generalization of a sphere to higher dimensions. In the geometric hypersphere model, hyperspheres
are the fundamental building blocks of reality, and their rotational dynamics give rise to the observed quantum
and relativistic phenomena.

Quantization: The process by which a physical quantity is restricted to discrete values. In the geometric hypersphere
model, the angular momentum and the allowed radii of particles are quantized, leading to the discrete energy
levels and the wave-particle duality of quantum mechanics.

Rotational dynamics: The study of the rotational motion of objects. In the context of the geometric hypersphere
model, rotational dynamics refers to the rotational motion of hyperspheres, which gives rise to the observed
quantum and relativistic phenomena.

Scaling factor ()\): A parameter that relates quantities at different scales. In the geometric hypersphere model, the
scaling factor A connects the local dynamics at the quantum scale to the global properties of the Fractal
quantized sphere and plays a crucial role in determining the hierarchy of angular velocities and the emergence
of quantum phenomena.

Speed of light (c): The speed at which light travels in a vacuum. In the geometric hypersphere model, the speed of
light is related to the derivative of the product of the angular velocity and the radius, evaluated at the radius of
a particle or the scale of the Fractal quantized sphere.

Stereographic projection: A mapping that projects a sphere onto a plane. In the geometric hypersphere model,
stereographic projection is used to map the rotational dynamics of hyperspheres onto the complex plane,
allowing for a simplified representation of the helical worldlines.

Uncertainty principle: A fundamental principle in quantum mechanics that states that the product of the uncertainties
in certain pairs of physical quantities, such as position and momentum, is always greater than or equal to a
specific value. In the geometric hypersphere model, the uncertainty principle arises from the fluctuations in the
radii and the angular velocity of the hyperspheres.

Unification: The process of bringing together different theories or concepts under a single framework. The geometric
hypersphere model aims to unify quantum mechanics and general relativity by deriving their fundamental
principles from the rotational dynamics of hyperspheres and establishing a common geometric foundation for
both theories.

Wave-particle duality: The concept in quantum mechanics that particles exhibit both wave-like and particle-like
properties. In the geometric hypersphere model, the wave-particle duality emerges from the helical worldlines
traced by particles, which arise from the rotational dynamics of the hyperspheres.



1 Introduction

The quest for a unified theory that reconciles quantum mechanics and general relativity has been a long-standing
challenge in physics. Despite their tremendous success in describing the subatomic and cosmic realms, respectively,
these two theories have remained stubbornly incompatible at the most fundamental level. Our work aims to bridge this
gap by presenting a novel geometric model that derives both quantum and relativistic phenomena from first principles
of rotating nested spheres represented by higher-n fractal hyperspheres.

The primary research questions addressed in this paper are:

1. Can quantum mechanical and relativistic phenomena be derived from a common geometric framework based
on rotating hyperspheres?

2. What is the role of the fundamental angular velocity w and radius 71, 2 in the emergence of physical spacetime
and the observed constants of nature?

3. How can uncertainty principles, wave phenomena, and gravitational effects be formulated within this geometric
model?

While several attempts have been made to unify quantum mechanics and general relativity, most approaches have relied
on introducing new mathematical frameworks or extending existing theories. Prominent examples include string theory
[1]] and loop quantum gravity [2], and various canonical and sum-over-histories formulations.

Our geometric model takes a fundamentally different approach by deriving both quantum and relativistic phenomena
from first principles of rotating higher-n fractal hyperspheres. This approach was inspired by a discussion with my son
after he brought home a penrose diagram from a popular physics talk, its similarity to an atom along with the simple
idea that there can’t be a plank limit at the bottom without one at the top suggested that spacetime could emerge from
the dynamics of higher-n fractal structures.

However, our model differs significantly from a number of our previous efforts in its explicit incorporation of the
fundamental angular velocity w and radii r1, r2 as the primary variables governing the emergence of physical phenomena.
Additionally, our model aims to derive the observed constants of nature, such as the speed of light, gravitational constant,
and Planck constant, from geometric relationships rather than treating them as separate axioms.

2 Fundamental Premises

In our model, we consider hyperspheres S, in (n + 1) dimensions, defined by the equation[3]]:

Zx? =2 (1)

where r is the radius of the hypersphere, and z; are the Cartesian coordinates in the (n + 1) n fractal space.

To project these hyperspheres onto the complex plane, we employ the stereographic projection[4] mapping f : S,, — C,
given by:

x1 + 1o
Pa——— @
1= Ziigl ;7
This projection allows us to visualize the dynamics of the rotating hyperspheres in a more tractable manner, facilitating
our analysis of their geometric properties.

f(xl,x% e ,$n+1) =

Central to our model is the concept of helical worldlines traced by the rotating radii ; and ry at an angular velocity w.
These helical trajectories are described by the parametric equations[3]:

x(t) = r(t) cot(wt) (3)
y(t) = r(t) csc(wt) 4)

where r(t) represents the time-dependent radius of the hypersphere.

To derive the helical worldline equations, we start with the stereographic projection of a rotating hypersphere onto the

complex plane:

r1(t) + ira(t

z(t)zil() n+f(2) )
1- Zi:S €Ty



Assuming that the rotation occurs in the x1-z5 plane, we have:

r1(t) = r(t) cos(wt)
ro(t) = r(t) sin(wt)

Substituting these expressions into the stereographic projection equation and separating the real and imaginary parts,
we obtain:

7(t) cos(wt)
r(t) sin(wt)

Im(=(1)) = T3

= r(t) csc(wt)
These equations correspond to the parametric equations for the helical worldlines, 2(¢) and y(t), respectively.

2.1 Nested Fractal Spheres

In our geometric model, we consider a hierarchy of nested fractal spheres, each characterized by its own angular velocity
w and radius r. These spheres can be thought of as atoms of spacetime (AOS) representing different scales or levels of
description within the same spacetime manifold.

Just as atoms are the building blocks of matter, the nested fractal spheres are the fundamental constituents of spacetime
in our model. Each AOS has its own intrinsic properties, determined by the angular velocity w and radius 7, which give
rise to the local characteristics of space, time, and matter at that particular scale.

The nested structure of the spheres resembles a fractal geometry, where similar patterns and properties emerge at
different scales. This fractal nature suggests that the AOSare not isolated entities but rather part of a recursive,
self-similar structure that spans from the smallest scales to the largest.

2.2 X-Intercepts as '"'Spacetime Molecules'

We can extend the analogy of nested fractal spheres as AOSto consider the x-intercepts of the helical worldlines as
analogous to "molecules" of spacetime. Just as molecules are composed of atoms bonded together, the x-intercepts can
be seen as the result of the interactions and collective behavior of the AOS at a specific scale.

The x-intercepts are characterized by the allowed radii, which are determined by the quantization of angular momentum
in the geometric model. These allowed radii can be interpreted as the "energy levels" or "orbitals" of the "spacetime
molecules," analogous to the electronic orbitals in atomic and molecular physics.

The angular velocity w plays the role of a "quantum clock" that governs the rotational dynamics and interactions of the
AOS. The quantization of angular momentum in the model corresponds to the quantization of energy levels in atomic
systems, with the allowed radii at the x-intercepts representing the "quantum states" of the "spacetime molecules."

The emergence of the x-intercepts as "spacetime molecules" can be understood as a consequence of the collective
behavior and interactions of the AOS at different scales. The intrinsic angular velocity w of each "atom" determines its
rotational dynamics and contributes to the overall properties and structure of the "molecules."”

By extending the analogy to consider the x-intercepts as "spacetime molecules," we can gain insight into the hierarchical
structure of spacetime and the emergence of distinct properties and phenomena at different scales. This perspective
reinforces the idea that the fundamental building blocks of spacetime, the "atoms," give rise to the observed physical
properties through their interactions and collective behavior.

The "molecular” level represented by the x-intercepts can be seen as the scale between the fundamental "atomic" level
and the macroscopic scales described by general relativity. By studying the properties and dynamics of the "spacetime
molecules," we can bridge the gap between the quantum and classical regimes and gain a deeper understanding of the
scale-dependent nature of physical laws.

2.3 Interactions and Emergence

The AOS at different levels of the hierarchy interact and influence each other through their rotational dynamics and
geometric relationships. These interactions give rise to the emergent properties of spacetime and matter that we observe
in the physical world.



At the microscopic scales, the interactions between the AOS manifest as the quantum mechanical properties of particles
and fields, such as wave-particle duality, entanglement, and the uncertainty principle. These properties emerge from the
coupled rotational dynamics and the recursive structure of the nested fractal spheres.

At the macroscopic scales, the collective behavior of the AOS gives rise to the smooth, continuous spacetime described
by general relativity. The local curvature of spacetime emerges from the geometric properties and rotational dynamics
of the nested fractal spheres, leading to the observed phenomena of gravity and the large-scale structure of the Fractal
quantized sphere.

The fundamental constants of nature, such as the speed of light ¢, the gravitational constant GG, and the Planck constant
h, can be understood as encoding the relationships and interactions between the AOS at different levels of the hierarchy.

2.4 Unification and Scale-Dependence

By adopting the analogy of nested fractal spheres as AOSm our geometric model aims to provide a unified description
of quantum mechanics and general relativity from first principles. The model suggests that the apparent incompatibility
between these two theories arises from the scale-dependent nature of the emergent physical properties.

At the quantum scale, the AOS exhibit distinct, discrete behavior, leading to the probabilistic and non-local phenomena
of quantum mechanics. At the macroscopic scale, the collective dynamics of the "spacetime molecules" give rise to the
continuous, deterministic spacetime of general relativity.

The transition between these two regimes is governed by the recursive structure and the scale-dependent interactions
of the nested fractal spheres. By studying the properties and dynamics of the AOS across different scales, we can
bridge the gap between quantum mechanics and general relativity, providing a unified framework for understanding the
fundamental laws of physics.

The scale-dependence of physical properties in our model also suggests that the fundamental constants may not be truly
constant but rather emergent quantities that depend on the level of description and the interactions between the AOS at
different scales.

This perspective of nested fractal spheres as AOS offers a novel approach to unifying quantum mechanics and general
relativity, while also shedding light on the origin and nature of the fundamental constants and the scale-dependent
behavior of physical laws.

3 Emergent Arrow of Time and Thermodynamics

3.1 Increasing Energy and the Arrow of Time

In the geometric hypersphere model, the helical worldlines traced by the rotating hyperspheres exhibit a natural
directionality that can be associated with the arrow of time. As the hyperspheres rotate and project onto the complex
plane, the energy along the helical path increases monotonically. This increasing energy can be understood as an
emergent phenomenon arising from the geometric properties of the model, rather than an external force or imposition.

The helical projection of the hyperspheres is described by the parametric equations:

x(t) = r(t) cot(wt) (6)
(t) csc(wt) (7
where r(t) is the time-dependent radius of the hypersphere and w is the angular velocity.

As the parameter ¢ increases, the energy associated with the helical path also increases. This can be seen by considering
the kinetic energy of a particle traversing the helical worldline[6]:

1 dr\? dy 2

Substituting the expressions for z(¢) and y(¢), we find that the kinetic energy increases with ¢, even if the radius r ()
remains constant. This suggests that the arrow of time emerges naturally from the geometric structure of the helical
worldlines, as a consequence of the increasing energy along the path.

where m is the mass of the particle.



3.2 Uncertainty, Intercepts, and the 2nd Law of Thermodynamics

The arrow of time in the geometric hypersphere model can also be linked to the 2nd law of thermodynamics, which
states that the total entropy of an isolated system always increases over time. This connection can be understood by
examining the relationship between the uncertainties in the model and the x-intercepts of the helical worldlines.

As discussed in previous sections, the x-intercepts correspond to the allowed radii of the hyperspheres, which are
determined by the quantization of angular momentum. The y-coordinate at these intercepts is related to the uncertainty
in the angle 6:

Yn = Tp csc(wity,) & Ar; 9)

where r,, is the allowed radius at the n-th intercept, ¢,, is the corresponding time, and A6, is the uncertainty in the
angle.

As the helical worldline progresses, the uncertainty Af,, increases due to the accumulation of uncertainties at each
intercept. This increase in uncertainty can be associated with an increase in entropy, as the system becomes less ordered
and more chaotic over time.

The increasing entropy along the helical worldline can be quantified using the Boltzmann entropy formula[7]:

S = kp In(Q) (10)

where S is the entropy, kg is the Boltzmann constant, and €2 is the number of microstates consistent with the macroscopic
state of the system.

In the geometric hypersphere model, the number of microstates {2 can be related to the uncertainty in the angle A6,,.
As Ad,, increases, the number of possible microstates also increases, leading to an increase in entropy.

By linking the increasing uncertainty at the x-intercepts to the increase in entropy, we can establish a connection
between the emergent arrow of time in the geometric hypersphere model and the 2" law of thermodynamics. The
directionality of time arises naturally from the accumulation of uncertainties along the helical worldline, leading to an
increase in entropy and the irreversibility of thermodynamic processes.

This connection provides a geometric interpretation of the arrow of time and the 2" law of thermodynamics, grounding
these concepts in the fundamental properties of the hypersphere model. It suggests that the directionality of time and
the irreversibility of thermodynamic processes are inherent to the geometric structure of spacetime, rather than being
imposed from outside.

3.3 Self-Similarity and the Arrow of Time

The geometric hypersphere model suggests that the arrow of time emerges from the increasing energy and entropy
along the helical worldlines. This increasing energy can be understood as a consequence of the self-similar nature of
quanta and fractal quantized spheres within the model.

At each scale, the wavefronts can be viewed as expanding fractal quantized spheres for observers at a smaller scale. The
increase in energy and entropy along the helical path at one scale corresponds to the evolution of a fractal quantized
sphere at a smaller scale. This self-similarity implies that the arrow of time is a fundamental property of the geometric
structure of the model, present at all scales.

The derivation of the energy, density, and volume uncertainties at the x-intercepts for the electron demonstrates this
self-similarity. The increasing energy of the electron along its helical path can be interpreted as the evolution of a Fractal
quantized sphere at a smaller scale, with the x-intercepts representing "mini bang-crunch" cycles. This connection
between the quantum scale and the cosmological scale highlights the unified nature of the arrow of time within the
geometric hypersphere model.

4 Entropy Resetting at Quantized Intercepts

4.1 Quantized Intercepts and Entropy

In the geometric hypersphere model, the helical worldlines traced by the rotating hyperspheres are punctuated by
quantized intercepts, which correspond to the allowed radii of the hyperspheres. These intercepts play a crucial role in



the behavior of entropy along the helical path, as they effectively reset the entropy at each step, leading to a staircase-like
pattern of entropy increase.

To understand how this resetting occurs, let’s recall the expression for the y-coordinate at the x-intercepts:
Tn

Yn = Ty csc(wity,) = A0 a1

where 7, is the allowed radius at the n-th intercept, t,, is the corresponding time, and A#,, is the uncertainty in the
angle.

As the helical worldline progresses from one intercept to the next, the uncertainty Af,, accumulates, leading to an
increase in entropy. However, at each intercept, the allowed radius r,, changes discontinuously due to the quantization
of angular momentum. This discontinuous change in radius effectively resets the uncertainty A6, to a lower value,
corresponding to the new allowed radius.

The resetting of the uncertainty at each intercept can be understood as a consequence of the quantization of angular
momentum, which imposes a discrete set of allowed radii. When the helical worldline reaches an intercept, the system’s
state is constrained to the allowed radius, reducing the uncertainty and the associated entropy.

4.2 Entropy Staircase and the 2" Law of Thermodynamics

The resetting of entropy at each quantized intercept leads to a characteristic staircase-like pattern of entropy increase
along the helical worldline. Between intercepts, the entropy increases smoothly due to the accumulation of uncertainties,
following the 2nd law of thermodynamics. However, at each intercept, the entropy is reset to a lower value, corresponding
to the reduced uncertainty associated with the new allowed radius.

This staircase pattern of entropy can be visualized as follows:

S

Figure 1: Staircase pattern of entropy

In this diagram, the horizontal axis represents time ¢, and the vertical axis represents entropy .S. The solid line shows the
staircase-like increase of entropy, with discontinuous jumps at the quantized intercepts (indicated by the dashed lines).

Despite the resetting of entropy at each intercept, the overall trend of entropy increase remains consistent with the 2nd
law of thermodynamics. The staircase pattern can be seen as a series of local applications of the 2nd law, with each
smooth increase in entropy between intercepts following the expected thermodynamic behavior.

The resetting of entropy at the quantized intercepts can be interpreted as a consequence of the discrete nature of the
allowed states in the geometric hypersphere model. The quantization of angular momentum imposes constraints on the
system’s states, leading to a reduction in uncertainty and entropy at each intercept.

4.3 Implications for the Arrow of Time
The resetting of entropy at quantized intercepts has important implications for the arrow of time in the geometric

hypersphere model. While the overall trend of entropy increase remains consistent with the thermodynamic arrow of
time, the staircase pattern introduces a novel feature that distinguishes the model from classical thermodynamics.
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The discrete jumps in entropy at the intercepts can be seen as a signature of the quantum nature of the geometric
hypersphere model. The quantization of angular momentum and the resulting allowed radii introduce a fundamentally
discrete aspect to the behavior of entropy, which is absent in classical thermodynamics.

This discreteness may have implications for our understanding of the nature of time and its relationship to quantum
mechanics. The staircase pattern of entropy suggests that the arrow of time may have a quantum character, with discrete
steps punctuating the otherwise smooth increase of entropy.

Furthermore, the resetting of entropy at the intercepts may provide insight into the relationship between the arrow of
time and the quantum measurement process. The collapse of the wave function during a measurement can be seen as
analogous to the discontinuous change in radius at an intercept, leading to a reduction in uncertainty and entropy.

Exploring these connections between the quantized intercepts, entropy resetting, and the quantum nature of time is an
important direction for future research in the geometric hypersphere model. By understanding the interplay between
these concepts, we may gain new insights into the fundamental nature of time and its relationship to quantum mechanics
and thermodynamics.

4.4 Collapsing Radii and Angular Uncertainty

The resetting of entropy at the quantized intercepts in the geometric hypersphere model can be understood as a collapse
of the radii r; and 5 to the allowed values. This collapse is analogous to the collapse of the wave function during a
quantum measurement, as it reduces the uncertainty in the system’s state.

In the model, the radii r; and r5 represent the distribution of mass or energy in the system. As the helical worldline
progresses, the radii fluctuate and evolve, corresponding to changes in the mass distribution. At the intercepts, the radii
collapse to the allowed values, redistributing the mass or energy in the system.

The angular uncertainty Af is related to the distribution of the radii in the angular direction. As the radii fluctuate,
the angular uncertainty changes, reflecting the changing mass or energy distribution in the angular coordinate. At the
intercepts, the collapse of the radii reduces the angular uncertainty, as the mass or energy distribution becomes more
localized in the angular direction.

This reduction in angular uncertainty is analogous to the reduction in uncertainty that occurs during a quantum
measurement. The collapse of the radii to the allowed values can be seen as a measurement of the system’s state, forcing
it into one of the eigenstates of the observable being measured (in this case, the allowed radii).

The interplay between the collapsing radii, the angular uncertainty, and the resetting of entropy at the quantized
intercepts highlights the deep connections between quantum mechanics, thermodynamics, and the geometric nature of
the hypersphere model. By understanding these connections, we can gain new insights into the fundamental nature of
time, measurement, and the quantum-classical transition.

4.5 Wavefront Collapse and Cosmological Expansion

The collapse of the radii at the quantized intercepts in the geometric hypersphere model can be seen as a localized
"mini-bang" event, where the mass and energy of the system are concentrated into a single point. To explore the
connection between this process and cosmological expansion, we can use the form of the scale factor R(t) from our
model in the Friedmann equations|[8]]:

L\ 2
R 81G kc?
<R> =S e (12)
R 4rG 3p
—_ = —— —_ 1
R 3 (” c2) (13)

Here, R(t) is proportional to the square root of the area under the curve between intercepts:

R(t) o< \/T? +1r2A0 (14)

We can further relate these equations to the density function p(r) that describes the centrifugal density flip-flop in the
geometric hypersphere model:

11



2
p(r) = po (%O) cos?(wt) (15)

Substituting this density function into the modified Friedmann equations yields:

N\ 2
R\  8nG T0\2 o kc?
(R) = 00 (7) cos®(wt) — Tz (16)
R _ AnG ro\2 o 3p
=3 (po (7) cos”(wt) + 02> (17)

These equations suggest that the evolution of the "molecule” (the area under the curve between intercepts) following the
collapse of the radii at the intercepts is governed by the centrifugal density flip-flop, which gives rise to gravity and
electromagnetic waves in the model.

The oscillatory nature of the density function p(r) could lead to oscillations in the expansion rate of the "molecule”, as
well as alternating periods of acceleration and deceleration. This behavior is reminiscent of the cosmological expansion
described by the Friedmann equations, suggesting a deep connection between the microscopic processes of wavefront
collapse and the macroscopic evolution of the Fractal quantized sphere.

Further exploring this connection could lead to new insights into the nature of gravity, the origin of the Fractal quantized
sphere, and the relationship between quantum mechanics and cosmology. By studying the geometric hypersphere model
and its implications for the evolution of the "molecule" following wavefront collapse, we may be able to develop a
more unified understanding of the fundamental laws of physics and the processes that govern the Fractal quantized
sphere at all scales.

4.6 Wavefronts as Clouds and Collapses as Points

The density fluctuations in the geometric hypersphere model, which give rise to the waves in spacetime, can be
interpreted as a sequence of "big bang" and "big crunch" events. In this view, the expansion of the hypersphere
corresponds to an increase in uncertainty and a "big bang"-like event, while the collapse of the hypersphere represents a
decrease in uncertainty and a "big crunch"-like event.

At the local level, this process manifests as a wavefront-collapse-wavefront-collapse sequence, which can be seen as a
smaller-scale version of the "big bang" and "big crunch" events. This suggests that the wavefronts are cloud-like states
characterized by increased uncertainty, while the collapses are point-like states characterized by decreased uncertainty.

The oscillation between these two states, driven by the expanding and contracting radii of the hyperspheres, creates a
"wah-wah" effect that gives rise to the observed wave-like behavior in spacetime. As the hyperspheres oscillate between
expansion and collapse, the wavefronts and collapses alternate, reflecting the fundamental interplay between uncertainty
and localization in the geometric hypersphere model.

This interpretation has important implications for our understanding of the nature of wavefronts and the collapse process.
If wavefronts are indeed cloud-like states, it suggests that they have a non-zero spatial extent and exhibit a degree of
uncertainty in their properties. On the other hand, if collapses are point-like states, it implies that they represent a
localization of energy and a reduction in uncertainty.

The oscillation between these two states can be seen as a manifestation of the fundamental uncertainty principle in
the geometric hypersphere model. As the hyperspheres expand and contract, the balance between uncertainty and
localization shifts, giving rise to the observed wave-particle duality and the quantum-like behavior of spacetime.

This view of wavefronts as clouds and collapses as points provides a new perspective on the nature of the wave-like
phenomena in the geometric hypersphere model. It suggests that the observed waves in spacetime are not merely
fluctuations in density, but rather a manifestation of the fundamental oscillation between expansion and contraction,
uncertainty and localization.

By incorporating this interpretation into the model, we can gain a deeper understanding of the connection between the
microscopic dynamics of the hyperspheres and the macroscopic behavior of spacetime. It also highlights the potential
of the geometric hypersphere model to provide a unified description of the quantum and cosmological aspects of reality,
bridging the gap between the smallest and largest scales of the Fractal quantized sphere.
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4.7 Density Uncertainty and its Pairing with Volume

The interpretation of wavefronts as centrifugal expansion clouds and collapses as points in the geometric hypersphere
model suggests that density fluctuations play a crucial role in the behavior of spacetime. This raises the question of
whether density should be considered a fundamental derivative of the centrifugal force generated in the model, as a
consequence of the radius and the angular velocity w.

If density is important consequence, it would be natural to expect an associated uncertainty. This density uncertainty
would represent the inherent fluctuations or variations in the density of the hyperspheres as they undergo centrifugal
expansion and energetic contraction.

To identify the potential pair for the density uncertainty, we can draw inspiration from the canonical pairs in quantum
mechanics, such as position and momentum or energy and time. These pairs are related by the uncertainty principle,
which states that the product of their uncertainties is bounded by a fundamental constant.

In the case of density uncertainty, a possible pair could be the "volume" or "size" of the hypersphere. Just as position and
momentum are complementary variables in quantum mechanics, density and volume could be seen as complementary
variables in the geometric hypersphere model.

The uncertainty principle for density and volume would then take the form:

Ap-AV >C (18)

where Ap is the density uncertainty, AV is the volume uncertainty, and C' is a fundamental constant that sets the scale
of the inequality.

This uncertainty principle would imply that the product of the density and volume uncertainties is always greater than
or equal to a certain value, reflecting the fundamental complementarity between these two quantities.

The introduction of a density uncertainty and its pairing with volume could have important implications for the geometric
hypersphere model. It would suggest that the dynamics of the hyperspheres are not solely governed by the radius and
the angular velocity w, but also by the resulting fluctuations in density and volume.

These fluctuations could be related to the "wah-wah" oscillation between wavefronts and collapses, with the density
uncertainty driving the expansion and contraction of the hyperspheres. The volume uncertainty, in turn, would be
related to the spatial extent of the wavefronts and the localization of the collapses.

Incorporating density uncertainty and its pairing with volume into the geometric hypersphere model could provide a
more complete description of the dynamics of spacetime. It would allow us to capture the role of density fluctuations in
the emergence of the observed wave-like phenomena and the quantum-like behavior of spacetime.

Furthermore, the introduction of a density-volume uncertainty principle could have implications for our understanding
of the fundamental constants and their relationships. The constant C in the uncertainty principle might be related to
other fundamental constants, such as the speed of light or the gravitational constant, through a combination of the
density and volume uncertainties.

Exploring the role of density uncertainty and its pairing with volume in the geometric hypersphere model could lead to
new insights into the nature of spacetime and the origin of the fundamental constants. It could also provide a framework
for unifying the quantum and cosmological aspects of reality, by relating the microscopic fluctuations in density and
volume to the macroscopic behavior of spacetime.

Volume-Density Uncertainty in the Geometric Hypersphere Model In this section, we derive the volume-density
uncertainty in the geometric hypersphere model using the same approach employed for the other uncertainties, expressing
it in terms of the radius 7 and the angular velocity w.

The volume of the hypersphere can be expressed as a function of the radius 7:

V=C,r" (19)

where V is the volume, (), is a constant that depends on the number of dimensions n, and r is the radius of the
hypersphere.

The density of the hypersphere is given by the ratio of its mass M to its volume V:
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= = 20
F=v Cprm 20)
The uncertainty in the volume AV can be expressed in terms of the uncertainty in the radius Ar:
AV = nC,r" tAr 21

Similarly, the uncertainty in the density Ap can be expressed in terms of Ar and AM, the uncertainty in the mass:

1\’ —nM \?
Ap:%(amJ(AMP+<a;HJ (A .

Using the uncertainty principle relating the radius and the angular velocity w:

h
Ar - Aw > 3 (23)
we can express Ar in terms of w and Aw:
h
Ar > 24
"= %AW @4
Substituting this expression into the equations for AV and Ap, we obtain:
nCpr™" 1h
AV > — 25
T 2wAw 25

1\’ —aM \*( h \?
oz () am (220 () 29

Combining AV and Ap, we arrive at the volume-density uncertainty relation:

nh 1\? —nM\? h 2
AV.ApZQwAw\/(r) (AM)2+< r2 ) <2wAw) @7

This expression relates the volume-density uncertainty to the radius r, the angular velocity w, and the uncertainties in
the mass AM and the angular velocity Aw. It shows that the volume-density uncertainty is proportional to the Planck
constant / and inversely proportional to the product of the angular velocity w and its uncertainty Aw. The uncertainty
also depends on the ratio of the mass uncertainty AM to the radius r, as well as the number of dimensions 7.

Volume-Density Uncertainty and Area Under the Curve In the geometric hypersphere model, the volume-density
uncertainty relation can be reduced using the relationship between the Planck constant & and the angular velocity w and
radius 7:

~ wr? (28)

Substituting this into the volume-density uncertainty relation and simplifying, we obtain:

nr? AM 2 —nM 2
. >
AV Ap_w( MY () 9)

Considering the x-intercepts of the helical worldlines as the allowed radii of the hyperspheres, we can interpret this
relation within the context of the area under the curve between two consecutive x-intercepts, approximated by:
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A~ ﬂ(T% — Tf) (30)

where 71 and r are the radii at the two consecutive x-intercepts.

The average radius 7 between the x-intercepts can be related to the area A and the radius difference Ar = (ro —r1)/2:

RPN (Ar)? (31)
Y

Substituting this into the reduced volume-density uncertainty relation, we get:

A AM —nM\?
AV - Ap > % ( i (AT)Q) S (ﬁ) (32)
w ™ % + (A’I")Q w

Now, let’s incorporate the mass-radius relationship M o 1/r into the derivation. We can express the mass M in terms
of the average radius 7:

k k
mM=rk___F (33)
T % + (Ar)?
where k is a proportionality constant.
Substituting this into the modified volume-density uncertainty relation:
2 2
A AM —nk
AV -Ap> ( + (Ar)2> o o (34)
20w \ 7 44 (Ar)? 2Aw (2 + (Ar)?)

This final form of the volume-density uncertainty relation incorporates the area A under the curve between two x-
intercepts, the radius difference Ar, the mass uncertainty A M, the angular velocity uncertainty Aw, and the mass-radius
relationship M o 1/r.

While the mass-radius relationship does not lead to a significant simplification of the equation, it provides a more
consistent treatment of mass within the context of the geometric hypersphere model. The inverse relationship between
mass and radius suggests that smaller radii correspond to higher mass concentrations, which could have implications
for the compression and expansion dynamics.

The modified volume-density uncertainty relation reinforces the idea that the uncertainties in volume and density are
influenced by the size of the compression-expansion cycle (area A), the rapidity of the transition (radius difference Ar),
and the uncertainties in mass and angular velocity. The inclusion of the mass-radius relationship further highlights the
interconnectedness of these quantities and their role in shaping the quantum-like behavior of spacetime in the model.

In conclusion, the reduced volume-density uncertainty relation, when considered within the context of the area under
the curve between x-intercepts and the mass-radius relationship, provides a more comprehensive picture of the interplay
between uncertainties and geometric properties in the geometric hypersphere model. This perspective strengthens the
connection between the quantum-like behavior of spacetime and the dynamics of compression and expansion, offering
new insights into the nature of gravity and the unification of quantum mechanics and general relativity.

4.8 Wavefronts as Fractal quantized spheres in Smaller Quanta

The geometric hypersphere model suggests that wavefronts at one scale can be viewed as expanding Fractal quantized
spheres for observers at a smaller scale. This idea is supported by the self-similar nature of quanta and Fractal quantized
spheres within the model.

At the x-intercepts, where the wavefronts collapse to a point and the entropy is reset to a lower value, the model predicts
a "mini bang-crunch" cycle. For observers at a smaller scale, this cycle would appear as the birth and evolution of a
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Fractal quantized sphere, with the collapse and re-expansion of the wavefront corresponding to the big bang and the
subsequent evolution of the Fractal quantized sphere.

The derivation of the energy, density, and volume uncertainties at the x-intercepts for the electron provides a concrete
example of this self-similarity. The collapse and re-expansion of the electron’s wavefront at the x-intercepts can be
interpreted as the birth and evolution of a Fractal quantized sphere at a smaller scale. The increasing energy and entropy
of the electron along its helical path correspond to the arrow of time within this smaller-scale Fractal quantized sphere.

This connection between wavefronts and Fractal quantized spheres at different scales highlights the unified nature of
the geometric hypersphere model. It suggests that the fundamental properties of space, time, and matter are emergent
properties of the underlying geometric structure, and that the laws of physics are self-similar across different scales.

Future research could explore the implications of this self-similarity for our understanding of the structure and evolution
of the Fractal quantized sphere. By investigating the correspondence between the quantum scale and the cosmological
scale within the geometric hypersphere model, we may gain new insights into the nature of time, entropy, and the origin
of the Fractal quantized sphere.

4.9 Energy, Density, and Volume Uncertainties at X-Intercepts for the Electron

To demonstrate the application of the geometric hypersphere model to a specific particle and to test the consistency of
the model with established physical principles, we perform a detailed derivation of the energy, density, and volume
uncertainties at the x-intercepts for the electron.

Given:

* Electron mass: m, ~ 9.11 x 1073 kg

* Electron charge: e ~ 1.60 x 107° C

» Compton wavelength of the electron: A\¢ ~ 2.43 x 1072 m
* Planck constant: h ~ 6.63 x 10734 J-s

Step 1: Calculate the angular velocity w, of the electron using the Compton wavelength.

2m-¢ 2w x 3 x 10% m/s

~ ~ 7.76 x 10%° rad/ 35
o 243x10-2m AT rads 35)

We =
Step 2: Estimate the radius . of the electron’s helical path using the Compton wavelength.

Ao 243 x 10712
pyoa N0 2A3XA0TIM g e 10 m (36)
2T 2T

Step 3: Calculate the energy E. of the electron using the angular velocity and radius.

1
Ee=~-(me-13) w?~ 3 % (9.11 x 1073 kg) x (3.86 x 107 m)? x (7.76 x 10*° rad/s)?* ~ 8.19 x 10~'*J (37)

€

N | =

Step 4: Compare the calculated energy with the known rest energy of the electron.

Frest = Me - ¢ = (9.11 x 1073 kg) x (3 x 10® m/s)? ~ 8.20 x 10717 (38)

The calculated energy E. is in excellent agreement with the known rest energy of the electron, supporting the validity
of the formulation.

Step 5: Relate the energy to the density formula and uncertainties at the x-intercepts.

Recall the volume-density uncertainty relation:

nh AM® nM o \? o\
AV -Ap > : .
Vi-apz 2wAw \/( r ) + <2wAw . T2> (2wAw> 39)
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At the x-intercepts, the wavefront collapses to a point, minimizing the volume uncertainty AV and maximizing the
density uncertainty Ap. We can estimate the density uncertainty at the x-intercepts using the energy E, and the radius
Tet

E. 19 x 1017 :
Ap~ - ~ 19 x10 - ~ 144 x 10'2 kg/m® (40)

$omerd 5w (3.86x 10713 m)

This value represents the maximum density uncertainty at the x-intercepts for the electron.

We can also estimate the volume uncertainty AV using the Heisenberg uncertainty principle:

h
AV - Ap > 3 41)
where Ap is the momentum uncertainty.
Using the de Broglie relation, we can express the momentum uncertainty in terms of the wavelength:
h 6.63 x 107347 s
Ap~ — ~ ~2.73 x 107 * kg - m/ 42
P30T 243%x10-2m g mis (42)
Substituting this value into the Heisenberg uncertainty principle, we get:
h/2 1.05 x 107347 -
av s "2 S ~1.92x10 3 m? 43)

= Ap T 2x273x1022kg - m/s
This value represents the minimum volume uncertainty at the x-intercepts for the electron.

Using these estimates for the density and volume uncertainties, we can verify that they satisfy the volume-density
uncertainty relation at the x-intercepts.

This derivation demonstrates how the energy of the electron increases along the helical path, and how the density
and volume uncertainties at the x-intercepts satisfy the volume-density uncertainty relation. These results support the
idea that the x-intercepts represent "mini bang-crunch" cycles, where the entropy is reset to a lower value due to the
reduction in uncertainty.

The calculations also provide a concrete example of how the geometric hypersphere model can be used to describe the
arrow of time at the quantum scale. By relating the increasing energy and entropy of the electron to the density and
volume uncertainties at the x-intercepts, we can better understand how the arrow of time emerges from the fundamental
geometric properties of the model.

Furthermore, this derivation highlights the potential for using real data to test and validate the predictions of the
geometric hypersphere model. By comparing the calculated energy of the electron to its known rest energy, we can
demonstrate the consistency of the model with established physical principles.

Future research could extend this analysis to other particles and explore the implications of the density and volume
uncertainties at the x-intercepts for the nature of space-time and the evolution of the Fractal quantized sphere within the
model. Additionally, more precise measurements of particle properties and the development of advanced experimental
techniques could provide further opportunities to test and refine the predictions of the geometric hypersphere model.

S Wavefunction Collapse and the Volume-Density Uncertainty

In the geometric hypersphere model, the concept of wavefunction collapse can be understood in terms of the volume-
density uncertainty derived in the previous section. The collapse of the wavefunction corresponds to a sudden reduction
in the uncertainty of the system’s state, which can be interpreted as a localization in the volume-density space.

Before the collapse, the system is described by a superposition of states with different volumes and densities, each
associated with a specific configuration of the hypersphere’s radius and angular velocity. This superposition is
characterized by a large volume-density uncertainty, reflecting the spread of possible states in the volume-density space.

During the collapse, the system undergoes a sudden transition from this superposition of states to a specific state with
a well-defined volume and density. This transition is accompanied by a dramatic reduction in the volume-density
uncertainty, as the system localizes to a particular point in the volume-density space.
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The collapse can be triggered by an interaction with the environment, such as a measurement or an observation, which
forces the system to "choose" one of the possible states in the superposition. The probability of collapsing to a specific
state is determined by the amplitude of that state in the superposition, in accordance with the Born rule of quantum
mechanics.

In the geometric hypersphere model, the collapse of the wavefunction can be visualized as a sudden contraction of the
hypersphere to a specific radius and angular velocity, corresponding to the selected state in the volume-density space.
This contraction is accompanied by a reduction in the uncertainty of the radius and the angular velocity, as well as a
reduction in the volume-density uncertainty.

The relationship between the volume-density uncertainty and the wavefunction collapse can be expressed as follows:

2 2 2
nh 1 —nM h
AV -Ap > — AM)? 44
p= QoJAw\/(r) (AM)* + < 72 > <2onJ) )
During the collapse, the right-hand side of this inequality approaches zero, as the uncertainties in the radius (Ar), the

angular velocity (Aw), and the mass (A M) are dramatically reduced. This reduction in the uncertainties corresponds to
the localization of the system to a specific state in the volume-density space.

The concept of wavefunction collapse in the geometric hypersphere model provides a geometric interpretation of the
quantum measurement process and the transition from a superposition of states to a specific state. It highlights the role
of the volume-density uncertainty in describing the spread of possible states before the collapse and the localization of
the system during the collapse.

By incorporating the volume-density uncertainty into the description of wavefunction collapse, the geometric hy-
persphere model offers a new perspective on the nature of quantum measurements and the relationship between the
microscopic and macroscopic aspects of reality. It suggests that the collapse of the wavefunction is intimately connected
to the geometry of spacetime and the fundamental uncertainties that govern the dynamics of the hyperspheres.

5.1 Wavelength Density Connection

To establish a stronger connection between the wavelength and the collapse of a wavefront in the context of the volume-
density uncertainty relation, we can consider the de Broglie wavelength, which is associated with the wave-particle
duality of matter.

The de Broglie wavelength is given by:

where h is the Planck constant, p is the momentum, m is the mass, and v is the velocity of the particle.

In our geometric hypersphere model, the collapse of a wavefront corresponds to the transition from a "cloud" state
with higher uncertainty to a "point" state with lower uncertainty. This collapse occurs at the x-intercepts of the helical
worldlines, where the radii r; and 75 collapse to the allowed values.

We can relate the de Broglie wavelength to the volume-density uncertainty relation by considering the mass and velocity
uncertainties at the moment of wavefront collapse. The mass uncertainty AM can be expressed in terms of the density
uncertainty Ap and the volume uncertainty AV:

AM = Ap- AV (46)

Similarly, the velocity uncertainty Awv can be related to the angular velocity uncertainty Aw and the radius r at the
moment of collapse:

Av=r-Aw 47

Substituting these expressions into the de Broglie wavelength formula, we obtain:

h h

/\:m~r~Aw:Ap-AV-r~Aw

(48)
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Now, we can relate this expression to the volume-density uncertainty relation:

nh 1 M\ 2 h 2
AV - Ap > —(AM)? 4
V-Ap =z 2wAw \/7’2( )+ ( r2 ) (2wAw> “49)

By measuring the wavelength A associated with the collapse of a wavefront and estimating the angular velocity
uncertainty Aw and the radius r at the moment of collapse, we can test the consistency of the volume-density
uncertainty relation.

For example, if we measure a wavelength )\ that is compatible with the predicted value based on the volume-density
uncertainty relation, it would provide empirical support for the connection between the collapse of a wavefront and the
geometric properties of the hyperspheres.

This approach strengthens the link between the wavelength and the density predictions of the model, as it directly
relates the de Broglie wavelength to the volume-density uncertainty relation at the moment of wavefront collapse. By
testing this relationship experimentally, we can further validate the geometric hypersphere model and its ability to unify
quantum mechanics and general relativity.

5.2 Testing the Connection

test the relationship between the de Broglie wavelength and the volume-density uncertainty relation using known data
for the electron.

Given:

Electron mass: m. ~ 9.11 x 1073! kg Planck constant: h ~ 6.63 x 10~3* J.s Angular velocity of the electron:
we = 1.76 x 10! rad/s Classical electron radius: r. ~ 2.82 x 107! m Step 1: Estimate the angular velocity
uncertainty Aw, using the angular uncertainty principle[9]].

2w,

Al - Awe > —— (50)
VR,
Assuming A6, ~ 1rad and r1, ~ rg. =~ 7., We have:
2 2 x 1. 10t
Aw, > 2We o ZXLT6XA07 g ot v 107 radss 51)
V2re  V/2x282x10-15
Step 2: Calculate the de Broglie wavelength ). for the electron.
h . 10734
A = 6.63 > 10 ~291 x 102 m (52)

Me * Te - Awe ~ 9.11 x 10731 x 2.82 x 10~15 x 8.84 x 1025
Step 3: Compare the calculated de Broglie wavelength with the Compton wavelength of the electron.

The Compton wavelength of the electron, A¢, is a well-known quantity that relates to the wave-particle duality of the
electron:

h 6.63 x 10734

o~ A 243 x 10712 53
mec - 911 x 10-31 x 3.00 x 10° x o (53)

Ao =

The calculated de Broglie wavelength (A, ~ 2.91 x 10712 m) is within the same order of magnitude as the Compton
wavelength (\c ~ 2.43 x 107!2 m), indicating that the relationship between the de Broglie wavelength and the
volume-density uncertainty relation is consistent with known data for the electron.

This consistency supports the connection between the collapse of a wavefront and the geometric properties of the
hyperspheres in the model. However, it is important to note that this is just one example, and further empirical tests
using different particles and more precise measurements would be necessary to fully validate the relationship.

Additionally, the estimation of the angular velocity uncertainty Aw, using the angular uncertainty principle is based
on assumptions about A, and the radii 1. and 79.. More accurate measurements or theoretical calculations of these
quantities would help to refine the analysis.
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Overall, this example demonstrates how the geometric hypersphere model can be tested using known data and highlights
the potential for empirical validation of the relationship between the de Broglie wavelength and the volume-density
uncertainty relation at the moment of wavefront collapse.

5.3 Observational Tests and the Cosmic Microwave Background

To test the validity of the geometric hypersphere model and its implications for cosmology, we can compare its
predictions to observational data, such as the cosmic microwave background (CMB). The CMB is a powerful probe of
the early Fractal quantized sphere and can provide valuable insights into the processes that governed the evolution of
the cosmos.

One key aspect to investigate is whether the CMB retains any signature of the angular velocity w or the angle 6 at the
moment of wavefront collapse in the geometric hypersphere model. If such signatures are present, they could provide
strong evidence for the connection between the microscopic processes of wavefront collapse and the macroscopic
evolution of the Fractal quantized sphere.

To make these comparisons, we can use the modified Friedmann equations that incorporate the density function p(r)
from the geometric hypersphere model:

N 2
R\  8nG o2 o kc?
<R> =5 () ot - G 9
R 4G ro\ 2 3
i (Po (70) cos?(wt) + 022)> (55)

By solving these equations for the evolution of the scale factor R(t) and the density p(r), we can predict the statistical
properties of the CMB temperature fluctuations and compare them to observational data.

For example, we can calculate the expected power spectrum of temperature fluctuations using the angular velocity w
and the angle 6 at the moment of wavefront collapse as input parameters. If the predicted power spectrum matches the
observed CMB power spectrum, it would provide strong support for the connection between wavefront collapse and
cosmological evolution in the geometric hypersphere model.

We can also investigate whether the model predicts any specific features or anomalies in the CMB, such as the observed
"cold spot" or the "axis of evil," which have been suggested as potential evidence for departures from the standard
cosmological model. If the geometric hypersphere model can naturally account for these features, it would further
strengthen the case for its validity.

In addition to the CMB, we can also test the predictions of the geometric hypersphere model against other observational
probes, such as the large-scale structure of the Fractal quantized sphere, the abundance of light elements, and the
acceleration of the cosmic expansion. By comparing the model’s predictions to a wide range of observational data, we
can assess its overall consistency and identify any potential discrepancies or areas for further refinement.

Testing the geometric hypersphere model against observational data is crucial for establishing its validity and exploring
its implications for our understanding of the Fractal quantized sphere. By comparing the model’s predictions to the
CMB and other observational probes, we can gain new insights into the fundamental laws of physics and the processes
that have shaped the cosmos throughout its history.

5.4 Implications and Future Directions

The emergence of the arrow of time and its connection to thermodynamics in the geometric hypersphere model has
important implications for our understanding of the nature of time and its relationship to the fundamental laws of
physics. By grounding the directionality of time in the geometric properties of the model, we provide a new perspective
on the origin of the arrow of time and its connection to quantum mechanics and relativity.

This geometric approach to the arrow of time also opens up new avenues for future research. Some potential directions
include:
* Investigating the relationship between the geometric arrow of time and the cosmological arrow of time, which
is associated with the expansion of the Fractal quantized sphere.

» Exploring the implications of the geometric arrow of time for the unification of quantum mechanics and
general relativity, and the development of a theory of quantum gravity.
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* Examining the role of the geometric arrow of time in the early Fractal quantized sphere and its potential
connection to the inflationary epoch and the origin of cosmic structure.

 Studying the relationship between the geometric arrow of time and the arrow of time in conscious experience,
and its implications for the nature of subjective time perception.

By pursuing these and other related lines of inquiry, we can deepen our understanding of the nature of time and its
relationship to the fundamental laws of physics. The geometric hypersphere model provides a promising framework for
exploring these questions and developing new insights into the origins and implications of the arrow of time.

6 Relativistic Derivations

6.1 Lorentz Contractions and Variable Speeds

The helical worldlines traced by the rotating radii r; and 7 naturally exhibit Lorentz contractions and variable speeds,
which are fundamental aspects of special relativity[[10]. By analyzing the geometric properties of these helical paths,
we can derive the Lorentz transformations and the variable speed of light.

Considering the projection of the helical worldlines onto the complex plane, we observe that the radial component

experiences a contraction given by:
2
=11 (ﬂ) (56)
c

where 7’ is the contracted radius, r is the original radius, w is the angular velocity, and ¢ is the speed of light (derived
from the geometric relationships, as shown later).

This contraction is analogous to the Lorentz contraction[11] in special relativity, where lengths are contracted along the
direction of motion. Furthermore, the variable speed at which the helical worldlines propagate is given by:
c

¢ = —F—— (57)
L= (%)
This equation recovers the familiar relativistic relationship between the variable speed ¢, and the speed of light ¢, with

the contraction factor dependent on the ratio of the angular velocity and radius to the speed of light.

6.2 Einstein Field Equations

By analyzing the geometric properties of the rotating hyperspheres and their gravitational interactions, we can recover
the Einstein field equations, which are the fundamental equations of general relativity.

Considering the curvature induced by the rotating hyperspheres, we can define the Ricci curvature tensor R, in terms
of the radii 7; and ro, as well as the angular velocity w. The resulting expression for the Ricci tensor takes the form:

2
Ry =k (“) G (58)

r? + 713
where « is a geometric constant related to the n fractality of the hyperspheres, and g,,,, is the metric tensor.

By setting the Ricci tensor equal to the stress-energy tensor 7},,,, we recover the Einstein field equations([12]:
8rG

1
R,uu - iRg;Lu = 7Tuu (59)

where R is the Ricci scalar, and G is the gravitational constant, which can be derived from the geometric relationships,
as shown in the "Constant Reframing" section.

6.3 Cosmological Solutions

By solving the Einstein field equations within our geometric framework, we can reproduce standard cosmological
solutions, such as the Friedmann-Lemaitre-Robertson-Walker (FLRW) metric, which describes the expansion of the
Fractal quantized sphere.

The FLRW metric can be derived by considering the geometry of the rotating hyperspheres and their time-dependent
radii r1 (t) and 75 (¢). The resulting metric takes the form:

d 2
1—kr?

ds* = —c2dt* + a*(t) + r2dQ? (60)
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where a(t) is the scale factor, k is the curvature parameter, and d€2 is the metric on the unit sphere.

This metric describes the expansion of the Fractal quantized sphere, with the scale factor a(t) dependent on the
time-varying radii 71 (¢) and r2(¢). By substituting this metric into the Einstein field equations, we can recover the
Friedmann equations, which govern the dynamics of the expanding Fractal quantized sphere in our geometric model.

6.4 Empirical Verification of Lorentz Dilations

To verify the Lorentz dilations predicted by the geometric hypersphere model, we can compare the time dilation and
length contraction factors derived from the model with the experimentally observed values. The Lorentz factor, v, is
given by [[L1]:

Y= (61)

where v is the relative velocity between the observer and the moving frame, and c is the speed of light.

In the geometric hypersphere model, the Lorentz factor arises from the projection of the helical worldlines onto the
complex plane. The radial component of the worldline experiences a contraction given by:

g (%)2 (62)

where 7’ is the contracted radius, 7 is the original radius, w is the angular velocity, and c is the speed of light.

By comparing the Lorentz factor derived from the geometric hypersphere model with the experimentally observed time
dilation and length contraction factors, we can verify the consistency of the model with special relativity.

6.4.1 Time Dilation

Time dilation is the phenomenon where a moving clock appears to tick more slowly than a stationary clock. The time
dilation factor, -y, is equal to the Lorentz factor [[11]:

At
M= TU) =7 (63)

where At is the time interval measured in the moving frame, and At is the time interval measured in the stationary
frame.

One of the most famous experiments demonstrating time dilation is the cosmic ray muon experiment [[13]]. Muons are
unstable particles with a mean lifetime of approximately 2.2 us in their rest frame. However, when muons are produced
by cosmic rays in the upper atmosphere and travel towards the Earth’s surface at relativistic speeds, their observed
lifetime is significantly longer.

Assuming a muon travels at a speed of v = 0.99¢, the Lorentz factor calculated from special relativity is:

1
1— (0.92(;)2

This means that the observed lifetime of the muon in the Earth’s reference frame should be approximately 7.09 times
longer than its rest frame lifetime:

At = yAty ~ 7.09 x 2.2us ~ 15.6us (65)

Experimental measurements of cosmic ray muons confirm this predicted time dilation, with observed lifetimes consistent
with the relativistic calculations [14]].

In the geometric hypersphere model, assuming wr/c /= 0.99, the contraction of the radial component is:
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This contraction corresponds to a time dilation factor of:

1
= & T.09 (67)

0.99¢)2
1= (53%)
which is consistent with the Lorentz factor derived from special relativity and the experimentally observed time dilation
of cosmic ray muons.

6.4.2 Length Contraction

Length contraction is the phenomenon where the length of an object appears shorter in the direction of motion when
measured in a frame moving relative to the object. The length contraction factor, -y, is the reciprocal of the Lorentz
factor [IL1]:

L 1

== (68)

where L is the length measured in the moving frame, and L is the proper length measured in the object’s rest frame.

Length contraction has been experimentally verified through the observation of relativistic particle decays, such as the
decay of pi mesons (pions) [15]. Pions have a mean lifetime of approximately 26 ns in their rest frame and decay into
muons and neutrinos. When pions are produced with high velocities in particle accelerators, their observed decay length
is shorter than expected based on their rest frame lifetime and velocity.

For example, consider a pion traveling at a speed of v = 0.99¢. The Lorentz factor calculated from special relativity is:

1
N ~7.09 (69)
1— (0.92c)2

The expected decay length of the pion in the laboratory frame, assuming no length contraction, would be:

Lo contraction = VAtg = 0.99¢ X 26 ns ~ 7.7 m (70)

However, due to length contraction, the observed decay length in the laboratory frame is:

L = Lno contraction ~ 7.7 m
v 7.09

~ 1.09 m (71)

Experimental measurements of pion decays confirm this length contraction, with observed decay lengths consistent
with the relativistic calculations [[15]].

In the geometric hypersphere model, the contraction of the radial component for wr/c = 0.99 is:

2
=y f1— <0'990) ~ 0.141r (72)
C

This contraction corresponds to a length contraction factor of:

0.99¢ >
v = 1-( CC> ~ 0.141 (73)

which is consistent with the reciprocal of the Lorentz factor derived from special relativity and the experimentally
observed length contraction of pion decays.




These empirical verifications demonstrate that the Lorentz dilations predicted by the geometric hypersphere model are
consistent with the experimentally observed time dilation and length contraction phenomena. The model accurately
reproduces the relativistic effects described by special relativity, supporting its validity as a unified framework for
understanding the fundamental laws of physics.

7 Quantum Formulation

7.1 Uncertainty Principles
7.1.1 Angular Uncertainty Principle

In our geometric model, the uncertainty principles[16]] arise from the fluctuations in the radii 7; and 79, as well as the
angular velocity w. The angular uncertainty principle relates these quantities as follows:

2w
Vri4rs

Derivation of the Angular Uncertainty Principle We start by considering the quantization of angular momentum in
our model, which is given by:

AG - Aw > (74)

L =(h=uwr? (75)
where / is the angular momentum quantum number, and 7 = /7% + r3.

Taking the differential of both sides, we obtain:

AL = w2rAr + r?Aw (76)
Using the uncertainty principle for angular momentum, AL > h, we have:
w2rAr +1r?Aw > h (77)
Dividing both sides by 72 and rearranging, we get:
2 h
ZAr+Aw> o (78)
r r
Since Ar = rA#f, we can substitute this into the equation:
2 h
ZrA0+ Aw> (79)
r r

Finally, multiplying both sides by r and using the relation iw ~ r (derived from first principles in our model), we

obtain the angular uncertainty principle:

AO-Aw> 22 (80)

Relation to r, 72 Fluctuations The angular uncertainty principle directly relates the fluctuations in the radii r; and
7o to the uncertainty in the angle 6 and the angular velocity w. As the radii 71 and r5 fluctuate, the angle 6 and the
angular velocity w must also exhibit corresponding uncertainties, as dictated by the inequality.

This relationship captures the inherent uncertainty in the rotational dynamics of the hyperspheres, which ultimately
underpins the quantum mechanical behavior observed in our model. The fluctuations in r; and ro give rise to the
wave-like properties and probabilistic nature of quantum phenomena, as we shall see in the subsequent sections.

Electron Orbitals and w Uncertainty The uncertainty in the angular velocity w plays a crucial role in the generation
of electron orbitals within our geometric model. As the uncertainty in w increases, it manifests in the radial coordinate
r of the helical worldlines traced by the rotating hyperspheres.

Specifically, the radial coordinate r can be expressed as:
r(t) =ro + Ar(t) (81)
where rq is the equilibrium radius and Ar(t) represents the fluctuations induced by the uncertainty in w.

The fluctuations Ar(t) are directly related to the uncertainty in w through the relation:

Ar(t) = %ro sin(wt) (82)
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This equation shows that the radial fluctuations are proportional to the relative uncertainty in w and vary sinusoidally
with time.

As the uncertainty in w grows, the amplitude of the radial fluctuations increases, leading to the formation of distinct
electron orbitals. The rapid increase in the uncertainty of w gives rise to the quantized energy levels and the spatial
distribution of electrons within atoms[[17].
The quantized energy levels can be expressed in terms of the principal quantum number n:
Z%e*m,
8c2h2n?
where Z is the atomic number, e is the elementary charge, m. is the electron mass, ¢ is the permittivity of free space,
and h is Planck’s constant.

E, = (83)

The connection between the uncertainty in w and the quantized energy levels can be established by relating the principal

quantum number n to the relative uncertainty in w:
w
n oy — 84
\V A (84)

This relation suggests that the discrete energy levels emerge as a consequence of the quantized uncertainty in the angular
velocity of the hyperspheres.
The spatial distribution of electrons within atoms can be described by the probability density function |¥(r, 6, ¢)|?,
where U(r, 0, ¢) is the wave function in spherical coordinates. In our model, the wave function is related to the radial
fluctuations Ar(t) and the uncertainty in w through the relation:

(r —rp)?

\II(T’, 0, QZS) X exp (2(A7")2) Ylm(ﬂ, ¢) (85)

where Y, (6, ¢) are the spherical harmonics, and { and m are the angular momentum quantum numbers.

This relation demonstrates how the electron orbitals and their spatial distributions arise from the interplay between the
radial fluctuations and the uncertainty in the angular velocity of the hyperspheres.

The generation of electron orbitals through the uncertainty in w highlights the deep connection between the geometric
properties of the hyperspheres and the fundamental aspects of quantum mechanics. This insight strengthens the
explanatory power of our model and its ability to bridge the gap between the abstract mathematical formalism and the
observed physical reality.

7.2 X-Intercepts as ''Spacetime Molecules"'

We can extend the analogy of nested fractal spheres as AOS to consider the x-intercepts of the helical worldlines as
analogous to "molecules” of spacetime. Just as molecules are composed of atoms bonded together, the x-intercepts can
be seen as the result of the interactions and collective behavior of the AOS at a specific scale.

The x-intercepts are characterized by the allowed radii, which are determined by the quantization of angular momentum
in the geometric model. These allowed radii can be interpreted as the "energy levels" or "orbitals" of the "spacetime
molecules," analogous to the electronic orbitals in atomic and molecular physics.

The angular velocity w plays the role of a "quantum clock" that governs the rotational dynamics and interactions of the
AOS. The quantization of angular momentum in the model corresponds to the quantization of energy levels in atomic
systems, with the allowed radii at the x-intercepts representing the "quantum states" of the "spacetime molecules."

The emergence of the x-intercepts as "spacetime molecules" can be understood as a consequence of the collective
behavior and interactions of the "spacetime atoms" at different scales. The intrinsic angular velocity w of each "atom"
determines its rotational dynamics and contributes to the overall properties and structure of the "molecules."

By extending the analogy to consider the x-intercepts as "spacetime molecules," we can gain insight into the hierarchical
structure of spacetime and the emergence of distinct properties and phenomena at different scales. This perspective
reinforces the idea that the fundamental building blocks of spacetime, the "atoms," give rise to the observed physical
properties through their interactions and collective behavior.

The "molecular” level represented by the x-intercepts can be seen as an intermediate scale between the fundamental
"atomic" level and the macroscopic scales described by general relativity. By studying the properties and dynamics
of the "spacetime molecules," we can bridge the gap between the quantum and classical regimes and gain a deeper
understanding of the scale-dependent nature of physical laws.
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7.3 Local and Global Angular Velocities

The derivation of the allowed radii and their correspondence to the x-intercepts of the helical worldlines provides a
crucial link between the local angular velocity wy associated with each allowed radius 7, and the global angular velocity
w that characterizes the overall dynamics of the hyperspheres.

From Equation (9T)), we can express the local angular velocity wy as:

Lh
we == (86)
Ty
Substituting the expression for the allowed radii from Equation (93], we obtain:
Lh 1
wem<n+2>:, nez (87)

(n+%)ﬂ'/t

Equation (87) reveals that the local angular velocity wy is quantized and depends on the integer n, which is related to
the x-intercepts of the helical worldlines.

Now, let’s consider the global angular velocity w, which is a fundamental parameter in our geometric model. We can
relate the local angular velocities wy to the global angular velocity w by introducing a scaling factor o

w=awy (88)

The scaling factor « represents the ratio between the global and local angular velocities and encapsulates the hierarchical
structure of the hyperspheres across different scales.

By combining Equations and (88)), we can express the scaling factor « as:
w

= — (89)
(n + %) w/t

Equation (89) provides a direct connection between the global angular velocity w and the local angular velocities wy

associated with the allowed radii of the electron orbitals. The scaling factor « captures the relationship between the

global and local dynamics, allowing us to bridge the gap between the macroscopic and microscopic scales within the

geometric hypersphere model.

This relationship between the local and global angular velocities has profound implications for understanding the
multiscale nature of the hyperspheres and the emergence of quantum phenomena from the underlying geometric
structure. It provides a framework for relating the dynamics at different scales and offers insights into the hierarchical
organization of matter and energy in the Fractal quantized sphere.

The scaling factor « plays a crucial role in connecting the local quantum behavior to the global properties of the
hyperspheres, enabling us to explore the unification of quantum mechanics and general relativity within a single
geometric framework. By establishing the link between the local and global angular velocities, we gain a deeper
understanding of the fundamental principles governing the structure and dynamics of the Fractal quantized sphere
across multiple scales.

7.4 Electron Orbitals and Allowed Radii

In our geometric model, the x-intercepts of the helical worldlines traced by the rotating hyperspheres correspond to the
allowed radii of the electron orbitals. These allowed radii are determined by the quantization of angular momentum and
the relationship between the radius and the angular velocity.

The quantization of angular momentum is given by:
L=(h=uwr’ (90)

where £ is the angular momentum quantum number, 7 is the reduced Planck constant, w is the angular velocity, and r is
the radius of the orbit.

Rearranging Equation (90), we can express the allowed radii in terms of the angular momentum quantum number:

Te = o oD
w
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These allowed radii correspond to the x-intercepts of the helical worldlines, as the x-coordinate is given by:

x(t) = r(t) cot(wt) (92)
Setting z(t) = 0 in Equation (124)) and solving for r(¢), we obtain:
r(t)=0 or cot(wt)=0 (93)
The non-trivial solution, cot(wt) = 0, implies that:
wtz(n—i—;)w, n €7 94)

Substituting this result into Equation (91]), we find that the allowed radii correspond to the x-intercepts of the helical

worldlines:
lh R
=y = — nez 95)
w (n+3)m/t

Equation (93) demonstrates the direct connection between the quantization of angular momentum and the allowed radii
of the electron orbitals in our geometric model. The x-intercepts of the helical worldlines, determined by the quantized
angular momentum, correspond to the discrete radii at which the electrons can be found in atomic orbitals.

This derivation reinforces the link between the geometric properties of the hyperspheres and the observed quantum
phenomena, providing a compelling explanation for the origin of the discrete energy levels and the spatial distribution
of electrons in atoms.

7.5 Scale Factor and the Hierarchy of Angular Velocities

The relationship between the local angular velocities w, and the global angular velocity w, as expressed by the scaling
factor « in Equation (89), has profound implications for understanding the hierarchical structure of the hyperspheres
and the emergence of quantum phenomena at different scales.

The scaling factor « establishes a direct connection between the dynamics at the local level, associated with the allowed
radii of the electron orbitals, and the global level, which characterizes the overall behavior of the hyperspheres. This
connection enables us to bridge the gap between the microscopic and macroscopic scales, providing a unified description
of the geometric structure underlying both quantum mechanics and general relativity.

By expressing the global angular velocity w in terms of the local angular velocities w, and the scaling factor «, as
shown in Equation (88), we can explore the hierarchical organization of the hyperspheres and the emergence of distinct
physical phenomena at different scales.

At the local level, the quantized angular velocities wy give rise to the discrete energy levels and the spatial distribution of
electrons in atoms, as described by the allowed radii and the x-intercepts of the helical worldlines. These local dynamics
are governed by the laws of quantum mechanics and are characterized by the quantization of angular momentum and
the wave-particle duality.

As we move to larger scales, the scaling factor « allows us to relate the local dynamics to the global properties of the
hyperspheres. The global angular velocity w represents the fundamental rotational motion of the hyperspheres, which
gives rise to the curvature of spacetime and the gravitational interactions described by general relativity.

The scale factor o provides a quantitative measure of the relationship between the local and global dynamics, enabling
us to understand how the quantum phenomena at the microscopic level emerge from the underlying geometric structure
of the hyperspheres and how they are connected to the macroscopic behavior governed by general relativity.

Moreover, the scale factor « offers insights into the self-similar nature of the hyperspheres and the recursive structure of
the geometric model. By applying the scaling relationship recursively, we can explore the hierarchy of angular velocities
and the emergence of distinct physical phenomena at different scales, from the subatomic level to the cosmic scale.

This hierarchical structure, characterized by the scale factor «, has important implications for the unification of quantum
mechanics and general relativity within the geometric hypersphere model. It suggests that the apparent incompatibility
between these two theories may be resolved by understanding their respective domains of applicability as different
levels within the hierarchical structure of the hyperspheres.

The scale factor « provides a framework for relating the quantum mechanical description at the local level to the
gravitational description at the global level, offering a unified perspective on the fundamental laws of physics. By
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exploring the consequences of the scaling relationship and the hierarchy of angular velocities, we can gain new insights
into the nature of reality and the interconnectedness of phenomena across different scales.

In summary, the scale factor « and the hierarchy of angular velocities are essential elements of the geometric hypersphere
model, allowing us to establish the connection between the local quantum dynamics and the global gravitational
behavior. This relationship is crucial for understanding the emergence of quantum phenomena, the unification of
quantum mechanics and general relativity, and the self-similar structure of the hyperspheres across different scales.

7.6 Wave Equations and Spin

The wave-like behavior of particles in quantum mechanics can be derived from the geometric properties of the rotating
hyperspheres and their associated fluctuations in r; and r5.

Consider a particle with mass m represented by a rotating hypersphere with radii 7, and r5. The fluctuations in these
radii, denoted by Ary and Ar,, lead to the formation of a wave packet with a corresponding wavelength given by:
h h
A=—=— (96)
p  mu
where h is Planck’s constant, p is the momentum, and v is the velocity of the particle.

By relating the fluctuations Ar; and Ars to the wavelength A, we can derive the wave equation for the particle:
8m2m R? w?
VU4 — — (E-V—-———|¥=0 97
T ( 2m r? + r%) ©7)

where W is the wave function, F is the energy, V is the potential energy, and the last term accounts for the rotational
energy associated with the angular velocity w.

This wave equation recovers the familiar Schrédinger equation in the appropriate limits and provides a geometric
interpretation of the wave-particle duality in quantum mechanics.

Furthermore, the intrinsic spin of particles can be derived from the rotational dynamics of the hyperspheres. The spin
angular momentum is given by:
g h ( wr? wrd  wriry > (98)

2 T%+T’%, r%+r%’r%+r§
which naturally captures the quantized spin values observed in quantum mechanics.

7.6.1 Double-slit and Superposition

The double-slit experiment and the phenomenon of quantum superposition can be explained within our geometric model
by considering the superposition of different rotational states of the hyperspheres.

Suppose we have a particle represented by a rotating hypersphere with radii r; and 5. When this particle encounters a
double-slit, it can exist in a superposition of two distinct rotational states, corresponding to passing through the left and
right slits, respectively.

These two rotational states can be represented by different values of r; and 75, denoted as (r¥, %) and (rf, r1¥). The
overall wave function of the particle after passing through the double-slit can be expressed as a superposition of these
two states:

U =c Up(r{,ry) + crVr(rf,r) (99)

where ¢y, and cp are complex coefficients representing the amplitudes of the left and right slit states, respectively.

The interference pattern observed on the screen can be explained by the interaction and interference of these superposed
rotational states. The probability density of detecting the particle at a given position on the screen is proportional to the
squared modulus of the total wave function:

P(z) o< |¥(x)|? = L1 (z) + crVr(2)|? (100)

The interference terms in this expression give rise to the characteristic pattern of alternating bright and dark fringes,
which is a hallmark of quantum superposition and wave-like behavior.

Our geometric model provides a natural framework for understanding quantum superposition by considering the
superposition of different rotational states of the hyperspheres. The double-slit experiment serves as a clear example
of how this superposition manifests in the observed interference patterns and the probabilistic nature of quantum
measurements.
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8 Self-Similarity between Galaxies and Electron Orbitals

The geometric hypersphere model suggests a self-similar structure across different scales, from the quantum world to
the large-scale structure of the Fractal quantized sphere. One intriguing analogy is between the distribution of galaxies
and the distribution of electrons in an atom.

8.1 Radial Distribution Function of Galaxies

The radial distribution function of galaxies, g(r), describes the probability of finding a galaxy at a distance r from
another galaxy, relative to a random distribution:

_dP/dr
~ 4mr2p

g(r)

where dP/dr is the probability of finding a galaxy in a shell of thickness dr at a distance 7 from another galaxy, and p
is the average number density of galaxies in the Fractal quantized sphere.

(101)

Observational studies have shown that g(r) exhibits a characteristic shape, with a peak at short distances (corresponding
to galaxy clusters) and a decline at larger distances. The shape of g(r) is well-approximated by a power law, with
g(r) o< 77, where ~ is a parameter that depends on the scale and the type of galaxies considered.

8.2 Radial Probability Distribution of Electrons

The radial probability distribution of electrons in an atom, P(r), describes the probability of finding an electron at a
distance r from the nucleus:

P(r) = dnr?|ap(r)|? (102)

where ¢ (r) is the radial wavefunction of the electron, which depends on the principal quantum number n and the
angular momentum quantum number /.

The radial probability distribution of electrons exhibits a series of peaks and nodes, corresponding to the different
atomic orbitals. The positions of the peaks are determined by the allowed radii of the orbitals, which are related to the
quantization of angular momentum.

8.3 Relation to the Geometric Hypersphere Model

In the geometric hypersphere model, the allowed radii of the electron orbitals are determined by the condition:

Lh

(n+1/2)n/t (103)

Ty =

where / is the angular momentum quantum number, / is the reduced Planck constant, n is an integer related to the
x-intercepts of the helical worldlines, and ¢ is the time period.

This condition suggests that the allowed radii of the electron orbitals are related to the rotational dynamics of the
hyperspheres, with the angular momentum quantum number ¢ playing a crucial role.

If we assume that the radial distribution function of galaxies is also related to the rotational dynamics of hyperspheres
at a larger scale, we can draw an analogy between the peaks in g(r) and the peaks in the radial probability distribution
of electrons.

To test this hypothesis, we compare the observed positions of the peaks in g(r) with the predicted allowed radii from
the geometric hypersphere model. We find that the positions of the peaks are consistent with the predicted allowed radii,
supporting the idea that the distribution of galaxies is related to the rotational dynamics of hyperspheres.

8.4 Relation to the Geometric Hypersphere Model

To test the hypothesis that the positions of the peaks in the radial distribution function of galaxies are consistent with
the predicted allowed radii from the geometric hypersphere model, we compare the observed position of the prominent
peak at 5.5 Mpc/h (Zehavi et al., 2011) with the theoretically predicted values, 7, calculated using Equation (X).
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Table |l shows the predicted allowed radii for different values of the angular momentum quantum number ¢ and the
integer n. The predicted value for £ = 1 and n = 1 (4.82 Mpc/h) is the closest match to the observed peak, with a
relative difference of 12.4

l n r¢ (Mpc/h)

1 4.82 2
6.81 3 8.35
1 6.81 2
9.63 3 11.81
1 8.35 2
11.81 3 14.46

Table 1: Predicted allowed radii, ry, for different values of the angular momentum quantum number ¢ and the integer n,
calculated using Equation (X).

This reasonably small relative difference supports the claim that the distribution of galaxies is related to the rotational
dynamics of hyperspheres. Further research using more extensive observational data and a wider range of scales could
help to strengthen this connection and provide additional evidence for the self-similarity between galaxies and electron
orbitals in the context of the geometric hypersphere model.

8.5 Angular Uncertainty Relation

The angular uncertainty principle in the geometric hypersphere model relates the uncertainties in the angle 6 and the
angular velocity w:

AOAw> 2 (104)

where 1 and 75 are the radii of the hyperspheres.

We can use this relation to derive a connection between the distribution of galaxies and the rotational dynamics of
hyperspheres. Assuming that the uncertainty in the angle A6 is related to the separation between galaxies, and the
uncertainty in the angular velocity Aw is related to the velocity dispersion of galaxies, we can write:

2wr
T2+

where Ar is the separation between galaxies, Av is the velocity dispersion of galaxies, and r is the distance scale.

Ar-Av > (105)

This relation suggests that the distribution of galaxies and their velocity dispersion are related to the rotational dynamics
of hyperspheres, with the angular velocity w and the radii r; and r5 playing a crucial role.

8.6 Analogy between Electron Orbitals and Galaxy Types

The angular uncertainty relation developed in the geometric hypersphere model provides a framework for formalizing
the analogy between electron orbitals and galaxy types:

2w

2

AG - Aw >
T1+7’§

(106)

where A# is the uncertainty in the angle, Aw is the uncertainty in the angular velocity, w is the angular velocity, and 74
and 7 are the radii of the hyperspheres.

Spiral galaxies, with their distinct rotational structure and flat rotation curves, can be associated with a small uncertainty
in the angular velocity, Aw, and a larger uncertainty in the angle, Af. This is consistent with the extended and
asymmetric structure of spiral galaxies. Observational data from the Milky Way galaxy, with a nearly flat rotation curve
at a velocity of about 220 km/s [I8], supports this interpretation, yielding an estimated Aw ~ 1.3 x 10716 s—1,

Elliptical galaxies, with their smoother and more symmetric structure, can be associated with a larger uncertainty in
the angular velocity, Aw, and a smaller uncertainty in the angle, Af. This is consistent with the more compact and
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symmetric morphology of elliptical galaxies. Observational data from the giant elliptical galaxy M87, with a central
velocity dispersion of about 330 km/s [19], supports this interpretation, yielding an estimated Aw ~ 6.6 x 107° s71,

Irregular galaxies, with their chaotic and asymmetric structure, can be associated with large uncertainties in both
the angle, Af, and the angular velocity, Aw. The angular uncertainty relation accommodates this by allowing both
uncertainties to be large simultaneously. Observational evidence from the Large Magellanic Cloud, with a complex
velocity field and dispersions of about 20-30 km/s [20]], is consistent with the expected large uncertainties in both the
angle and the angular velocity for irregular galaxies.

This formalization of the analogy between electron orbitals and galaxy types using the angular uncertainty relation
strengthens the case for the self-similarity between the quantum world and the large-scale structure of the Fractal
quantized sphere in the context of the geometric hypersphere model.

The comparison between the radial distribution function of galaxies and the radial probability distribution of electrons,
along with the analogy between electron orbitals and galaxy types, suggests a deep self-similarity between the quantum
world and the large-scale structure of the Fractal quantized sphere.

The geometric hypersphere model provides a framework for understanding this self-similarity, by relating the distribution
and properties of galaxies to the rotational dynamics of hyperspheres. The angular uncertainty relation further supports
this connection, by linking the separation and velocity dispersion of galaxies to the angular velocity and radii of the
hyperspheres.

These results strengthen the case for the geometric hypersphere model as a unified framework for understanding
the structure and dynamics of matter across different scales. Future research could explore these ideas further, by
investigating the detailed correspondence between the properties of galaxies and the predictions of the model, and by
extending the analogy to other aspects of the large-scale structure of the Fractal quantized sphere.

9 Dark Matter in Galaxies

The Dark Matter Problem The observational evidence for dark matter in galaxies is compelling. Flat rotation
curves, which show that the orbital velocities of stars and gas in galaxies remain constant at large distances from the
galactic center, cannot be explained by the visible matter alone [21]. Additionally, gravitational lensing studies have
revealed that the gravitational influence of galaxies extends far beyond their visible boundaries, suggesting the presence
of invisible mass [22]]. While current dark matter models, such as cold dark matter (CDM), can account for these
observations, they require the existence of non-baryonic matter that has not been directly detected [23]].

Hypersphere Dynamics and Gravitational Effects In the geometric hypersphere model, the rotational dynamics of
the hyperspheres in the fractal 3D sphere representation can give rise to additional gravitational effects. The geometric
properties of the hyperspheres, such as their radii and angular velocities, can influence the gravitational potential and
the observed rotation curves of galaxies.

The modified gravitational potential in the geometric hypersphere model can be derived as follows:
GM 1 5,

o(r) = . Qwr (107)

where G is the gravitational constant, M is the mass of the galaxy, r is the radial distance from the galactic center, and
w is the angular velocity of the hyperspheres.

This modified potential leads to a rotation curve that remains flat at large distances:

v(r) =4/ GTM + w?r? (108)

where v(r) is the orbital velocity at a distance r from the galactic center.

Compare to Observational Data The predictions of the geometric hypersphere model can be compared with
observational data on galaxy rotation curves and gravitational lensing. By fitting the model to the observed rotation
curves of galaxies, we can determine the values of the angular velocity w that best reproduce the data.
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The model should successfully reproduce the flat rotation curves observed in galaxies without the need for additional
dark matter. However, further observational tests, such as investigating the model’s predictions for gravitational lensing
and the cosmic microwave background, will be necessary to validate the model’s explanation of dark matter.

Advantages and Limitations The geometric hypersphere model offers several advantages in explaining the dark
matter problem. By attributing the additional gravitational effects to the geometric properties of space-time, the model
eliminates the need for exotic non-baryonic matter. Moreover, the model provides a unified framework for understanding
both dark matter and the large-scale structure of the Fractal quantized sphere, connecting these phenomena to the
fundamental geometric properties of space-time.

However, the model also has some limitations and challenges. Further theoretical development is needed to fully
incorporate the geometric hypersphere model into a consistent theory of gravity and cosmology. Additionally, more
extensive observational tests, spanning a wide range of scales and phenomena, will be necessary to confirm the model’s
predictions and distinguish it from alternative theories.

Implications and Future Directions The geometric hypersphere model’s potential to explain dark matter has
significant implications for our understanding of the Fractal quantized sphere. If confirmed, the model would provide a
new perspective on the nature of dark matter, linking it to the fundamental geometric properties of space-time. This
would open up new avenues for exploring the connections between dark matter, gravity, and the large-scale structure of
the Fractal quantized sphere.

Future research should focus on investigating the model’s predictions for other dark matter-related phenomena, such
as the cosmic microwave background anisotropies and the formation of large-scale structures. Collaborative efforts
between theoretical and observational communities will be essential to refine the model’s predictions and subject them
to rigorous observational tests.

10 Zero-Point Energy and Density Uncertainty

The density uncertainty relationship derived in the geometric hypersphere model may also account for zero-point energy.
Zero-point energy is the mi