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Abstract

The Variable Metric Unified Theory (VMUT), based on Euclidean
Geometry with Rescaled Metric Regions (EGRMR), proposes an inno-
vative approach to fundamental physics. This work presents a model
that reinterprets space and time as separate entities within a three-
dimensional Euclidean space with a dynamically rescalable metric, of-
fering a unified perspective on gravity, quantum mechanics, and other
fundamental interactions.

VMUT introduces the concept of a metric scale function f(x,t),
which locally modulates distances in space, allowing for the descrip-
tion of gravitational, quantum, and cosmological phenomena within
a single geometric framework. This approach aims to resolve long-
standing paradoxes and provide new interpretations for dark energy
and dark matter.

The proposed model extends from particle physics to cosmology,
offering a coherent vision of the universe that potentially unifies gen-
eral relativity and quantum mechanics. Implications for quantum
gravity, the structure of space at Planck scales, and cosmic evolution
are discussed.

This work also explores the mathematical and philosophical con-
sequences of the theory, proposing experiments and observations to
test its unique predictions. Finally, future directions for research are
outlined, highlighting the potential of VMUT to revolutionize our fun-
damental understanding of the nature of physical reality.
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Part 1
Introduction and Fundamentals

1 Introduction

1.1 Motivations and Objectives

Modern physics faces the challenge of the apparent incompatibility between
general relativity and quantum mechanics. Despite numerous attempts at
unification, a complete theory of quantum gravity remains elusive. Existing
theories, such as string theory and loop quantum gravity, rely on complex
mathematical structures and often require extra dimensions or exotic objects.

The geometric model proposed here arises from the need for an alter-
native approach that can potentially reconcile these seemingly incompatible
theories. The objective is to provide a unified framework for fundamen-
tal physics, working entirely within the familiar three-dimensional Euclidean
space, without invoking extra dimensions or exotic mathematical structures.

This new approach aims to reinterpret relativistic and quantum phenom-
ena through a geometric language based on regions with variable metrics,
potentially offering a new perspective on long-standing problems such as the
nature of gravity, the origin of the universe, and the behavior of matter at
the quantum level.

1.2 Fundamental Concepts

The proposed model is based on a few fundamental principles:

1. Underlying Euclidean Space: Space is fundamentally Euclidean
and three-dimensional.

2. Rescaled Metric Regions: Within this space, there exist regions
with metrics that can vary, expanding or contracting.

3. Surface Invariance: The surface area of a rescaled metric region
always coincides with that of the corresponding region in standard Eu-
clidean space.

4. Space-Time Relationship: Variations in the spatial metric are di-
rectly linked to variations in the flow of time.
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5. Energetic Origin: Metric variations are generated by concentrations
of energy, thus reinterpreting gravity and other fundamental phenom-
ena.

6. Natural Quantization: The discrete structure of rescaled metric re-
gions provides a basis for incorporating quantum principles.

These principles allow for the reinterpretation of many physical phenom-
ena, from gravitation to quantum mechanics, in terms of the variable ge-
ometry of space, potentially offering a unified framework for fundamental
physics.

2 Definition of Rescaled Metric Spatial Re-
gions

The concept of rescaled metric spatial regions is the foundation of our geomet-
ric model. These regions, embedded within a three-dimensional Euclidean
space, exhibit a local metric that can differ from that of the surrounding
space. We formally define a rescaled metric region R as a triple (U, g, f),
where:

e U C R? is an open and connected subset of the three-dimensional
Euclidean space.

e g is the standard Euclidean metric on U.

e f: U — R" is a positive differentiable function, called the ”scale
factor,” which determines the local variation of the metric.

The effective metric within the region R is given by h = f2g. This means
that distances measured within R are rescaled by a factor of f compared to
distances in the standard Euclidean space.

It is crucial to note that, despite these metric variations, local reality
always appears consistent to an observer within the region. In other words,
a local observer will always perceive the scale factor f as unitary. This
phenomenon, which we call the ” principle of local coherence,” is fundamental
to understanding how our model relates to everyday experience.

Note 2.1. The principle of local coherence states that, despite variations in
the metric, local reality always appears consistent to an observer within the
region. In other words, the laws of physics and observed phenomena locally
adapt to the metric of the region, making it indistinguishable from a standard
FEuclidean space for an observer located within it.
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However, it is important to emphasize that this unitary local perception is
an accommodating illusion of nature. In reality, we are constantly immersed
in regions with varying metrics. For example:

e Earth’s gravitational field creates a region of dilated metric around our
planet.

e The Sun’s gravitational field adds a further component of dilation on
a larger scale.

e The gravitational field of our galaxy contributes on an even larger scale.

e The rotational and orbital motion of Earth introduces additional dy-
namic variations in the local metric.

Consequently, we can assert with certainty that the scale factor f in
which we are immersed is significantly different from 1, even though we do
not perceive it directly.

This discrepancy between the objective metric reality and local perception
is a fundamental aspect of our model. It explains how large-scale effects, such
as gravity and spacetime curvature in general relativity, can emerge from a
fundamentally Euclidean geometry with locally varying metrics.

3 Types of Metric Variations

The EGRMR model is based on the concept of variations in the spatial
metric. These variations can take different forms and characteristics, each
with specific implications for the physical phenomena they describe. We will
examine the main types of metric variations, providing an overview of the
different ways in which the metric can vary within our geometric model.

3.1 Dilation and Contraction

e Metric Dilation: When f(p) > 1 for every point p € U, the re-
gion is said to be "dilated.” Distances within this region appear larger
compared to the surrounding space.

e Metric Contraction: When f(p) < 1 for every point p € U, the
region is said to be ”contracted.” Distances within this region appear
smaller compared to the surrounding space.
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3.2 Constant and Progressive Variations of the Metric
Scale

The metric scale factor (f) can be extended to include different regimes of

variation, inspired by Knuth’s up-arrow notation for iterated arithmetic oper-

ations. This extension allows for the modeling of extreme physical scenarios
with greater precision.

1. Linear (Normal) Variation: f(r) =1+ kr

e Applicable in weak field conditions and moderate velocities
e Approximately corresponds to the Newtonian limit

2. Exponential Variation: f(r) = e*"

e Relevant for strong fields and high velocities

e Could describe regions near the event horizon of black holes
3. Tetrational Variation: f(r) = 4(kr)

e For ultra-extreme gravity scenarios

e Potentially applicable within black holes or in the early universe
4. Higher-Order Variations (Pentation, etc.):

e For modeling phenomena at the limits of known physics

e Could provide insights into singularities or extreme cosmological
scales

Note 3.1. Knuth’s up-arrow notation is a mathematical system for repre-
senting iterated arithmetic operations. In the context of EGRMR, this nota-
tion is used to describe different regimes of metric scale variation, allowing
for the modeling of extreme physical scenarios where the metric varies ex-
tremely rapidly.

These different forms of metric variation could have profound implica-
tions:

e Gravitational Phase Transitions: Transitions between different
metric variation regimes could correspond to phase transitions in the
structure of space.

e Singularity Resolution: Higher-order variations could offer a natural
mechanism to avoid mathematical singularities.
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e Cosmological Models: They could provide new tools to describe the
evolution of the universe on extreme scales.

e Unification of Forces: The different forms of metric variation could

correspond to different regimes of the fundamental forces.

3.3 Temporal Variations

Rescaled metric regions can also evolve over time:

e Expansion: The scale factor f(p,t) increases over time, leading to a
progressive dilation of the region.

e Contraction: The scale factor f(p,t) decreases over time, leading to
a progressive contraction of the region.

e Oscillation: The scale factor f(p,t) varies periodically, causing alter-
nating expansions and contractions of the region.

4 Relationships and Transitions Between Re-
gions
Rescaled metric regions can interact with each other in various ways:
¢ Disjoint Regions: Two regions R; and Ry are disjoint if U; NUy = ().
e Nested Regions: A region R; is nested within a region R, if Uy C Us.
e Intersecting Regions: Two regions R; and R, intersect if UyNUy # ().

Transitions between regions with different metrics always occur gradually,
through a transition zone. There are no discontinuities or sudden ”jumps”
in the metric.

4.1 Paradox of Spatial Perception Between Regions

A surprising and counterintuitive aspect of the EGRMR model emerges when
we consider the reciprocal perception of observers in regions with different
metric scales:

e Scenario: Consider two observers, Alice and Bob, in regions with
different scale factors: f4 = 2 for Alice and fg = 1 for Bob.
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Bob (f=1) Alice (f=2)

Alice (f=1) Bob (f=1)

Figure 1: Comparison of Bob and Alice’s perspectives in different metric scales

e Bob’s Perception:

— Sees his space as a 4x4 grid (unitary scale factor).

— Perceives Alice’s space as an 8x8 grid compressed into a 4x4 area.
e Alice’s Perception:

— Sees her space as an 8x8 grid (scale factor of 2, but perceived as
unitary).

— Perceives Bob’s space as a 4x4 grid that occupies the same physical
area as her 8x8 grid.

This situation reveals an apparent paradox: both observers see the other’s
space occupying the same physical area as their own, but with a different grid
density. This highlights that:

1. The perception of space is deeply relative and dependent on the local
scale factor.

2. Each observer perceives their own space as "normal,” regardless of its
actual scale factor.

3. Distance and volume measurements can be radically different between
regions, while maintaining consistency in the reciprocal spatial rela-
tionship.
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This peculiarity, evident even in the basic EGRMR model, is not im-
mediately apparent in conventional theories of curved space. It offers a new
perspective on the relative nature of space and suggests the need to reconsider
our methods of measurement and comparison between regions with different
metrics.

The implications of this observation potentially extend to various areas of
physics, from understanding extreme gravitational phenomena to interpret-
ing cosmological measurements on a large scale.

5 Surface Invariance

A fundamental principle of our model is the invariance of the surface area of
rescaled metric regions. Formally:

Theorem 5.1 (Surface Invariance). Let R = (U, g, f) be a rescaled metric

region. Then:
/ ds = / as
oU OR

where QU and OR denote the boundaries of U and R, respectively, and dS is
the surface element.

Note 5.1. The surface element (dS) is an infinitesimal quantity representing
the area of a portion of a surface. In three-dimensional Cartesian coordinates,
it can be expressed as dS = dxdy. In EGRMR, the invariance of the surface
element under metric variations is a fundamental principle that ensures the
consistency of the theory.

This theorem states that, despite the variation of the metric within the
region, the surface area of the region remains invariant with respect to the
corresponding surface in the standard Euclidean space.

The surface invariance has important implications:

e [t guarantees continuity and coherence between rescaled metric regions
and the surrounding space.

e It provides a natural constraint on the shape and evolution of rescaled
metric regions.

e It plays a crucial role in the description of physical phenomena such as
gravitation and wave propagation.

This property distinguishes our model from other geometric theories and
provides a basis for its mathematical and physical consistency.
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6 Definition of Rescaled Metric Temporal Re-
gions

Analogous to spatial regions, our model introduces the concept of rescaled

metric temporal regions. These regions represent portions of time where the

flow of time can vary compared to the surrounding ”standard” time.

Formally, we define a rescaled metric temporal region T as a triple (I, 7, h),
where:

e [/ C R is an open interval of the real line, representing a period of time.
e 7 is the standard temporal metric on I.

e h: I — R* is a positive differentiable function, called the ”temporal
scale factor,” which determines the local variation of the flow of time.

The effective temporal metric within the region T is given by 7.q = h%7.
This means that time intervals measured within T are rescaled by a factor
of h compared to standard time intervals.

6.1 Time Dilation and Contraction
Similar to spatial regions, we can distinguish between:

e Time Dilation: When A(t) > 1 for every ¢t € I, time flows more slowly
within the region compared to standard time.

e Time Contraction: When h(t) < 1 for every ¢ € I, time flows faster
within the region compared to standard time.

6.2 Relationship Between Spatial and Temporal Re-
gions
A fundamental aspect of our model is the close relationship between rescaled

metric spatial and temporal regions. We postulate an inverse relationship
between the spatial scale factor f and the temporal scale factor h:

1

h= (1)

This relationship implies:
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e A dilated spatial region (f > 1) corresponds to a contracted temporal
region (h < 1), where time flows slower compared to fundamental time.

e A contracted spatial region (f < 1) corresponds to a dilated temporal
region (h > 1), where time flows faster compared to the fundamental
time.

The perception of the flow of time fundamentally depends on the ob-
server’s perspective:

e External Observer:

— Sees a region with dilated space (f > 1) as a region where time
flows more slowly.

— Sees a region with contracted space (f < 1) as a region where
time appears to flow faster.

e Internal Observer:

— In both cases (dilated or contracted region), perceives their own
time flowing normally due to the principle of local accommodation.

It is crucial to note that:

1. The apparent ”acceleration” of time in a contracted region, as seen by
an external observer, does not violate the principle of unidirectional
slowing of time, as it is a relative effect.

2. In the case of high-speed relative motion, the observer in rapid motion
is actually in a region of contracted space compared to the ”stationary”
observer, resulting in the familiar relativistic time dilation effect.

Note 6.1. The principle of local accommodation in EGRMR states that an
observer within a rescaled metric region always perceives their own time flow
as “normal,” regardless of the actual metric of the region. This is analogous
to Einstein’s equivalence principle in general relativity. Furthermore, in the
context of EGRMR, the principle of unidirectional slowing of time applies:
relative time in a region can only be slowed down compared to the fundamental
time, never accelerated. The flow of time can be “braked” by the presence
of matter or energy, but it cannot be "accelerated” beyond its natural pace
in the absence of external influences. These principles are fundamental to
understanding the perception of time and its relationship with the spatial
metric in EGRMR.

This intrinsic connection between space and time in our model provides
a geometric basis for phenomena such as gravitational and velocity time
dilation, without invoking the spacetime curvature of general relativity.

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 11

6.3 Local Perception of Time

As with spatial regions, the principle of local coherence also applies to tempo-
ral regions: an observer within a rescaled metric temporal region will always
perceive their own time flow as "normal.” However, by comparing clocks
between different regions, differences in the flow of time can be detected.

6.4 Physical Implications

Rescaled metric temporal regions have profound implications for our under-
standing of physical phenomena:

e They provide a geometric explanation for relativistic effects such as
gravitational time dilation and velocity time dilation.

e They offer a new framework for understanding quantum phenomena
such as superposition of states and entanglement.

e They suggest new interpretations for cosmological concepts such as the
expansion of the universe and dark energy.

The combination of rescaled metric spatial and temporal regions forms
the basis of our unified model, offering a coherent geometric approach to
describe a wide range of physical phenomena.

7 Relationship Between Space and Time

In our model, space and time are intrinsically linked through their variable
metrics. This connection is fundamental to understanding how relativistic
phenomena emerge from a fundamentally Euclidean geometry.

7.1 The Role of the Speed of Light

The speed of light plays a crucial role in our model, acting as a ”link” between
spatial and temporal metrics. Consider the classic formula for the speed of
light:

_ As
AL

where As is a spatial distance and At is a time interval. In our model,
we interpret this formula as a compatibility condition between spatial and
temporal metrics:

C
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~ JAs
T hAt
where f is the spatial scale factor and h is the temporal scale factor. Since
c is constant, this relationship implies:

1
I=3

This equation formalizes the inverse relationship between spatial and tem-
poral dilation that we postulated earlier.

7.2 Natural Quantization and the Behavior of Cesium-
133

The example of the cesium-133 atomic clock reveals not only the principle of
local accommodation but also the inherently discrete and quantized nature
of physical reality:

e Multiplication of Wavelengths: In a region with dilated space
(f > 1), wavelengths do not simply ”stretch” but multiply in a dis-
crete manner.

e Numerical Example:
Nx = [f - NoJ (2)

where NN is the number of wavelengths in a given distance, N is the
number under non-dilated conditions, and f is the scale factor. The
operator |-| denotes rounding down to the nearest integer.

e Quantum Implications: This discrete multiplication of wavelengths
reflects the quantized nature of space and time at a fundamental level.

This phenomenon has profound implications:

1. Fundamental Discreteness: It supports the idea that space and
time, at the deepest level, are discrete rather than continuous.

2. Limits to Dilation: It suggests the existence of natural limits to spa-
tial dilation, corresponding to integer multiples of fundamental wave-
lengths.

3. Energy Quantization: The discrete multiplication of wavelengths is
reflected in a corresponding quantization of energy levels.
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4. Connection with Quantum Mechanics: It provides a conceptual
bridge between EGRMR and the fundamental principles of quantum
mechanics.

Note 7.1. This observation reinforces the idea that EGRMR, while based
on a continuous spatial substrate, naturally incorporates quantized aspects of
physical reality, offering a potential point of unification between the geometric
description of space and time and the principles of quantum physics.

7.3 Atomic Clocks and the Space-Time Relationship

Atomic clocks provide a concrete example of how the space-time relationship
manifests in our model. Consider an atomic clock based on cesium-133 tran-
sitions, which oscillates at a frequency of 9,192,631,770 Hz under standard
conditions.

If this clock is located in a region with dilated spatial metric (f > 1), our
model predicts that:

e The wavelength of the oscillations will increase by a factor of f.

e The frequency of the oscillations, measured with respect to the clock’s
proper time, will remain constant at 9,192,631,770 Hz.

e The frequency measured by an external observer will appear reduced
by a factor of 1/f.

This example illustrates how spatial dilation directly translates into ob-
servable time dilation, while maintaining local coherence for the clock itself.

8 Relativity of Space as the Primary Origin

It is important to emphasize that in our model, the relativity of time is a
direct consequence of the relativity of space. Variations in the spatial metric
are the primary source of all the relativistic effects we observe.

Time, in this context, simply adapts to maintain consistency with the
metric variations of space. This perspective, in a sense, inverts the traditional
view of relativity, placing space, rather than time, at the center of the theory.

Note 8.1. Time relativity is a fundamental concept in modern physics, in-
troduced by Einstein’s theory of relativity. It states that the flow of time is
not absolute but depends on the observer’s reference frame. In the context of
EGRMR, this concept is reinterpreted as a consequence of variations in the
spatial metric.
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It is interesting to note that, at the local level, this distinction could be
considered academic. The observable effects, whether attributed primarily
to space or time, remain the same. However, this new perspective offers
potential advantages:

e It provides a more intuitive basis for understanding relativistic phe-
nomena, anchoring them to concrete variations in spatial geometry.

e [t offers a possible conceptual bridge between relativity and quantum
mechanics, where fluctuations in the spatial metric could be linked to
quantum fluctuations.

e It suggests new directions for experimental investigation, focusing on
the geometric properties of space rather than the nature of time.

In conclusion, while our model fully acknowledges and incorporates the
relativity of time, it is viewed as a secondary effect of the more fundamental
relativity of space. This perspective could open new avenues for unifying our
understanding of gravity, relativity, and quantum mechanics.

9 External Perception of Time and Limits of
Contraction

9.1 Apparent Time for an External Observer

Let’s consider two scenarios:

1. Contracted Metric Regions (f < 1): In these regions, local time
flows faster (h > 1). However, for an external observer, time in this
region appears slowed down. This is because:

e Events occur more rapidly within the region.

b

e But the contraction of the spatial metric causes these "rapid”
events to occupy a reduced space and time from an external per-
spective.

2. Dilated Metric Regions (f > 1): In these regions, local time flows
more slowly (h < 1). For an external observer, time in this region
appears even more slowed down. This is because:

e Events occur more slowly within the region.
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e The dilation of the spatial metric further amplifies this slowness
from an external perspective.

This apparent ”slowing down” of time, as seen by an external observer, is
a direct consequence of the inverse relationship between spatial and temporal
metrics in our model.

9.2 Quantifying Apparent Time in Contracted Regions

In contracted metric regions, we can quantify more precisely how time ap-
pears "slowed down” to an external observer, despite being locally fast:

tapparent - |]- - f| (3)

where typparent 1S the apparent time for an external observer and f is the
spatial scale factor of the contracted region (f < 1).
This relationship can be derived by considering that:

1. In a contracted region, the temporal scale factor is h = 1/f.

2. The proper time 7 within the region is related to the external time ¢
by the relation: dr = hdt = (1/f)dt.

3. The external observer sees these "rapid” events through a contracted
spatial metric. The net effect is a multiplication by f.

4. The apparent time for the external observer is: t,pparent = f - (1/f) =1
with respect to the internal proper time.

5. The difference between this apparent time and the "normal” external
time (which would be 1) is therefore |1 — 1| = |1 — f].

Note 9.1. Proper time is the time measured by a clock that moves along
with an object or observer. It is a fundamental concept in Finstein’s theory
of relativity, where proper time is the time experienced by an observer in their
own moving reference frame. In EGRMR, proper time is interpreted as the
time measured by a clock within a rescaled metric region.

This relationship has interesting implications:

e When f is close to 1 (slight contraction), tapparent i close to 0, indicating
a minimal difference compared to external time.

e As f decreases (stronger contraction), tapparent inCreases, indicating a
more pronounced apparent slowing down.

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 16

e When f approaches 0 (extreme contraction), t.pparent approaches 1,
indicating that time in the region appears completely stopped to the
external observer.

This mathematical formulation captures the essence of the apparent para-
dox: despite time flowing faster within the contracted region, it appears
slowed down or even stopped to an external observer. This provides a quan-
titative basis for understanding phenomena like relativistic time dilation in
terms of metric variations of space.

9.3 Fundamental Time and Relative Time

To formalize the concept of time within our model, we introduce the following
definitions:

Definition 9.1 (Fundamental Time). Time is considered ”fundamental”
when it flows in a region of space where there are no significant metric vari-

ations (neither dilations nor contractions). In other words, when f =~ 1 and
h=~1.

Definition 9.2 (Relative Time). Time is considered "relative” when it flows
in a region of space where there are significant metric variations, either di-
lations (f > 1) or contractions (f < 1).

Key Principles:

1. Unidirectional Slowing Principle: Relative time can only slow
down compared to fundamental time, never speed up.

2. Invariance of Proper Time: Despite metric variations, the proper
time experienced locally remains constant.

3. Illusion of Acceleration: In contracted spaces, time appears to flow
faster, but this is an illusion due to spatial contraction, not an actual
acceleration of time.

Mathematical Formulation:

T
dt
Trelative — o m <T (4)
where Tienative 1S the experienced relative time, 7" is the fundamental time
interval, and f(¢) > 1 is the local metric scale function.

This formulation captures the idea that:

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 17

e Relative time is always less than or equal to fundamental time.
e Time dilation (slowing down) is caused by f(t) > 1.

e There is no possibility of f(¢) < 1, which would correspond to an
acceleration of time.

It is crucial to note that:

e In dilated metric regions (f > 1), time is slowed down: it flows more
slowly compared to fundamental time.

e In contracted metric regions (f < 1), even though time flows faster
locally, it still appears slowed down to an external observer due to
spatial contraction, as we saw in the formula t,pparent = |1 — f].

This concept explains why, in our model (and in accordance with physical
observations), time can only be slowed down and never accelerated compared
to fundamental time. Even in situations of metric contraction, where local
time flows faster, an external observer will still perceive a slowdown.

Implications:

1. The universe has a ”background temporal rhythm” (fundamental time)
that represents the upper limit for the speed of time flow.

2. All relativistic and gravitational effects can only slow down time com-
pared to this background rhythm.

3. The perception of ”faster” time in contracted spaces is a relative effect,
not an actual acceleration of time.

Theorem 9.1 (Impossibility of Absolute Temporal Acceleration). In our
model, there is no metric configuration that allows time to flow faster than
fundamental time when observed from an external reference frame.

This theorem has profound implications:

e It provides a geometric explanation for why we never observe ”anti-
gravity” or "anti-time dilation” in nature.

e [t establishes a natural upper limit to the speed of time flow, corre-
sponding to fundamental time.
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o [t suggests that the universe has an intrinsic tendency towards states
of greater temporal "braking,” in line with concepts such as increasing
entropy.

Note 9.2. Entropy is a physical quantity that measures the degree of disorder
or randomness of a system. In thermodynamics, entropy is associated with
the second law of thermodynamics, which states that the entropy of an isolated
system tends to increase over time. In EGRMR, the increase in entropy could
be interpreted as a tendency towards states of greater temporal "braking,” i.e.,
towards regions with a more dilated temporal metric.

The distinction between relative time and fundamental time in our model
thus offers a new perspective on relativistic and gravitational phenomena,
providing an intuitive geometric basis for understanding the fundamental
limitations on the flow of time in the universe.

9.4 Limits of Contraction: The ”Planck Bubble”

While metric dilation can theoretically proceed indefinitely, contraction has
a fundamental limit. We define this limit as the ”Planck bubble”:

Definition 9.3 (Planck Bubble). The Planck bubble is the minimum size of
a spherical region with a rescaled metric, below which the concepts of space
and time lose meaning in our model.

The properties of the Planck bubble include:

e A minimum spatial scale factor f;,, related to the Planck length.
e A maximum temporal scale factor hyax = 1/ finin-

e A spatial dimension that, when viewed from the outside, corresponds
to the Planck length.

The existence of the Planck bubble has important implications:

e [t provides a natural limit to metric contraction, avoiding mathematical
singularities.

e [t suggests a fundamental granularity of space and time, in line with
some theories of quantum gravity.

e It could offer new perspectives on phenomena such as the event horizon
of black holes and the beginning of the universe.
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10 Interaction Between Spatial and Tempo-
ral Regions

The interaction between spatial and temporal regions with rescaled metrics
is a fundamental aspect of our model, providing a basis for understanding a
wide range of physical phenomena.

10.1 Space and Time Correspondence Principle

We define a fundamental principle that governs the interaction between spa-
tial and temporal regions:

Principle 10.1 (Space and Time Correspondence). For every rescaled met-
ric spatial region Ry = (U, g, f), there corresponds a temporal region R, =
(I,7,h), where:

h=—
f

Note 10.1. This principle in EGRMR establishes a one-to-one relationship
between spatial metric variations and temporal evolution, providing a new
perspective on the nature of time.

This principle establishes an inverse relationship between the spatial and
temporal metrics, ensuring the consistency of the model.

10.2 Effects of Interaction

The interaction between spatial and temporal regions produces several ob-
servable effects:

1. Gravitational Time Dilation: In a region with a dilated spatial
metric (f > 1), time flows more slowly (h < 1). This corresponds to
the time dilation observed in strong gravitational fields.

2. Length Contraction: In a region with a dilated temporal metric
(h > 1), spatial lengths appear contracted (f < 1). This is analogous
to length contraction in special relativity.

3. Gravitational Doppler Effect: The variation of the spatial metric
influences the frequency of electromagnetic waves, producing a redshift
or blueshift.

4. Light Deflection: Variations in the spatial metric cause the deflection
of light rays, similar to the gravitational lensing effect.
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10.3 Dynamics of Interactions

The interactions between spatial and temporal regions are not static but
evolve dynamically:

e Propagation of Metric Variations: Variations in the spatial met-
ric propagate through time, influencing the corresponding temporal
regions and vice versa.

e Metric Waves: Perturbations in the spatial and temporal metrics
can propagate as waves, analogous to gravitational waves in general
relativity.

e Boundary Effects: In the transition zones between regions with dif-
ferent metrics, complex effects occur that require a detailed analysis of
the boundary conditions.

Note 10.2. Metric waves in EGRMR are analogous to gravitational waves,
but they describe the propagation of variations in the metric scale of the
underlying Euclidean space.

10.4 Implications for Fundamental Physics

The interaction between spatial and temporal regions in our model has pro-
found implications:

e Unification of Gravitation and Electromagnetism: Metric vari-
ations could provide a common basis for describing both gravitational
and electromagnetic effects.

e Natural Quantization: The discretization of rescaled metric regions
could offer a natural mechanism for the quantization of space and time.

e Cosmology: The large-scale evolution of the universe could be de-
scribed in terms of complex interactions between vast spatial and tem-
poral regions with rescaled metrics.

e Black Holes: The extreme properties of black holes could emerge as
a consequence of particularly intense space-time interactions in highly
compressed regions.

Note 10.3. EGRMR proposes a natural quantization emerging from the dis-
crete structure of metric variations, potentially avoiding the renormalization
problems of standard quantum gravity.

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 21

In conclusion, the interaction between spatial and temporal regions with
rescaled metrics provides a unified framework for understanding a wide range
of physical phenomena, from microscopic to cosmological scales. This per-
spective opens new avenues for theoretical and experimental exploration of
the fundamental nature of space and time.

11 Properties of the Rescaled Metric

The rescaled metric is the heart of our geometric model. Its properties de-
termine how space and time behave in various regions and how these regions
interact with each other.

11.1 Formal Definition

Let R = (U, g, f) be a rescaled metric region. The rescaled metric h on R is
defined as:

h=f%g
where ¢ is the standard Euclidean metric and f : U — R* is the scale
factor.

11.2 Fundamental Properties

1. Continuity: The function f is continuous and differentiable, ensuring
smooth transitions between regions with different metrics.

2. Positivity: f(p) > 0 for every p € U, ensuring that the metric remains
well-defined everywhere.

3. Local Conformal Invariance: Locally, the rescaled metric preserves
angles, while altering distances.

4. Total Volume Conservation: Although local distances change, the
total volume of a closed region remains invariant when integrated with
respect to the rescaled metric.

11.3 Induced Curvature

Although the base space is Euclidean, the rescaled metric can induce an
effective curvature:
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Theorem 11.1 (Induced Curvature). The scalar curvature R induced by the
rescaled metric h = f2q is given by:
R=—6fV*f

where V2 is the Laplacian operator with respect to the Euclidean metric

This induced curvature allows our model to reproduce gravitational effects
without resorting to an intrinsic curvature of spacetime.

11.4 Field Equations

The variations of the rescaled metric are governed by field equations that
relate the scale factor f to the distribution of energy and matter:

Vif = kpf? (5)

where p is the energy-matter density and & is a coupling constant.

11.5 Surface Invariance

A crucial property of our rescaled metric is surface invariance:

Theorem 11.2 (Surface Invariance). For any closed region 2 C U, the area
of the boundary surface 02 measured with the rescaled metric h is equal to
the area measured with the Euclidean metric g:

| oan= [ aa,
o9 o9

This property guarantees continuity and coherence between regions with
different metrics.

11.6 Transformation Properties

Under coordinate transformations x# — 2/#, the rescaled metric transforms
as:

W ox® 0x°
22 (9x’“ axly of

This property ensures the invariance of physical laws under changes of
coordinates.
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11.7 Physical Implications

The properties of the rescaled metric have profound physical implications:

e Gravitation: The induced curvature reproduces gravitational effects
without resorting to the curvature of spacetime.

e Metric Waves: Perturbations in the rescaled metric can propagate
as waves, analogous to gravitational waves.

¢ Quantization: The discrete nature of rescaled metric regions suggests
a possible path towards the quantization of space and time.

e Cosmology: The global properties of the rescaled metric could explain
large-scale phenomena such as the expansion of the universe and dark
energy.

In conclusion, the properties of the rescaled metric provide the math-
ematical foundation of our model, allowing us to unify various aspects of
physics within a single, coherent geometric framework.

12 Comparison with Other Geometric and
Mathematical Models

Our model of Euclidean geometry with rescaled metric regions offers a unique
approach to describing space and time. In this section, we compare our model
with other geometric and mathematical formulations, highlighting similari-
ties and differences.

12.1 Equivalent Definitions of a Rescaled Metric Re-
gion
In our model, a rescaled metric region can be defined in two equivalent ways:

1. Definition based on Euclidean space: A region R is defined as a
triple (U, g, f), where:

e U C R? is an open and connected subset of three-dimensional
Euclidean space.

e ¢ is the standard Euclidean metric on U.
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e /: U — R* is a positive and differentiable function, called the
"scale factor.”

2. Definition as a Riemannian manifold: A region R can be viewed
as a Riemannian manifold (M, g), where:

e M is a three-dimensional differentiable manifold (representing phys-
ical space).

e ¢ is a Riemannian metric defined as:

g(z) = f(z)*9(z)

where g(z) is the standard Euclidean metric and f(z) is the scale
factor.

Note 12.1. A Riemannian manifold is a mathematical space that generalizes
Fuclidean geometry to curved surfaces. It is equipped with a metric that
allows for the consistent measurement of distances and angles across the
entire manifold. In the EGRMR model, rescaled metric regions can be viewed
as Riemannian manifolds, where the Fuclidean metric is locally modified by
the scale factor.

In both cases, the dilation gradient is defined as:
VD(z) = Vlog f(x)

These two definitions are equivalent when U = M and offer complemen-
tary perspectives: the first is more concrete and directly related to Euclidean
space, while the second is more general and aligned with the formalism of
differential geometry.

12.2 Comparison with Other Geometric Models

In this section, we compare the standard Euclidean metric, which represents
the starting point of our cosmological model, with other metrics used to
describe curved spaces in three dimensions. This comparison will help us
better understand the geometric properties of our universe.

Three-Dimensional Euclidean Space

The standard Euclidean metric in three dimensions is given by:

gij =

o O =

O = O

—_ o O
—
(@)
N~—
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This metric describes a flat space, where parallel lines remain parallel and
the sum of the interior angles of a triangle is always 180 degrees.

Three-Dimensional Sphere (Hypersphere)

The metric of a three-dimensional sphere (hypersphere) with radius R, em-
bedded in a four-dimensional space, is given by:

R? 0 0
g =10 R*sin®y 0 (7)
0 0 R?sin? y sin® 6

This metric describes a closed, curved three-dimensional surface where
parallel lines intersect and the sum of the interior angles of a triangle is
always greater than 180 degrees.

Three-Dimensional Hyperbolic Space

The metric of three-dimensional hyperbolic space in hyperbolic spherical co-
ordinates is given by:

R? 0 0
gi; = | 0 RZsinh®p 0 (8)
0 0 R?sinh? psin? 0

This metric describes a three-dimensional space with constant negative
curvature, where parallel lines diverge and the sum of the interior angles of
a triangle is always less than 180 degrees.

Note 12.2. The coordinates used:

o for the three-dimensional sphere are (x, 0, ¢), where x is the polar
angle (0 < x <m)and® (0 <0 <w)and ¢ (0 < ¢ < 2mw) are the
azimuthal angles.

e for the three-dimensional hyperbolic space are (p, 0, ¢), where p is the
hyperbolic distance from the origin (0 < p < o00) and 0 (0 < 0 < 7)
and ¢ (0 < ¢ < 2m) are the azimuthal angles.

R s the radius of curvature, which determines the scale of the curvature of
space.
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General Relativity

e Similarities: Both models use a rescaled metric to describe gravita-
tional effects.

e Differences: General relativity is based on a curved four-dimensional
spacetime, while our model maintains a three-dimensional Euclidean
space with a rescaled metric.

Kaluza-Klein Theory

e Similarities: Both theories seek to unify gravity and electromagnetism
through geometry.

e Differences: Kaluza-Klein introduces a fifth dimension, while our
model remains in three dimensions.

Note 12.3. Kaluza-Klein theories are physical theories that attempt to unify
gravity with electromagnetism by introducing a fifth spatial dimension. In
these theories, gravity is interpreted as a manifestation of the curvature of
the fifth dimension, while electromagnetism emerges as a consequence of the
geometry of this extra dimension. EGRMR could incorporate some of the
1deas of Kaluza-Klein theories, reinterpreting the extra dimensions as “met-
ric” dimensions that describe the variations of the spatial metric.

String Theory

e Similarities: Both theories aim to unify gravity with other fundamen-
tal forces.

e Differences: String theory requires 10 or 11 dimensions, while our
model remains in three dimensions.

Loop Quantum Gravity

e Similarities: Both theories suggest a discrete structure of space at
small scales.

e Differences: Loop quantum gravity directly quantizes spacetime, while
our model maintains a continuous space with discrete rescaled metric
regions.
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Noncommutative Geometries

e Similarities: Both approaches modify the fundamental geometric struc-
ture of space.

e Differences: Noncommutative geometries replace coordinates with
operators, while our model maintains classical coordinates with a rescaled
metric.

13 Extensions of the EGRMR Model to Non-
Flat and Exotic Geometries

13.1 Introduction to Generalized Geometries

The basic EGRMR model, using the triple (U, g, f), has demonstrated great
explanatory power. By extending the use of g beyond the standard Euclidean
metric, we can expand the model to include a wide range of geometries.

13.2 Non-Flat Geometries

In addition to the closed curved and hyperbolic geometries already men-
tioned, let’s consider other extensions:

Fractal Geometries
We define a metric that varies with scale:

gij(€) = 5D_25ij (9)

where D is the fractal dimension and € is the scale factor.

13.3 Exotic Geometries

Noncommutative Geometries
We introduce noncommutative position operators:

This formulation could be useful for modeling quantum effects of space-
time.
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13.4 Unification of Geometric Models

By combining variations in g and f, we can create a unified framework:

(U, g(N), f(x,1)) (11)

where \ parameterizes different geometries and f(z,t) maintains its rescal-
ing function.

13.5 Interpretation of Multidimensional Spaces

We show how seemingly multidimensional geometries can be represented in
a three-dimensional FEuclidean space:

. _ (93D 0
gl] ( 0 f(x)gextra> (12)

where gsp is the standard three-dimensional metric and gexi,n represents
"hidden” dimensions within the structure of f.

13.6 Physical Implications

These extensions of the EGRMR model have potential applications in various
areas of physics:

e Advanced Cosmological Models: Fractal geometries could describe
the large-scale structure of the universe.

e New Interpretations of Quantum Gravity: Noncommutative ge-
ometries offer an alternative approach to the quantization of spacetime.

e Unification of Field Theories on Different Geometries: The
unified framework could provide a basis for integrating different field
theories.

e Description of Exotic Phenomena: Wormholes and multiverses
could be modeled using combinations of these extended geometries.

Note 13.1. Wormholes, also known as Einstein-Rosen bridges, are hypo-
thetical shortcuts through spacetime that would connect distant points in the
universe. They are solutions to the equations of General Relativity, but their
physical existence is still debated. In the EGRMR model, wormholes could
be reinterpreted as regions of connection between zones with different metric
dilation.
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13.7 Wheeler-DeWitt Equation in EGRMR

In the context of EGRMR, we can propose a modified version of the Wheeler-
DeWitt equation:

HIfP[f] =0 (13)

where:

° 7:[[ f] is the quantum Hamiltonian operator expressed in terms of the
metric scale function f.

e U[f] is the wave functional of the universe, which depends on the con-
figuration of f instead of the classical 3-dimensional metric.

The Hamiltonian operator could take a form like:

~ h? 52
H[f] = __Gijk:l[f] 5 £i:0 fr

: + VI (14)

where:

e Giju(f] is the superspace metric in EGRMR, which depends on f.

e V|[f] is the effective potential, which includes contributions from the
scalar curvature and possibly the cosmological constant.

A distinctive feature of this EGRMR formulation of the Wheeler-DeWitt
equation is that it could include terms that reflect the rescaled nature of the
metric:

o
kdrin afV2U[f] =0 (15)
of
where « is a coupling constant that reflects the intensity of the rescaling
effect.

This formulation could offer several advantages:

1. More Intuitive Interpretation: The wave functional ¥[f] could
have a more direct interpretation in terms of rescaled space configura-
tions.

2. Possible Resolution of the Time Problem: The explicit depen-
dence on f, which can vary over time, could offer a new perspective on
the problem of time in quantum gravity.
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3. Connection with Classical Physics: The classical limit of this equa-
tion could provide a more natural transition to the EGRMR description
of classical gravity.

4. New Symmetries: The formulation in terms of f could reveal new
symmetries not evident in the standard formulation.

This EGRMR version of the Wheeler-DeWitt equation opens new per-
spectives for the exploration of quantum gravity, potentially offering solutions
to long-standing problems in the theory and providing a bridge between dif-
ferent approaches to the quantization of gravity.

14 Energy and the Generation of Rescaled
Metric Regions

14.1 The Nature of Energy in the Model

In our model of Euclidean geometry with rescaled metric regions, energy plays
a fundamental role as the source of metric variations. Unlike conventional
theories, here energy is not simply a content of space but is intrinsically
linked to the geometric structure itself.

We define energy in this context as:

Definition 14.1 (Energy). Energy is the capacity to generate and modify
rescaled metric regions within the underlying Euclidean space.

This definition unifies various forms of energy:
e Mass-Energy: Associated with regions of persistent metric dilation.

e Kinetic Energy: Associated with moving regions of contracted met-
ric.

e Potential Energy: Represented by gradients in the scale factor be-
tween adjacent regions.

e Field Energy: Manifested as dynamic fluctuations in the local metric.

The fundamental relationship between energy and the metric is given by
the equation:

Vif =kpf? (16)
where f is the scale factor, p is the energy density, and x is a coupling
constant.
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14.2 Mechanisms of Region Generation

Rescaled metric regions can be generated through various mechanisms:

14.2.1 Concentration of Mass-Energy

The presence of concentrated mass or energy generates a region of dilated
metric. The intensity of the dilation is proportional to the amount of energy
present:

flr) =1+ —— (17)

where GG is the gravitational constant, M is the mass-energy, c is the
speed of light, and r is the distance from the center of the concentration.

14.2.2 High-Speed Motion

The motion of an object at relativistic speeds generates a region of contracted
metric in the direction of motion:

f=V1-v/& (18)

where v is the velocity of the object.

14.2.3 Dynamic Fields

Fields such as the electromagnetic field generate dynamic fluctuations in the
local metric:

f=1+aE*+3B? (19)

where F and B are the electric and magnetic fields, and o« and S are
coupling constants.

14.3 Observable Effects of Energy on Regions

Energy, through its influence on the metric, produces several observable ef-
fects:

1. Gravitation: The metric dilation around concentrations of mass-
energy produces gravitational effects.
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2. Time Dilation: Time flows more slowly in regions with dilated met-

rics, in accordance with:

dr 1

-z 20

T (20)
3. Light Deflection: Light rays follow geodesics in the rescaled metric,

producing gravitational lensing effects.

4. Metric Waves: Perturbations in the energy distribution generate
waves in the metric, analogous to gravitational waves.

5. Quantum Effects: At very small scales, energy fluctuations produce
a "metric foam,” the basis for quantum phenomena.

Note 14.1. Metric foam is a concept proposed in some theories of quantum
gravity, according to which spacetime at very small scales (near the Planck
length) would have a ”foamy” structure characterized by quantum fluctuations
of the metric. In EGRMR, metric foam emerges naturally as a consequence
of quantum fluctuations of the metric scale factor.

These effects provide a basis for experimentally testing the model and
comparing it with the predictions of other theories.

15 Fundamental Space and Perturbed Space

15.1 Definition of Fundamental Space

Fundamental Space represents the basic metric configuration of the universe,
in the absence of perturbations due to matter or energy. It is characterized
by a uniform metric, absence of intrinsic curvature, and minimal quantum
fluctuations.

15.1.1 Characteristics of Fundamental Space
The main characteristics of Fundamental Space are:
e Uniform metric: f(r) =1 at every point
e Perfect isotropy: all directions are equivalent
e Homogeneity: properties are the same at every point

e Minimal quantum fluctuations at the Planck scale
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Mathematically, we can express the metric of Fundamental Space as:
ds* = dx* + dy* + d2* (21)

15.1.2 Relationship with Fundamental Time

Fundamental Space and Fundamental Time can be seen as two aspects of
a single "fundamental spacetime substrate.” In this context, Fundamental
Time flows uniformly in the absence of gravitational or relativistic perturba-
tions.

The relationship between Fundamental Space and Fundamental Time can
be expressed as:

deund = dtfund (22)

where drgnq is the proper time interval in Fundamental Time and dtguq
is the coordinate time interval in the reference frame of Fundamental Space.

15.2 Perturbed Space

Perturbed Space represents regions of the universe where the presence of
matter-energy causes deviations from the uniform metric of Fundamental
Space.

15.2.1 Characteristics of Perturbed Space
The main characteristics of Perturbed Space are:
e Non-uniform metric: f(r) # 1
e Anisotropy: properties can vary with direction
e Inhomogeneity: properties vary from point to point

e Presence of effective curvature

The metric in Perturbed Space can be expressed as:

ds* = f*(r)(dz® + dy® + d=?) (23)

where f(r) is the metric scale function that varies in space.
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15.2.2 Transitions Between Fundamental and Perturbed Space

The transition between Fundamental Space and Perturbed Space is not
abrupt but gradual. We can model this transition with a smoothing function:

Firans(r) = 1+ (fpent (r) — 1) - exp(—[r — xo*/1%) (24)

where r is the center of the perturbation and [ is a characteristic length
of the transition.

15.3 Implications at Subatomic Scales

The distinction between Fundamental Space and Perturbed Space has pro-
found implications at the subatomic level, providing a new perspective on
quantum phenomena.

15.3.1 Particles as Perturbations of Fundamental Space

In EGRMR, elementary particles can be interpreted as localized perturba-
tions of Fundamental Space. The wave function of a particle ¢(r,t) can be
related to the metric perturbation through:

Frarticte(T, 1) = 1 + al(r, t)|? (25)

where « is a coupling constant.

15.3.2 Quantum Interactions in the Context of Fundamental Space

Quantum interactions can be seen as superpositions and interactions of met-
ric perturbations. For example, quantum entanglement can be interpreted
as a non-local correlation in the metric structure:

fentangled(rb r2) =1+ B(wl (r1)¢2<r2) + ¢2(r1)¢1 (r2)) (26)

where [ is a coupling constant and ¢, ¥5 are the wave functions of the
entangled particles.
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16 Dynamics of Physical Entities in Variable
Metric Regions

16.1 Behavior of Entities in Different Metric Regions

In the EGRMR model, physical entities interact with regions characterized
by different metric scales, resulting in varying behaviors depending on the
intensity of the local metric perturbation.

16.1.1 Generalized Equation of Motion

For a physical entity in a variable metric region, the equation of motion takes
the form:
d?at ., da? da?

dr2 ve dr E = F'u(f’ vf) (27)

where I') are the Christoffel symbols derived from the rescaled metric,

and F*(f, V f) represents the additional forces due to variations in the scale
factor f.

16.1.2 Regions with Strong Metric Dilation

In regions where f(r) > 1, we observe:

. . . dr 1
e Time dilation: & = < 1

e Increase in apparent inertial mass: meg = mf

e Reduction of relative velocities: v = %

16.1.3 Regions with Strong Metric Contraction
In regions where 0 < f(r) < 1, we observe:

e Apparent acceleration of local time: ?TI = % > 1

e Decrease in apparent inertial mass: meg = %

e Increase in relative velocities: v = v f
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16.2 Transitions Between Regions with Different Met-
rics
The passage of an entity between regions with different values of f(r) is

governed by the principle of conservation of total energy:

me?

V1—0v%/c? .

This implies a conversion between kinetic and metric potential energy
during transitions.

Fiot = f(r) = constant (28)

16.3 Multi-Scale Interactions

EGRMR allows for the description of interactions between entities operating
at very different metric scales:

Jine(r1,12) = fi(r1) - fa(r2) - x(|Jr1 — r2]) (29)

where x is a coupling function that depends on the distance between the
entities.

16.4 Emergent Phenomena in Extreme Metric Regions

16.4.1 Metric Confinement

In regions with strong gradients of f(r), entities can become confined:

Vi) F > s (30)

This phenomenon could explain quark confinement without requiring ad-
ditional forces.

16.4.2 Metric Tunneling

The probability of tunneling through a metric barrier is given by:

P o exp (_2 / IV (@) = B) f(x)dx) (31)

where V() is the effective potential induced by the metric variation.
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16.5 Implications for Astrophysical and Cosmological
Phenomena

16.5.1 Black Holes as Regions of Extreme Metric Dilation

Black holes can be described as regions where f(r) — oo as one approaches
the event horizon:

2GM)_1/2 (32)

c2r

fan) = (1-

16.5.2 Gravitational Waves as Propagating Metric Perturbations
Gravitational waves can be modeled as:

fgw(r, t) =1 -+ hw’([‘, t) (33)

where h;; represents the metric perturbation of the gravitational wave.

16.5.3 Dark Matter as Regions with Anomalous Metric

Dark matter could be interpreted as regions with anomalous metric behavior:

2GMDM(T)

c2r

Four(r) =1+ (34)

where Mpys(r) represents the mass distribution of dark matter.

16.6 Expansion of the Universe in the Context of EGRMR

The expansion of the universe can be seen as a global variation of the metric:

fcosmo(t) = a(t) = aoeHOt (35)

where a(t) is the cosmic scale factor, ag is its current value, and Hy is the
Hubble constant.

16.7 Formation of Cosmic Structures

The formation of cosmic structures can be described in terms of large-scale
perturbations of the metric:

0(x,1) = D(t)do(x) (36)
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where 0(x, t) represents the density fluctuations that lead to the formation
of structures, D(t) is the growth factor, and dy(x) is the initial distribution
of fluctuations.

16.8 Vacuum Energy and Quantum Fluctuations

In the context of EGRMR, vacuum energy and quantum fluctuations can be
reinterpreted in terms of properties of Fundamental Space.

16.8.1 Reinterpretation of Vacuum Energy

Vacuum energy can be seen as the intrinsic energy associated with Funda-
mental Space:

4

W((vffund)2> (37)

where (-) denotes the vacuum expectation value and fp,q represents the
minimal fluctuations of Fundamental Space.

Pvac =

16.8.2 Quantum Fluctuations as Minimal Deviations from Fun-
damental Space

Quantum fluctuations can be interpreted as small deviations from the uni-
form metric of Fundamental Space:

Jquant (£, 1) = 1+ €(r, 1) (38)

where €(r, t) is a function describing the quantum fluctuations, with (¢) =
0 and (%) ~ ({p/L)?, where (p is the Planck length and L is the observation
scale.

16.9 Implications for Fundamental Forces

EGRMR proposes a reinterpretation of fundamental forces in terms of vari-
ations in the metric of space.

16.9.1 Gravity as a Tendency to Return to Fundamental Space

Gravity can be seen as the manifestation of the tendency of space to return
to its fundamental state. The gravitational field equation in EGRMR could
take the form:
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Vf +af(Vf)? = kT f? (39)

where T' is the trace of the energy-momentum tensor and «, k are con-
stants.

16.9.2 Other Interactions in the Context of Fundamental Space

The other fundamental forces can be reinterpreted as manifestations of dif-
ferent modes of metric variation:

e Electromagnetic Force:
fEM(I',t) = 1+OéEM(E2 —0232) +6EM(EB) (40)

where E and B are the electric and magnetic fields, and agys, Bear are
coupling constants.

e Strong Nuclear Force:

Farong(r) = L+ g > A5G (x) (41)
where A, are the generators of the SU(3) group and G are the gluon
fields.

e Weak Nuclear Force:
1
Sweak(r, ) =1+ a,, (WTW ™ + 5ZOZO) (42)

where W= and Z° are the fields of the weak force vector bosons.

16.10 Observability and Verifiability

Although EGRMR is an ambitious theory, it proposes several possibilities
for experimental verification.

16.10.1 Experimental Proposals to Detect Fundamental Space

1. Precision Quantum Interferometry: Search for subtle deviations
in interference patterns that could indicate variations in the base met-
ric.

2. Atomic Clock Experiments: Measure extremely small variations in
the flow of time in different regions of space.
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3. Search for Anisotropies in the Speed of Light: Look for direc-
tional variations in the speed of light that could indicate deviations
from Fundamental Space.

16.10.2 Testable Predictions of the Theory
EGRMR makes several predictions that could be experimentally tested:

e Modifications to the Photon Dispersion Relation: At extremely
high energies, EGRMR predicts possible deviations from the standard
dispersion relation:

E? = p*c® + 6(E, p) (43)

where §(E, p) is a correction function that depends on the energy scale.

e Quantum Gravity Effects in Primordial Cosmic Expansion:
EGRMR suggests possible signatures of quantum effects in the anisotropies
of the cosmic microwave background radiation:

AT’/T‘ ~ <<Af)2>prim0rdial (44)

e Violations of the Equivalence Principle at Quantum Scales:
EGRMR predicts possible deviations from the equivalence principle

for quantum test particles:
Aa  (lp\?
- (£ 45
=~ (7) (45)

where Aa is the difference in acceleration between two test particles
and L is the characteristic scale of the experiment.

These predictions offer the possibility of distinguishing EGRMR from
other theories of quantum gravity and provide concrete directions for future
experiments and observations.

17 Quantum and Cosmological Implications
of EGRMR

17.1 Quantum Interactions in the Context of Funda-
mental Space
Quantum interactions can be interpreted as superpositions and interactions

of metric perturbations. Quantum entanglement, in particular, can be viewed
as a non-local correlation in the metric structure:
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fentangled (T1,T2) = 1 4 B(¥1(r1)Y2(r2) + 1a2(r1)11(r2)) (46)

where 3 is a coupling constant and 1y, ¥y are the wave functions of the
entangled particles.

Note 17.1. This formulation of entanglement in terms of metric pertur-
bations offers a new perspective on quantum non-locality, suggesting that it
could be a manifestation of geometric connections in fundamental space.

17.2 Implications at Cosmic Scales

The concept of Fundamental Space and Perturbed Space naturally extends
to cosmic scales, offering new insights into the structure and evolution of the
universe.

17.2.1 Large-Scale Structure of the Universe

The large-scale structure of the universe can be described as a network of
perturbed regions embedded in Fundamental Space:

fcosmo(r) =1+ 6(1') (47)
where 0(r) represents the cosmological density fluctuations.

17.2.2 Cosmic Expansion and Fundamental Space

Cosmic expansion can be reinterpreted as a global tendency of space to return
towards the fundamental state. The cosmic scale factor a(t) is connected to
the global metric scale function:

farobal(t) = a(t) (48)
The modified Friedmann equation in EGRMR takes the form:
fra ) 87G kA
(f—Z) R v )

where p is the energy density, k is the curvature parameter, and Aqg is
an effective term emerging from the properties of Fundamental Space.

17.3 Unification of Scales

A distinctive feature of EGRMR is its ability to unify the description of
physical phenomena at all scales, from the subatomic to the cosmological.
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17.3.1 Coherence Between Microscopic and Macroscopic Phenom-
ena

EGRMR proposes that phenomena at all scales are manifestations of vari-
ations in the metric of space, expressed through a generalized metric scale
function:

ftot(r7 t) - fglobal(t) : floca1<r7 t) (50)

where fgobal(t) represents the cosmological component and fiocal(r, t) the
local perturbations.

17.3.2 Scaling Principle in EGRMR

The Scaling Principle in EGRMR states that the laws of physics, expressed
in terms of metric variations, maintain the same form at all scales, subject
only to appropriate scaling factors:

L1fa(r, )] = A"L[f (hr, M) (51)

where £ is the Lagrangian density of the system, A is a scaling factor,
and n is a characteristic exponent.

Note 17.2. This principle suggests a profound symmetry in nature, con-
necting phenomena across vastly different scales and potentially unifying the
physics of the very small with that of the very large.

17.4 Vacuum Energy and Quantum Fluctuations

EGRMR offers a new perspective on vacuum energy and quantum fluctua-
tions, reinterpreting them in terms of the properties of Fundamental Space.

17.4.1 Reinterpretation of Vacuum Energy

Vacuum energy can be seen as the intrinsic energy associated with Funda-
mental Space:

C4

167TG<(vffund)2> (52)

where (-) denotes the vacuum expectation value and fg,q represents the
minimal fluctuations of Fundamental Space.

Pvac =
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17.4.2 Quantum Fluctuations as Minimal Deviations from Fun-
damental Space

Quantum fluctuations can be interpreted as small deviations from the uni-
form metric of Fundamental Space:

fquant<r7 t) =1+ 6(1‘, t) (53)

where €(r, t) is a function describing the quantum fluctuations, with (e) =

0 and (e?) ~ (¢p/L)?, where {p is the Planck length and L is the observation
scale.

17.5 Implications for Fundamental Forces

EGRMR proposes a reinterpretation of fundamental forces in terms of vari-
ations in the metric of space.

17.5.1 Gravity as a Tendency to Return to Fundamental Space

Gravity can be seen as the manifestation of the tendency of space to return
to its fundamental state. The gravitational field equation in EGRMR takes
the form:

Vif+af(Vf)? =rkTf? (54)

where T' is the trace of the energy-momentum tensor and «, k are con-
stants.

17.5.2 Other Interactions in the Context of Fundamental Space

The other fundamental forces can be reinterpreted as manifestations of dif-
ferent modes of metric variation:

e Electromagnetic Force:
fE]\/[(I',t) =1 + aEM(EQ - CQBQ) + 5EM(E . B) (55)

where E and B are the electric and magnetic fields, and agys, ey are
coupling constants.

e Strong Nuclear Force:

Farong(r) = L+ g > A5G (x) (56)

where \{; are the generators of the SU(3) group and G are the gluon
fields.
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e Weak Nuclear Force:

1
fweak(r,t) = 14+ a, (WHW ™ + 5ZOZO) (57)

where W+ and Z° are the fields of the weak force vector bosons.

18 Observability and Verifiability of EGRMR

Although EGRMR is an ambitious theory, it proposes several possibilities
for experimental verification.

18.1 Experimental Proposals to Detect Fundamental
Space
1. Precision Quantum Interferometry: Search for subtle deviations

in interference patterns that could indicate variations in the base met-
ric.

2. Atomic Clock Experiments: Measure extremely small variations in
the flow of time in different regions of space.

3. Search for Anisotropies in the Speed of Light: Look for direc-
tional variations in the speed of light that could indicate deviations
from Fundamental Space.

18.2 Testable Predictions of the Theory
EGRMR makes several predictions that could be experimentally tested:

e Modifications to the Photon Dispersion Relation: At extremely
high energies, EGRMR predicts possible deviations from the standard

dispersion relation:
E? =p’c® 4+ 6(E,p) (58)

where §(F, p) is a correction function that depends on the energy scale.

e Quantum Gravity Effects in Primordial Cosmic Expansion:
EGRMR suggests possible signatures of quantum effects in the anisotropies
of the cosmic microwave background radiation:

AT/T ~ <<Af)2>primordial (59)
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e Violations of the Equivalence Principle at Quantum Scales:
EGRMR predicts possible deviations from the equivalence principle

for quantum test particles:
Aa 14 P 2
= o= 60
=~ (7) (60)

where Aa is the difference in acceleration between two test particles
and L is the characteristic scale of the experiment.

Note 18.1. These predictions offer the possibility of distinguishing EGRMR
from other theories of quantum gravity and provide concrete directions for
future experiments and observations. The experimental verification of these
predictions could lead to a deeper understanding of the fundamental nature
of space, time, and matter.

19 Conclusions and Future Perspectives

The Variable Metric Unified Theory (EGRMR) offers an innovative frame-
work for understanding the fundamental nature of space, time, and physical
interactions. Based on the concept of Euclidean Geometry with Rescaled
Metric Regions (EGRMR), this theory proposes a unified vision encompass-
ing scales from the subatomic to the cosmological.

The main implications of the theory include:

e A geometric reinterpretation of the fundamental forces.
e A new understanding of vacuum energy and quantum fluctuations.
e A unified approach to quantum gravity and cosmology.

e Testable predictions that could distinguish EGRMR from other theo-
ries.

While EGRMR offers promising perspectives, numerous challenges and
open questions remain. Future developments could include:

e Refinement of mathematical models and predictions.
e Development of new experimental techniques to test the theory.

e Exploration of the philosophical and conceptual implications of EGRMR.
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e Integration with other advanced theories in physics and cosmology.

In conclusion, EGRMR represents an ambitious attempt to unify our un-
derstanding of physical reality. Its success will depend on experimental veri-
fication and its ability to solve fundamental problems in theoretical physics.
Regardless of the outcome, the development of EGRMR stimulates new re-
search directions and challenges our conventional notions of space, time, and
matter.
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Part 11
Applications in Classical and
Relativistic Physics

20 Practical Applications of the Geometric
Model

20.1 Stellar Evolution

The EGRMR model offers a unified framework for analyzing stellar evolu-
tion in all its aspects. Let’s consider the Sun as an example, throughout
the various stages of its evolution and different aspects of its structure and
environment.

20.1.1 Region of the Sun’s Material Part

We analyze the evolution of the region representing the Sun’s material part,
from the current yellow dwarf phase to its eventual transformation into a
white dwarf.

Yellow Dwarf Phase (Current State)
The region Ry = (Us, 9o, fo) represents the present Sun, where:

e U, is a sphere of radius Rs = 696, 340 km.

o fo(r) =1+kgexp(—r/rg), with kg and rg constants determining the
intensity and scale of the metric dilation.

This metric reflects the Sun’s internal structure, with greater dilation in
the core where fusion reactions occur.

Transition to Red Giant

With the depletion of hydrogen in the core, the Sun will expand into a red
giant. The region evolves into Rrg = (Uga, 9ra, fra), where:

e Ugq is a sphere of radius Rrg ~ 100R.

e fra(r) =1+ krcexp(—r/rrg), with krg < ke and rrg > 76.
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This new metric reflects the physical expansion and redistribution of
mass-energy.

Final Phase: White Dwarf

After expelling the outer layers, the Sun will become a white dwarf, repre-
sented by Rwp = (Uwp, 9wp, fwp):

e Uy p is a sphere of radius Ry p =~ 0.01R.
® fWD(T) =1+ kWD exp(—r/rWD), with kWD > k‘@ and Twp <K e
This highly dilated metric reflects the extreme density of the white dwarf.

20.1.2 Gravitational Field Region

The Sun’s gravitational field is represented by a broader region R = (Ug, 9¢, fa),
where:

o Us extends well beyond the solar system.

o fo(r) =1+ % where M, is the mass of the Sun.

This metric produces the curvature of planetary trajectories and light,
reproducing gravitational effects.
20.1.3 Magnetic Field Region

The solar magnetic field is represented by a region Ry = (Unr, gur, fur),
where:

e U, extends to the heliosphere.

o fu(r,0,0) =1+ aB?(r,0,¢), where B is the magnetic field and « is a
coupling constant.

This metric varies with the solar cycle and influences the behavior of the
solar wind and charged particles.
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20.1.4 Thermal Energy Region

The Sun’s thermal energy is represented by a region Ry = (Ur,gr, fr),
where:

e Uy approximately coincides with Us,.

o fr(r) =1+ BT(r), where T'(r) is the temperature profile and 5 is a
coupling constant.

This metric influences the transport of energy from the Sun’s interior to
its surface.

20.1.5 Effects of Rotational and Orbital Motion

The Sun’s rotational motion around its axis and its orbital motion around
the galactic center introduce further modifications to the metrics:

e Rotation: Produces a dragging effect on the surrounding space, slightly
modifying all metrics as a function of angular velocity.

e Orbital Motion: Introduces a Lorentz contraction in the direction of
motion, affecting all regions on a galactic scale.

These modifications can be incorporated into the metrics of the various
regions through additional terms dependent on time and position.
20.1.6 Advantages of the Unified Approach

This unified framework offers several advantages:

1. Consistency: All aspects of stellar evolution are described in the same
geometric language.

2. Interaction: Interactions between different regions (e.g., magnetic
field and solar wind) emerge naturally from the superposition of met-
rics.

3. Temporal Evolution: Changes in the metrics directly describe stellar
evolution.

4. Simplification: Complex phenomena (e.g., energy transport, solar
cycle) can be modeled through metric variations.
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5. Scalability: The same approach can be applied to stars of different
masses and in different evolutionary stages.

This example demonstrates how the geometric model can provide a uni-
fied and intuitive framework for studying stellar evolution, integrating as-
pects that would traditionally require separate and potentially incompatible
models.

20.1.7 Synthesis: A Unified Framework

The EGRMR model unifies traditionally separate disciplines under a single
framework, such as:

e Nuclear astrophysics

e Magnetohydrodynamics
e Stellar thermodynamics
e Plasma physics

e High-energy physics

e General relativity

e Radiative transfer theory
e Nuclear chemistry

e Particle physics

Quantum mechanics

This unification not only simplifies interdisciplinary understanding but
also opens new possibilities for research and innovation at the intersection
of traditionally separate fields. The geometric approach provides a common
language to describe diverse phenomena such as nucleosynthesis, stellar con-
vection, the evolution of the internal structure of stars, and stellar end-of-life
processes, all within a single conceptual framework based on metric varia-
tions.
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20.2 Unification of Complex Fields

The EGRMR geometric model demonstrates remarkable flexibility in uni-
fying seemingly disparate concepts through the combination of metric scale
functions. This capability extends to abstract and complex mathematical
spaces, such as Hilbert spaces, widely used in quantum mechanics and other
advanced areas of physics.

Consider, for example, the fusion of scale functions f and ¢ in a Hilbert
space H. We define a new combined scale function h : H — R as:

h(w) = F(($1)) - 9(l A0 ) (61)
where ) € H is a state vector, (1h|¢)) is the inner product, A is a Hermitian
operator on H, and || - || denotes the norm induced by the inner product.

This formulation allows for the unification of:

e The probabilistic structure of quantum mechanics (through f)

e The dynamic evolution and quantum observables (through ¢)
In this context, we can interpret:

e f((¥]1))) as a metric that varies with probability

e g(||Ay|) as a metric that varies with the expected value of an observ-
able

This unification allows us to study how the geometric properties of Hilbert
space change in relation to both the quantum state and physical measure-
ments, offering a new perspective on the interaction between state and ob-
servable in quantum mechanics.

Furthermore, this approach can be extended to other complex function
spaces, such as Fock spaces for many-particle systems or Banach spaces for
advanced functional analysis, demonstrating the power and versatility of the
geometric model in unifying advanced mathematical and physical concepts.

20.3 Multidisciplinary Applications

The EGRMR geometric model demonstrates remarkable versatility that ex-
tends well beyond the confines of traditional physics. Here, we explore some
potential applications in various scientific disciplines, highlighting how this
approach can offer new insights and analysis methodologies.
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20.3.1 Biology
In biology, the EGRMR model can be applied to:

e Evolution: Model the space of genetic sequences with a metric that
varies based on selective pressure.

fevo(s) =1+ « - fitness(s) (62)
where s is a genetic sequence and fitness(s) is its evolutionary fitness.

e Ecology: Describe biodiversity in ecosystems with a metric that changes
based on species richness.

feco(r) = 1+ B - species_richness(r) (63)

where r represents a region of the ecosystem.

20.3.2 Chemistry
In the field of chemistry, the EGRMR model can be useful for:

e Chemical Reactions: Represent the space of molecular configura-
tions with a metric that varies with activation energy.

fenem(c) =1+~ -exp(—E,(c)/RT) (64)

where ¢ is a molecular configuration, F,(c) is the activation energy, R
is the gas constant, and T is the temperature.

e Molecular Structure: Model the conformational space of proteins
with a metric that varies with free energy.

Jorot(®) =140 - AG(x) (65)
where x represents a protein conformation and AG(x) is the change in
free energy.

20.3.3 Social Sciences

In the social sciences, the EGRMR model can find applications in:

e Economics: Represent financial markets with a metric that varies
with volatility.

frin(t) =1+€-0(t) (66)

where o(t) is the market volatility at time ¢.
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e Sociology: Model social networks with a metric that changes based
on the strength of connections.

fsoc(i,7) = 1+ C - connection_strength(i, j) (67)

where connection strength(i, j) represents the strength of the connec-
tion between individuals ¢ and j.

20.4 Modeling Complex Systems

The EGRMR geometric model demonstrates remarkable versatility in ad-
dressing the modeling of complex systems, characterized by nonlinearity,
multidimensionality, and emergent behaviors. Here, we explore some ap-
plications that highlight the power of our approach in various domains.

20.4.1 Complex Ecosystems

Consider an ecosystem with multiple interacting species. We can define a
metric scale function that varies with the complexity of interactions:

JeeoX,t) = T4 a > Jag () |z (68)
.3
where x is the vector of species populations, a;;(t) are the time-dependent

interaction coefficients, and « is a coupling constant. This formulation allows
for modeling;:

e Nonlinear predator-prey dynamics
e Feedback effects and trophic cascades

e Phase transitions in ecosystems

20.4.2 Complex Networks

For a complex network, such as a social network or a neural network, we can
define a metric that varies with topology and information flow:

C(i,J1)
ki(0)k; ()

where C(i, j,t) is a measure of centrality of the link between nodes i and
J, and k;(t) is the degree of node ¢ at time ¢. This metric can capture:

Jret(i,J,8) =1+ (69)

e Formation and dissolution of communities
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e Propagation of information or epidemics

e Synchronization phenomena in the network

20.4.3 Financial Systems

To model complex financial markets, we can introduce a metric that varies
with multiple risk factors:

frin(r,t) =147 Z wi(t)]os(r, 1) (70)

where r is a vector of asset returns, o; are risk factors, and w;(t) are
time-dependent weights. This formulation can capture:

e Nonlinear market dynamics
e Time-varying correlations between assets

e Formation and bursting of speculative bubbles

20.4.4 Reaction-Diffusion Systems

For reaction-diffusion systems, such as those describing Turing patterns or
chemical waves, we can define:

fraWx,t) = 146> [Vu(x, 1) (71)

where u is the vector of chemical concentrations and x is the spatial
position. This metric can model:

e Formation of spatiotemporal patterns
e Transitions between homogeneous and heterogeneous states

e Propagation of wavefronts in excitable media

These examples demonstrate how the EGRMR geometric model can ad-
dress a wide range of complex, multidimensional, and nonlinear problems.
The flexibility in defining the variable metric allows capturing the essen-
tial features of different complex systems, providing a unified framework for
their analysis and understanding. This approach not only offers new insights
into the underlying mechanisms of these systems but also paves the way for
innovative methodologies for their modeling and prediction.
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20.5 Synthesis: A Unified Framework

The EGRMR geometric model provides a unified framework for various sci-
entific disciplines. This variable metric-based approach proves to be a pow-
erful conceptual and analytical tool that transcends traditional boundaries
between different branches of science.

20.5.1 Common Language

The concept of metric variations offers a common language to describe seem-
ingly disparate phenomena:

In fundamental physics, it describes the curvature of spacetime and
quantum interactions.

In biology, it models evolution and ecosystem dynamics.

In chemistry, it represents reactions and molecular conformations.

In computational sociology, it captures the dynamics of social networks.

This linguistic uniformity facilitates interdisciplinary communication and
collaboration, opening new avenues for the cross-fertilization of ideas between
different fields.

20.5.2 Structural Analogies

The model reveals deep structural analogies between phenomena in different
disciplines:

faiscipiine (variables) = 1 + « - function(variables) (72)

This general form adapts to multiple contexts, highlighting hidden simi-
larities between:

e Gravitational curvature and selective pressures in biology
e Quantum fluctuations and market dynamics in economics

e Particle diffusion and information propagation in social networks
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20.5.3 Consistent Approach to Analysis

The framework provides a consistent approach for analyzing complex systems
in various fields:

e Unified perturbation methods to study deviations from equilibrium
states

e Renormalization techniques applicable in both particle physics and
ecology

e Stability and bifurcation analysis generalizable from fluid dynamics to
sociology

20.5.4 Innovation at the Intersection

The conceptual unification opens new possibilities for innovation at the in-
tersection of traditionally separate fields:

e Application of statistical physics techniques to biological and artificial
neural networks

e Use of algebraic topology concepts for genomic data analysis

e Employment of quantum field theory methods in computational finance

20.5.5 Simplifying Interdisciplinary Understanding

The EGRMR model simplifies interdisciplinary understanding by:
e Providing a common conceptual basis for diverse phenomena
e Facilitating the transfer of insights from one field to another

e Reducing the entry barrier for researchers moving between disciplines

20.5.6 Future Perspectives
Looking to the future, this unified framework promises to:
e Catalyze new interdisciplinary collaborations
e Inspire innovative approaches to solving complex problems

e Guide the development of new analytical and computational method-
ologies
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e Provide a foundation for more comprehensive and fundamental theories
of complexity

In conclusion, the EGRMR geometric model, with its central concept
of variable metric, emerges as a powerful unifying tool in modern science.
Transcending traditional disciplinary boundaries, it offers not only a common
language and a consistent approach to analysis but also a springboard for
innovation and discovery at the intersection of different fields. As we continue
to explore and develop this framework, we expect it to play an increasingly
central role in shaping our interdisciplinary understanding of the natural
world and the complex systems that comprise it.

21 Comparison with Einstein’s Theory of Rel-
ativity

21.1 Reproduction of Special Relativity Effects

21.1.1 Time Dilation

In the EGRMR model, time dilation emerges naturally from the properties
of regions with rescaled metrics. Consider an object in relative motion with
respect to a stationary observer. This scenario is represented by a sequence
of regions R, = (U, gv, f»), where:

e U, is a region of space centered on the moving object
e g, is the standard Euclidean metric

o f, = +/1—2v2/c% where v is the velocity of the object relative to the
observer and c is the speed of light

The scale factor f, induces a contraction of the spatial metric in the
direction of motion. According to the fundamental principle of the EGRMR
model, the ratio between the proper time 7 measured by the moving object
and the time ¢t measured by the stationary observer is:

dr 1 1

P T ————— ,7
dt fo /1 —02/c?
where 7 is the Lorentz factor.

This equation is identical to the formula for time dilation in special rel-
ativity. However, in the EGRMR model, it derives directly from the metric

(73)
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variation of space, rather than from a fusion of space and time into a four-
dimensional continuum.
Time dilation manifests in various observable phenomena:s:

1. Decay of atmospheric muons: Muons produced by cosmic rays in
the upper atmosphere reach the Earth’s surface in greater numbers
than predicted by their rest lifetime, due to time dilation.

2. Atomic clocks on satellites: Clocks on orbiting satellites must be
corrected for time dilation due to their orbital velocity, in addition to
gravitational effects.

3. Experiments with accelerated particles: Unstable particles in ac-
celerators exhibit longer apparent lifetimes when moving at relativistic
speeds.

The EGRMR model quantitatively reproduces these effects, providing
predictions identical to those of special relativity. The key to this equivalence
lies in the geometric interpretation of time dilation as a direct consequence
of the metric variation of space, while maintaining the conceptual simplicity
of a basic Euclidean space.

21.1.2 Length Contraction and Implications for Relativistic Ve-
locities

In the EGRMR model, length contraction emerges as a direct consequence of

the metric variation associated with relative motion. Consider an object with

proper length Ly in motion relative to a stationary observer with velocity v.
The moving object is represented by a region R, = (U,, g., f»), where:

e U, is the region of space occupied by the object
e ¢, is the standard Euclidean metric

o f, =+/1—0v2%/c? is the scale factor, with ¢ being the speed of light

Length contraction in the direction of motion is a direct consequence of
this rescaled metric. The length L of the object as measured by the stationary
observer is given by:

L:vaO:L()\/l—’U2/C2 (74)

This equation is identical to the formula for length contraction in spe-
cial relativity. However, in the EGRMR model, it derives from the metric
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variation of space itself, rather than from a property of four-dimensional
spacetime.
Key aspects of this interpretation:

1. Anisotropy of contraction: Contraction occurs only in the direction
of relative motion, consistent with the structure of the rescaled metric.

2. Reciprocity: Contraction is reciprocal; each observer in relative mo-
tion sees the other contracted in the direction of motion.

3. Volume invariance: The total volume of the region R, remains in-
variant, in accordance with the principle of volume conservation in the

EGRMR model.

Experimental evidence for length contraction is indirect but consistent
with predictions:

e Experiments with heavy ion beams: The apparently ”flattened”
shape of atomic nuclei accelerated to relativistic speeds.

e Terrell effect: The apparent rotation of objects in relativistic motion
due to the combination of length contraction and the finite propagation
time of light.

A crucial aspect of the EGRMR model, distinguishing it from conven-
tional special relativity, emerges from the use of the inverse of the Lorentz
factor in the definition of the scale factor:

fo= \/1—212/02:% (75)

This formulation has a remarkable consequence:

Theorem 21.1 (Possibility of Luminal Velocities). In the EGRMR model,
the scale factor f, remains well-defined even for v = ¢, theoretically allowing
motion at the speed of light.

Proof. When v — ¢, we have:

lim f, = limy/1 —v%/c2 =0
v—C

v—C

This limit is finite and well-defined, unlike the Lorentz factor v which diverges
in this case. L

Implications:
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e Maximum contraction: At v = ¢, the length of the object contracts
to zero in the direction of motion.

e Proper time: The proper time for an object moving at the speed of
light stops completely, consistent with dr/dt =1/f, = 0.

e Ubiquity: An object at v = ¢ would, from the perspective of its proper
time, be simultaneously at every point along its trajectory.

This feature of the EGRMR model offers a new perspective on phenom-
ena such as the propagation of light and the behavior of massless particles,
without encountering the mathematical singularities present in conventional
special relativity for v = c.

It is important to note that, while the EGRMR model mathematically
allows motion at the speed of light, the physical implications of such motion
require careful analysis and could lead to new insights into the nature of light
and massless particles.

21.1.3 Generalization of Metric Contraction

A fundamental aspect of the EGRMR model, distinguishing it from conven-
tional special relativity, is its ability to describe more general metric contrac-
tions:

Theorem 21.2 (Generalized Metric Contraction). In the EGRMR model,
the metric contraction associated with relativistic motion can extend to all
spatial directions and is not limited to uniform rectilinear motion.

Consider a region R, = (U,, gu, f») associated with an object in relativistic
motion. The scale factor f, can be generalized as a tensor:

VU5

foij = 0ij —

where v; are the components of the velocity vector and ¢;; is the Kronecker
delta.
Implications:

(76)

c2

1. Three-dimensional contraction: Contraction can occur in all direc-
tions, not just along the direction of motion.

2. Non-inertial motion: The EGRMR model can naturally describe the
metric associated with accelerated or curvilinear motion.
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3. Spherical symmetry: For an object in isotropic motion (e.g., uni-
form expansion or contraction), the contraction would be spherically
symmetric.

4. Continuous transitions: The transition between different velocities
and directions of motion results in continuous transitions of the metric,
without discontinuities.

This generalization offers several advantages:

e Unification: It provides a unified framework for describing relativistic
effects in more complex and realistic scenarios.

e Consistency: It eliminates the need for separate treatments of linear
and non-linear motion.

e Geometric intuition: It offers a more natural visualization of rela-
tivistic effects as continuous deformations of space.

This generalization of metric contraction represents a significant extension
compared to special relativity, allowing the EGRMR model to describe a
wider range of physical phenomena in a coherent and geometrically intuitive
way.

21.1.4 Relativistic Velocity Addition

In the EGRMR model, the relativistic velocity addition emerges naturally
from the metric structure of regions in relative motion.

Consider three reference frames: S, S’, and S”. Let S’ be in motion with
velocity u relative to S, and S” in motion with velocity v relative to S’. We
want to determine the velocity w of S” relative to S.

Theorem 21.3 (Relativistic Velocity Addition). In the EGRMR model, the
resultant velocity w 1s given by:

U +
1+

<

(77)

w =

S

[

where ¢ s the speed of light.

Proof. Consider the rescaled metric regions associated with each reference
frame:

e Rs = (Us,gs,1) for the system S
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e Ry = (Ugs,gsr, fu = /1 —u?/c?) for S’ relative to S
® Rgr = (Ugn,gsr, fo = /1 —v%/c?) for S” relative to S’

The composition of these regions results in an effective region R, =
(Uw, 9w, fw), where f, is the composite scale factor.
Applying the rule of composition of scale factors:

fw:fufv: \/1—'&2/62\/1—1)2/02 (78)

Equating this to the scale factor for the resultant velocity w:

V1—w?/c2 = /1 —u2/c\/1 —v2/c? (79)

Solving for w, we obtain the relativistic velocity addition formula. O

Key properties:

1. Classical limit: For u,v < ¢, it reduces to the classical addition
WU+ .

2. Invariance of c: If v = ¢, then w = ¢ regardless of u, preserving the
invariance of the speed of light.

3. Upper limit: w is always less than c if v and v are less than c.
Implications in the EGRMR model:

e Velocity addition derives directly from the composition of rescaled met-
rics, providing an intuitive geometric interpretation.

e The invariance of the speed of light emerges as a natural consequence
of the metric structure, without the need for additional postulates.

e The formula naturally applies to non-collinear motions as well, gener-
alizing the composition to three-dimensional scenarios.

This formulation of relativistic velocity addition in the EGRMR model
maintains full consistency with the results of special relativity while offering
a new geometric perspective based on the metric structure of space.
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21.1.5 Mass-Energy Equivalence

Mass-energy equivalence, expressed by Einstein’s famous equation E = mc?,

finds a new geometric interpretation in the EGRMR model.

Theorem 21.4 (Mass-Energy Equivalence). In the EGRMR model, the mass
m of an object is equivalent to an energy E given by:

E = mc? (80)
where ¢ is the speed of light.

Geometric Interpretation:

Consider a region R,, = (U, gm, fm) associated with an object of mass
m. The scale factor f,, is related to the presence of mass-energy and can be
expressed as:

fulr) =1+ 25 (31)

where G is the gravitational constant and r is the distance from the center
of the object.

The total dilation of space due to this mass is proportional to the integral
of f,, over all space:

47Gm
2

/Ooo(fm(r) — 1)dnridr = (82)

This total dilation represents the energy associated with the mass m.

Proof. The total energy E associated with the metric dilation can be ex-
pressed as:

E=k /Ooo(fm(r) — 1)4mridr (83)

where k is a proportionality constant.
Substituting the expression for f,,(r) and solving the integral:

ArGm
E=k > (84)
Imposing the correspondence with £ = mc?, we find:
4
c
k= 85
A (85)
This establishes the equivalence between the total metric dilation and the
energy mc?. O
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Implications in the EGRMR Model:

1.

Mass as a geometric property: Mass emerges as a manifestation of
the metric dilation of space.

. Rest energy: The energy mc? represents the intrinsic energy associ-

ated with the metric dilation of an object at rest.

Mass-energy conversion: Processes that modify the mass of a sys-
tem correspond to changes in the metric structure of the surrounding
space.

Gravity and energy: The relationship between mass and energy
provides a geometric basis for understanding how energy gravitates.

Experimental Verification:

Nuclear reactions: The release of energy in nuclear reactions corre-
sponds exactly to the decrease in mass of the involved nuclei.

Pair production: The creation of particle-antiparticle pairs from
high-energy photons demonstrates the direct conversion of energy into
mass.

Nuclear mass defect: The difference between the mass of a nucleus
and the sum of the masses of its nucleons corresponds to the nuclear
binding energy.

This formulation of mass-energy equivalence in the EGRMR model main-
tains full consistency with the results of relativity, while offering a new ge-
ometric perspective based on the metric structure of space. The energy
associated with mass emerges naturally as an intrinsic property of geome-
try, unifying the concepts of mass, energy, and spatial structure into a single
coherent framework.

21.1.6 Invariance of the Speed of Light

The invariance of the speed of light, a fundamental principle of special rela-
tivity, emerges in the EGRMR model as a natural consequence of the metric
structure of space.

Theorem 21.5 (Invariance of the Speed of Light). In the EGRMR model,
the speed of light c is invariant in all inertial reference frames.
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Proof. Consider a region R, = (U,, g,, f,) moving with velocity v relative to
a stationary observer. The scale factor is given by:

fo=+1—-0v%/c? (86)

For a ray of light propagating in this region, the locally measured velocity
¢ is related to the velocity ¢ measured by the stationary observer by the
relation:

d=— (87)

Substituting the expression for f,:

/ Cc

= —— (88)

V1—v?/c?
The proper distance dl’ traveled by the light ray in a proper time interval
dt’ in the moving region is:
dl' = ddt’ (89)

However, for the stationary observer, this distance appears contracted by
the factor f,:

dl = f,dl' = f,ddt’ (90)
Substituting the expression for ¢:

C

V1—=0v%/c?

Therefore, the speed of light measured by the stationary observer is:

dl = f, dt' = edt/ (91)

dl
This demonstrates that the speed of light is invariant, regardless of the
relative motion of the region. O

Implications in the EGRMR Model:

1. Fundamental metric structure: The invariance of ¢ emerges from
the metric structure of space, not as a separate postulate.

2. Local and global constancy: The speed of light is constant both
locally within a region and globally between different regions.
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3. Natural speed limit: The speed of light emerges as a natural speed
limit, arising from the metric structure of space.

4. Connection of space and time: The invariance of ¢ intrinsically
links spatial and temporal scales in all regions.

Experimental Verification:

e Michelson-Morley experiment: The failure to detect variations in
the speed of light due to the Earth’s motion.

e Particle accelerator experiments: The impossibility of accelerating
particles beyond the speed of light, regardless of the energy supplied.

e Astronomical observations: The constancy of the speed of light
from sources in rapid motion (such as quasars or relativistic binaries).

Uniqueness of the EGRMR Approach: In the EGRMR model, the
invariance of the speed of light is not a postulate but a consequence of the
metric structure of space. This geometric interpretation offers a deeper and
more intuitive understanding of this fundamental principle, unifying it with
other aspects of relativistic theory within a single coherent geometric frame-
work.

21.2 Reproduction of General Relativity Effects

21.2.1 Deflection of Light

In the EGRMR model, the deflection of light emerges naturally as a conse-
quence of metric variation in the presence of masses.

Theorem 21.6 (Deflection of Light). A ray of light passing near a massive
object undergoes deflection due to the metric dilation of the space surrounding
the object.

Consider a mass M represented by a region Ry = (Unr, gur, far), where:

e U, is a spherical region centered on the mass M
e ¢,/ is the standard Euclidean metric

o fu(r) =1+ 2607124 is the scale factor, with G being the gravitational
constant
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The trajectory of a light ray in this metric is described by the null geodesic
equation:

d?zt dx¥ dxP
+IH =
d\? PdN dA
where A is an affine parameter and I') ) are the Christoffel symbols asso-
ciated with the metric hys = f2,9u-

(93)

Sketch of Proof. 1. Calculate the Christoffel symbols for the metric hy;. 2.
Solve the null geodesic equation to obtain the trajectory of the light ray. 3.
Calculate the deflection angle by comparing the initial and final asymptotic
directions of the ray. O

The result of this calculation leads to the deflection angle:

o_ AGM

b
where b is the impact parameter of the light ray.
Key aspects:

1. Geometric interpretation: The deflection is a direct consequence of
the metric dilation of space, not of a gravitational ”force” on light.

2. Continuity of trajectory: The light ray follows a continuous and
differentiable trajectory through the region with rescaled metric.

3. Generalized Fermat’s principle: The trajectory of the ray mini-
mizes the travel time in the rescaled metric.

4. Dependence on mass: The deflection angle is proportional to the
mass of the deflecting object, in agreement with observations.

Experimental Verification:

e Solar eclipse of 1919: First verification of the deflection of light by
the Sun, confirming Einstein’s prediction.

e Gravitational lensing: Observation of multiple images of distant
quasars and galaxies due to the deflection of light by intervening galax-
ies or galaxy clusters.

e Einstein rings: Formation of luminous rings when the source, the
gravitational lens, and the observer are perfectly aligned.
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Uniqueness of the EGRMR Approach: In the EGRMR model, the
deflection of light emerges from the metric structure of space, without re-
quiring the concept of spacetime curvature. This provides a more intuitive
visualization of the phenomenon, while maintaining full consistency with the
predictions of general relativity and experimental observations.

21.2.2 Precession of Mercury’s Perihelion

The anomalous precession of Mercury’s perihelion, one of the classic tests of
general relativity, finds a natural explanation in the EGRMR model.

Theorem 21.7 (Perihelion Precession). In the EGRMR model, the orbit of a
planet around a star undergoes precession due to the metric dilation of space
surrounding the star.

Consider the Sun-Mercury system represented by a region Re, = (Us, 9o, fo),
where:

e U, is a spherical region extending well beyond Mercury’s orbit

® (o is the standard Euclidean metric

c2r c2r

2
o fo(r)=1+ WMy _ 26Mg (RT—Q) is the scale factor

Here, M, is the mass of the Sun, R its radius, and the quadratic term
represents a correction due to the non-pointlike distribution of the solar mass.
The equation of motion for Mercury in this metric is given by:

d?xH dx¥ dx?
” — =0 95
dr? Pdr dr (95)
where 7 is the proper time and I}, are the Christoffel symbols associated
with the metric he = f2g0.

Sketch of Proof. 1. Calculate the Christoffel symbols for the metric hg. 2.
Solve the equation of motion using polar coordinates (r,6). 3. Derive the
orbit equation in the form u(6) = 1/r(f). 4. Calculate the perihelion advance
per revolution. O

The result of this calculation leads to the perihelion advance per revolu-
tion:

67G M,
2a(l — €?)
where a is the semi-major axis of the orbit and e is its eccentricity.
Key aspects:

Af = (96)
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1. Geometric interpretation: The precession is a direct consequence of
the metric dilation of space, not a modification of the law of gravitation.

2. Non-Newtonian correction: The effect emerges as a higher-order
correction to the classical Keplerian orbit.

3. Dependence on orbital parameters: The precession is more pro-
nounced for tighter and more eccentric orbits, explaining why the effect
is most evident for Mercury.

4. Universality: The phenomenon applies to all orbiting bodies, not just
planets, with implications for binary star systems and black holes.

Experimental Verification:

e Observations of Mercury: The observed precession of 43 arcseconds
per century is in perfect agreement with the prediction of the EGRMR
model.

e Other planets: Similar but smaller effects have been observed for
Venus and Earth.

e Binary pulsars: Periastron precession in binary pulsar systems pro-
vides precision tests in strong gravitational fields.

Uniqueness of the EGRMR Approach: In the EGRMR model, peri-
helion precession emerges naturally from the metric structure of space, with-
out requiring the concept of spacetime curvature. This offers a more intuitive
visualization of the phenomenon as a continuous deformation of the orbit due
to the variation of the spatial metric. Furthermore, the EGRMR approach
allows for easy incorporation of corrections due to the non-spherical shape
or rotation of the central body, potentially offering even more accurate pre-
dictions for complex systems.

21.2.3 Shapiro Time Delay

The Shapiro time delay, also known as gravitational time delay, is a rela-
tivistic effect that finds a natural and intuitive explanation in the EGRMR
model.

Theorem 21.8 (Shapiro Time Delay). In the EGRMR model, an electro-
magnetic signal passing near a massive body experiences a time delay due to
the metric dilation of space surrounding the body.
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Consider a massive body (e.g., the Sun) represented by a region R,; =
(Unt, 9, far), where:

e U, is a spherical region extending well beyond the signal’s path

e gy is the standard Euclidean metric

o fu(r) =1+ 2M is the scale factor, with M being the mass of the
body

The time At taken by a signal to travel a distance dl in the rescaled
metric is given by:

Iu(r)

d(at) = 2L

dl (97)
Derivation of the Delay. 1. Integrate the equation for travel time along the

signal’s path:
1
At = — fM (T’)dl

c path

2. Use the geometry of the problem to express r as a function of the coordi-
nate along the path. 3. Calculate the difference between this time and the
travel time in the absence of the massive body. O

The result of this calculation leads to the total delay:
4GM <4.§L’1.T2)
In

3 b2
where x; and x5 are the distances of closest approach from the emitter
and receiver, respectively, and b is the impact parameter of the signal.
Key aspects:

Atdelay =

(98)

1. Geometric interpretation: The delay is a direct consequence of the
lengthening of the path in the dilated metric space.

2. Logarithmic dependence: The delay increases logarithmically with
the distance of the path, a distinctive effect of the geometric nature of
the phenomenon.

3. Symmetry: The delay is symmetric with respect to the point of closest
approach, reflecting the symmetry of the rescaled metric.

4. Universality: The effect applies to all types of electromagnetic signals,
regardless of their frequency.
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Experimental Verification:

e Radar Echo Delay: Measurements of the delay of radar signals re-
flected from planets and space probes as they pass behind the Sun.

e Cassini Probe: High-precision measurements of the Shapiro delay
during the Cassini-Huygens mission to Saturn.

e Pulsar Timing: Observations of the delay in pulsar pulses when their
line of sight passes near the Sun.

Uniqueness of the EGRMR Approach: In the EGRMR model, the
Shapiro time delay emerges as a natural consequence of the metric variation
of space, without the need to invoke the curvature of spacetime. This in-
terpretation offers a more intuitive visualization of the phenomenon as an
effective "stretching” of the signal’s path through a region with dilated met-
ric.

Furthermore, the EGRMR approach allows for easy extension of the cal-
culation to more complex scenarios, such as:

e Rotating massive bodies, incorporating frame-dragging effects.
e Binary systems, where the rescaled metric varies over time.

e Strong gravitational fields, where higher-order corrections become sig-
nificant.

This flexibility could lead to more accurate predictions in extreme astro-
physical situations, offering potential strong gravity tests for the EGRMR
model.

21.2.4 Gravitational Redshift

Gravitational redshift, a fundamental effect predicted by general relativity,
finds a natural and intuitive explanation in the EGRMR model.

Theorem 21.9 (Gravitational Redshift). In the EGRMR model, the fre-
quency of an electromagnetic signal undergoes a redshift when it propagates
from a region of more dilated metric to a region of less dilated metric.

Consider a massive body represented by a region Ry = (U, 9o, fr)s
where:

e U, is a spherical region extending beyond the point of observation
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® gy is the standard Euclidean metric

o fu(r) =1+ QST]X[ is the scale factor, with M being the mass of the
body

Proof. Let v, be the frequency of a signal emitted at a distance r, from the
center of the massive body, and 1, be the frequency observed at a distance
ro. In the EGRMR model, these frequencies are related by the ratio of the
scale factors:

Ve fM (T0>
Substituting the expression for fu(r):
U 14+ 2C2}'M
L= Cre (100)
Ve 1+ 20(2;7{\4
For % < 1, we can approximate:
o 2GM (1 1
NS e (———) (101)
Ve c Te Ty
This is the classical expression for gravitational redshift. O

Key aspects:

1. Geometric interpretation: Redshift is a direct consequence of the
variation of the spatial metric, not of a gravitational "pull” on photons.

2. Local conservation: Locally, the frequency of the signal remains con-
stant; the shift emerges only when comparing regions with different
metrics.

3. Reciprocity: A signal propagating towards a region with a more di-
lated metric will undergo a blueshift.

4. Invariance of the number of oscillations: The total number of
oscillations of the signal is conserved, but it is "diluted” over different
time intervals.

Experimental Verification:

e Pound-Rebka experiment: Precise measurement of redshift over a
vertical distance of 22.6 meters on Earth.
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e Space probes: Measurements of the anomalous Doppler shift in probes
like Pioneer 10 and 11.

e GPS: Corrections for gravitational redshift are essential for the accu-
rate operation of the GPS system.

e White dwarfs: Observation of redshift in the spectral lines of white
dwarfs, where the gravitational field is very intense.

Uniqueness of the EGRMR Approach:

In the EGRMR model, gravitational redshift emerges as a natural con-
sequence of the metric variation of space, without the need to invoke the
curvature of spacetime or the concept of gravitational potential. This inter-
pretation offers several advantages:

e Intuitive visualization: The effect can be visualized as a ”dilation”
or ”contraction” of electromagnetic oscillations as the signal traverses
regions with rescaled metrics.

e Unification with other effects: Redshift is intrinsically linked to
other phenomena like time dilation and light deflection, all arising from
the same metric structure.

e Extension to strong fields: The EGRMR approach naturally ex-
tends to strong gravity scenarios, where linear approximations are no
longer valid.

e Predictions in complex systems: The model allows for calculating
redshift in systems with non-symmetric or dynamic mass distributions,
opening new possibilities for testing.

Furthermore, the EGRMR model suggests new research directions, such
as exploring possible fine variations in redshift that could emerge from more
complex metric structures, potentially testable with the next generation of
high-precision experiments.

21.2.5 Gravitational Waves

In the EGRMR model, gravitational waves emerge as dynamic perturbations
of the metric that propagate through space.

Theorem 21.10 (Gravitational Waves). In the EGRMR model, gravita-
tional waves are represented by spherical shells of metric perturbation ex-
panding in three-dimensional space.
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Consider a region Ry = (Uw, gw, fw), where:

e Uy is the three-dimensional space
e gy is the standard FEuclidean metric

o fi(r,t) =1+ h(r,t) is the scale factor, with h(r,t) being the gravita-
tional wave perturbation

The function h(r,t) can be expressed as:

h(r,t) = ésin(k:r — wt) (102)

where A is the amplitude of the wave, k is the wave number, and w is the
angular frequency.
Key characteristics:

1. Spherical structure: The wave propagates as an expanding spherical
shell, with the amplitude decreasing as 1/r.

2. Volume conservation: The total perturbed volume remains constant
as the wave expands, consistent with energy conservation.

3. Local metric variation: At each point, the metric oscillates period-
ically, causing alternating dilations and contractions of space.

4. Polarization: Gravitational waves can have two polarizations, repre-
sented by different components of the metric perturbation tensor.

Sketch of Derivation. 1. Start from the linearized field equations of the
EGRMR model. 2. Look for solutions of the form fy (r,t) = 1+ h(r,t).
3. Impose the transversality and traceless conditions on h(r,t). 4. Solve the
resulting wave equation to obtain the spherical form of the solution. O

Observable effects:

e Stretching and compression of space: The waves cause periodic
variations in the distances between free objects.

e Phase modulation: Electromagnetic signals passing through the per-
turbed region undergo phase modulation.

e Gyroscope precession: A free gyroscope will precess as the gravita-
tional wave passes.
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Experimental Verification:

e LIGO and Virgo: Direct detection of gravitational waves from black
hole mergers and neutron star mergers.

e Pulsar timing arrays: Search for low-frequency gravitational waves
through observations of millisecond pulsar timing.

e Polarization: Future space-based detectors like LISA could measure
the polarization of gravitational waves.

Uniqueness of the EGRMR Approach:
In the EGRMR model, gravitational waves emerge as direct perturbations
of the three-dimensional spatial metric, offering several advantages:

e Intuitive visualization: The waves can be visualized as spherical
shells expanding in three-dimensional space, facilitating understanding.

e Natural conservation: The decrease in amplitude as 1/r emerges
naturally from the spherical geometry, ensuring energy conservation.

e Unification with other effects: Gravitational waves are intrinsically
linked to other gravitational phenomena in the EGRMR model, all
arising from variations in the spatial metric.

e Extension to nonlinear scenarios: The model naturally lends it-
self to extension to strong gravitational field regimes, where nonlinear
effects become important.

This interpretation of gravitational waves as spherical shells of metric
perturbation offers a new perspective on the nature of these phenomena,
potentially opening new directions for theoretical and observational research
in the field of gravity.

21.2.6 Gravitational Time Dilation

Gravitational time dilation, one of the most significant and experimentally
verified effects of general relativity, finds a natural and intuitive explanation
within the EGRMR model.

Theorem 21.11 (Gravitational Time Dilation). In the EGRMR model, time
runs slower in regions with greater metric dilation, typically associated with
stronger gravitational fields.
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Consider a region Rg = (Ug, gc, fc) in the presence of a gravitational
field, where:

e Ug is a region of three-dimensional space
e ¢¢ is the standard Euclidean metric

o fo(r)=1+ 2CGT]7\=4 is the scale factor, with M being the mass generating
the gravitational field

Proof. Let dr be a proper time interval measured by a clock at a distance
r from the mass M, and let dt be the corresponding time interval measured
by a clock far from the gravitational field (where fg ~ 1). In the EGRMR

model, these intervals are related by:

dr 1 1
R = 103
dt ~ folr) 1+ % (103)
For 2(%4 < 1, we can approximate:
dr 2GM
— =~ — 104
dt c2r (104)
This is the classical expression for gravitational time dilation. O]

Key aspects:

1. Geometric interpretation: Time dilation is a direct consequence of
the metric dilation of space, not an intrinsic ”slowing down” of clocks.

2. Temporal gradient: The flow of time varies continuously in space,
creating a temporal gradient correlated with the gradient of the gravi-
tational field.

3. Reciprocity: Observers in regions with different metric dilation will
mutually perceive each other’s time as flowing at different rates.

4. Local invariance: Locally, each observer perceives their own time as
flowing normally; the effect emerges only from the comparison between
different regions.

Experimental Verification:

e Hafele-Keating experiment: Atomic clocks on airplanes in flight
show time differences consistent with gravitational time dilation.
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e GPS system: Corrections for gravitational time dilation are essential
for GPS accuracy, with satellites experiencing faster time than the
Earth’s surface.

e Gravity Probe A: Space mission that measured gravitational time
dilation with high precision using a hydrogen maser.

e MICROSCOPE: Space experiment that tested the equivalence prin-
ciple, indirectly confirming gravitational time dilation.

Uniqueness of the EGRMR Approach:
In the EGRMR model, gravitational time dilation emerges as a natural
consequence of the metric variation of space, offering several advantages:

e Intuitive visualization: The effect can be visualized as a ”dilation”
of space that directly influences the flow of time.

e Unification with other effects: Time dilation is intrinsically linked
to other phenomena like redshift and light deflection, all arising from
the same metric structure.

e Extension to strong fields: The EGRMR approach naturally ex-
tends to strong gravity scenarios, where linear approximations are no
longer valid.

e Predictions in complex systems: The model allows for calculating
time dilation in systems with non-symmetric or dynamic mass distri-
butions, opening new possibilities for testing.

Cosmological Implications:
Gravitational time dilation in the EGRMR model has profound cosmo-
logical implications:

e Age of the universe: Time dilation influences our perception of the
age of the universe, with regions of different mass-energy density expe-
riencing different rates of cosmic time flow.

e Cosmological horizon: The concept of the cosmological horizon can
be reinterpreted in terms of regions with extreme metric dilation.

e Cosmic inflation: The primordial period of inflation could be de-
scribed as a rapid variation of the spatial metric, drastically affecting
the flow of time in the early stages of the universe.
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This interpretation of gravitational time dilation offers a new perspective
on the nature of time itself, suggesting that time is not a separate dimension
but an emergent manifestation of the metric structure of three-dimensional
space.

21.2.7 Lense-Thirring Effect (Frame Dragging)

The Lense-Thirring effect, also known as frame dragging, is a subtle yet

profound relativistic phenomenon that finds a new interpretation within the
EGRMR model.

Theorem 21.12 (Lense-Thirring Effect). In the EGRMR model, a rotating
massive body induces a twist in the metric of the surrounding space, causing
a dragging of local inertial frames.

Consider a region Ryr = (Urr, go7, frr) around a rotating body of mass
M and angular momentum J, where:

e U;r is a region of three-dimensional space around the body
e g7 is the standard Euclidean metric
e frr(r,t) is a tensor scale factor that includes rotational effects

The scale factor frr can be expressed as:

frrig = 0ij + 2 dij + (J X 1)idj0 (105)

where §;; is the Kronecker delta and ¢;, selects the temporal component.

Sketch of Derivation. 1. Start from the field equations of the EGRMR model
for a rotating body. 2. Linearize the equations for small angular velocities. 3.
Solve for the scale factor frr, including frame-dragging terms. 4. Calculate
the effect on test particles and gyroscopes. O

Observable effects:

1. Gyroscope precession: A gyroscope in orbit around the rotating
body will precess with an angular velocity:

Qur — -2 133 1) — ] (106)

c2r3

2. Orbital precession: The orbit of a satellite will undergo a precession
of the orbital plane.
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3.

Time delay: Signals propagating in opposite directions around the
rotating body will show a differential time delay.

Experimental Verification:

Gravity Probe B: NASA space mission that directly measured the
precession of gyroscopes due to the Earth’s Lense-Thirring effect.

LAGEOS: Satellites used to measure orbital precession due to frame
dragging.

Binary pulsars: Observations of binary pulsar systems have provided
indirect evidence of the Lense-Thirring effect in strong gravitational
fields.

Uniqueness of the EGRMR Approach:
In the EGRMR model, the Lense-Thirring effect emerges as a twist in
the spatial metric, offering several advantages:

Intuitive visualization: The effect can be visualized as a ”twisting”
of three-dimensional space, aiding understanding.

Unification with other effects: Frame dragging is intrinsically linked
to other gravitational phenomena in the EGRMR model, all arising
from variations in the spatial metric.

Extension to strong field regimes: The model naturally lends itself
to extension to strong gravity scenarios, such as rotating black holes,
where the effect becomes more pronounced.

Connection with electromagnetism: The metric torsion in the
EGRMR model suggests interesting analogies with the magnetic field in
electromagnetism, potentially opening new avenues for the unification
of forces.

Astrophysical and Cosmological Implications:

Rotating black holes: The EGRMR model could provide new in-
sights into the structure of the ergosphere and event horizon of Kerr

black holes.

Formation of cosmic structures: The Lense-Thirring effect could
play a role in the formation and evolution of large-scale structures in
the universe, influencing the distribution of angular momentum.
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e Testing Mach’s principle: The EGRMR approach offers a new con-
text for exploring the connection between local rotation and the mass
distribution in the universe.

This interpretation of the Lense-Thirring effect as a torsion of the spa-
tial metric offers a new perspective on the nature of rotation and inertia in
gravity, potentially opening new directions for research in general relativity
and beyond.

21.3 Conceptual and Mathematical Differences

21.3.1 Spacetime vs. Euclidean Space with Rescaled Metric

The EGRMR model offers a conceptual and mathematical alternative to the
four-dimensional spacetime of general relativity. This section explores the
main differences between the two approaches.

Theorem 21.13 (Descriptive Equivalence). The EGRMR model can repro-
duce all the effects predicted by general relativity using only a three-dimensional
Fuclidean space with a rescaled metric.

Comparison of Fundamental Structures:
1. Dimensionality:

e General Relativity (GR): 4D spacetime (3 spatial 4+ 1 temporal)

e EGRMR: Three-dimensional Euclidean space with rescaled metric
2. Nature of Time:

e GR: Time is a dimension of the spacetime continuum

e EGRMR: Time emerges from variations in the spatial metric
3. Metric:

e GR: Metric tensor g, in four dimensions

e EGRMR: Scale factor f(r,t¢) in three dimensions
4. Curvature:

e GR: Intrinsic curvature of spacetime

e EGRMR: Variation of the metric in a flat Fuclidean space

5. Field Equations:
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o GR: G, = 8:—4GTW
e EGRMR: V2f = kpf? (simplified form)

Conceptual Implications:

e Visualization: EGRMR offers a more intuitive visualization of gravi-
tational effects as variations of the metric in a familiar three-dimensional
space.

e Locality: In EGRMR, all gravitational effects are local, avoiding some
of the issues related to non-locality in GR.

e Causality: The causal structure emerges naturally from metric varia-
tions in EGRMR, without the need for 4D light cones.

¢ Quantization: EGRMR may offer a more direct path towards quan-
tization, working only with a three-dimensional space.

Mathematical Advantages of EGRMR:

1. Simplicity: Equations in EGRMR are generally simpler, involving
only spatial derivatives.

2. Regularity: EGRMR naturally avoids some singularities that emerge
in GR, such as the Big Bang singularity.

3. Unification: The structure of EGRMR lends itself more easily to
unification with other field theories, like electromagnetism.

4. Computation: Numerical simulations in EGRMR could be more ef-
ficient, working in three dimensions instead of four.

Challenges for EGRMR:

e Lorentz Invariance: Demonstrating complete equivalence with GR
in all regimes.

e Black Holes: Providing a complete description of event horizons and
singularities.

e Cosmology: Developing a complete cosmological model based on EGRMR.

e Experimental Tests: Identifying unique predictions of EGRMR that
distinguish it from GR.
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Future Perspectives:

EGRMR offers a new perspective on the nature of space, time, and grav-
ity. While reproducing all the effects predicted by GR, its fundamentally dif-
ferent approach could open new avenues to address open problems in physics,
such as:

e The nature of dark matter and dark energy
e The unification of gravity with quantum mechanics
e The resolution of the black hole information paradox

e A new understanding of the origin and evolution of the universe

In conclusion, while general relativity remains a highly successful the-
ory, EGRMR offers a conceptually distinct alternative that deserves further
exploration. Its simplicity and intuitiveness could lead to new insights and
progress in areas where GR has encountered difficulties.

21.3.2 Intrinsic Curvature vs. Rescaled Metric

One of the fundamental differences between general relativity (GR) and the
EGRMR model is the way they represent gravitational effects. While GR
uses the intrinsic curvature of spacetime, EGRMR relies on a rescaled metric
in a flat Euclidean space.

Theorem 21.14 (Descriptive Equivalence). Gravitational effects described
by intrinsic curvature in GR can be equivalently represented by a rescaled
metric in Euclidean space.

Comparison of Fundamental Concepts:

1. Nature of Space:

e GR: Intrinsically curved spacetime

e EGRMR: Flat Euclidean space with rescaled metric
2. Mathematical Representation:

e GR: Riemann curvature tensor Rj ;
e EGRMR: Metric scale factor f(r,t)

3. Origin of Gravitational Effects:
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e GR: Deformation of the spacetime fabric

e EGRMR: Local variation of the spatial metric
4. Geodesics:

e GR: Worldlines in curved spacetime

e EGRMR: Trajectories in Fuclidean space with rescaled metric

Mathematical Equivalence:
To demonstrate the equivalence between the two approaches, consider a
simple example: the gravitational field of a point mass.

e In GR, the Schwarzschild metric is given by:

-1
ds® = — (1 — 2GM) Adt? + (1 — 2GM> dr? + r2dQ?

c2r c2r

e In EGRMR, we can represent the same field with a scale factor:

c2r

2GM)_1/2

applied to a Euclidean spatial metric.

It can be shown that the equations of motion derived from these two
representations are equivalent.
Conceptual Advantages of EGRMR:

1. Intuition: The rescaled metric offers a more intuitive visualization of
gravitational effects as ”dilations” or ”contractions” of space.

2. Continuity with Classical Physics: EGRMR maintains a basic
Euclidean space, facilitating the connection with classical concepts.

3. Locality: Gravitational effects in EGRMR are intrinsically local, avoid-
ing some non-locality issues in GR.

4. Singularities: EGRMR may offer a natural way to avoid singularities,
representing them as regions of extreme metric dilation.

Mathematical Challenges:

e Gauge Invariance: Demonstrating complete equivalence with GR
requires careful consideration of gauge transformations.
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e Field Equations: Deriving field equations in EGRMR that are fully
equivalent to Einstein’s equations.

e Topology: Handling topological changes (e.g., black holes) within a
flat space framework.

Physical Implications:

1. Nature of Gravity: In EGRMR, gravity emerges as an effect of local
metric variation, not as global curvature.

2. Propagation of Gravitational Waves: In EGRMR, gravitational
waves are represented as waves of metric dilation in flat space.

3. Gravitational Energy: The localization of gravitational energy might
be more natural in EGRMR, being directly linked to local metric vari-
ations.

4. Quantization: The structure of EGRMR could offer new perspectives
for the quantization of gravity, working with metric variations in flat
space rather than curvature.

Future Perspectives:

The EGRMR approach, based on a rescaled metric rather than intrinsic
curvature, offers a new perspective on the nature of space and gravity. This
could lead to new insights in areas such as:

e The formulation of a quantum theory of gravity
e Understanding the nature of dark energy
e Resolving paradoxes related to black holes

e Developing new cosmological models

In conclusion, while the intrinsic curvature of GR and the rescaled metric
of EGRMR are mathematically equivalent in describing known gravitational
effects, the EGRMR approach offers a conceptually distinct perspective that
could open new avenues in fundamental physics research.
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21.3.3 Equivalence Principle

The equivalence principle, a cornerstone of general relativity (GR), finds a
new interpretation within the EGRMR model. This section explores how
EGRMR incorporates and reinterprets this fundamental principle.

Theorem 21.15 (Equivalence Principle in EGRMR). In our geometry, the
effects of a gravitational field are locally indistinguishable from the effects of
acceleration in a space with a uniform metric.

Comparison of Formulations:
1. General Relativity:

e A reference frame in free fall in a gravitational field is locally
equivalent to an inertial frame in the absence of gravity.

e Mathematically: the affine connection can be locally canceled at
a chosen point.

2. EGRMR:

e A reference frame in a region with a rescaled metric is locally
equivalent to an accelerated frame in a region with a uniform
metric.

e Mathematically: the gradient of the scale factor can be locally
canceled at a chosen point.

Mathematical Formulation in EGRMR:
Consider a region R = (U, g, f) with scale factor f(r,t). The equivalence
principle in EGRMR can be expressed as:

Elro,to . Vf(ro,to) =0 and %(I‘o,to) =0 (107)

This means that there always exists a local coordinate system in which
the scale factor appears uniform to first order.
Implications of the Equivalence Principle in EGRMR:

1. Universality of free fall: All objects, regardless of their composition,
follow the same trajectories in a gravitational field (represented by a
rescaled metric).

2. Invariance of physical laws: The laws of physics take the same
form in all local reference frames, both in the presence and absence of
a gravitational field.
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3. Equivalence of inertial and gravitational mass: The mass that
appears in the equations of motion is the same that determines the
metric variation.

4. Gravitational redshift: The redshift effect emerges naturally from
the local variation of the metric.

Subtle Differences with GR:

e Local vs. global nature: In EGRMR, the equivalence is strictly
local, limited to regions where the metric variation is negligible.

e Role of time: In GR, time is an integral part of curved spacetime.
In EGRMR, the flow of time emerges from the variation of the spatial
metric.

e Tidal effects: In EGRMR, tidal effects are interpreted as second-order
variations in the metric, rather than as curvature of spacetime.

Experimental Tests:
The equivalence principle in EGRMR can be tested through experiments
similar to those in GR:

e Eotvos experiments: Verification of the universality of free fall for
different materials.

e Atomic clock experiments: Precise measurement of gravitational

redshift.

e Tests of the weak equivalence principle in space: Missions like
MICROSCOPE that test the equivalence principle at unprecedented
levels of precision.

Implications for Quantum Gravity:
The equivalence principle in EGRMR could offer new perspectives for
reconciling gravity with quantum mechanics:

e Quantization of the metric: Instead of quantizing the curvature of
spacetime, one could consider the quantization of metric variations in
flat space.

e Superposition principle: The local nature of equivalence in EGRMR
could facilitate the application of the quantum superposition principle.
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e Emergent gravity: The equivalence principle in EGRMR suggests
that gravity might emerge from fundamental quantum phenomena that
affect the local metric.

Conclusions:

The equivalence principle, reinterpreted in the context of EGRMR, main-
tains its central role in the description of gravity while offering new perspec-
tives. Its formulation in terms of local metric variations in Euclidean space
could open new avenues to address open questions in fundamental physics,
from the nature of dark matter to the formulation of a theory of quantum
gravity.

21.3.4 Field Equations

Field equations are at the heart of any gravitational theory, describing how
matter and energy influence the geometry of space (or spacetime in general
relativity). This section explores the field equations in the EGRMR model
and compares them with Einstein’s equations of general relativity (GR).

Theorem 21.16 (EGRMR Field Equations). In the EGRMR model, the
relationship between matter-enerqy distribution and spatial metric is described
by a differential equation for the scale factor f(r,t).

Formulation of Field Equations:

1. General Relativity (Einstein’s Equations):

TG

Guu + Agm/ = 7TMV

where G, is the Einstein tensor, A is the cosmological constant, g,,
is the metric tensor, G is the gravitational constant, c is the speed of
light, and 7}, is the energy-momentum tensor.

2. EGRMR (Scale Factor Equation):

Vif+af(Vf)?+Bf° = kpf?

where f is the scale factor, @ and [ are constants, k is a coupling
constant, and p is the matter-energy density.

Derivation of the EGRMR Equation:
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Sketch of Derivation. 1. Start from the principle of least action for the
rescaled metric:

S= / (Rf] + L) /Pt

where R|[f] is the curvature scalar expressed in terms of f, and L, is the
matter Lagrangian.
2. Vary the action with respect to f:

08
0
of
3. After some calculations, the scale factor equation is obtained. O

Comparison and Interpretation:

e Dimensionality: Einstein’s equations are tensorial in 4D, while the
EGRMR equation is scalar in three dimensions.

e Nonlinearity: Both equations are nonlinear, reflecting the self-interacting
nature of gravity.

e Coupling of matter and geometry: In both cases, the matter-
energy distribution directly determines the geometry (metric or scale
factor).

e Cosmological constant: In EGRMR, the term 33 plays a role anal-
ogous to the cosmological constant A in GR.

Solutions and Applications:

1. Static gravitational field:

e GR: Schwarzschild solution
e EGRMR: f(r) =(1— 25%)_1/2

2. Homogeneous and isotropic universe:

e GR: Friedmann-Lemailtre-Robertson-Walker metric

e EGRMR: f(t) = a(t), where a(t) is the cosmological scale factor
3. Gravitational waves:

e GR: Perturbations of the metric propagating at the speed of light
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e EGRMR: Oscillations of the scale factor propagating in three-
dimensional space

Advantages of the EGRMR Approach:

Computational simplicity: The scalar equation in three dimensions
might be easier to solve numerically in many cases.

Intuitive physical interpretation: The scale factor f has a direct
interpretation as a ”dilation” or ”contraction” of space.

Natural unification: The form of the EGRMR equation suggests
possible connections with other field theories, like electromagnetism.

Avoiding singularities: The non-singular nature of the scale factor
could offer new perspectives on problems like black hole singularities.

Challenges and Open Questions:

Complete equivalence: Proving that the EGRMR equation exactly
reproduces all the results of Einstein’s equations in every regime.

Gauge invariance: Formulating a version of the EGRMR equation
that is manifestly invariant under general coordinate transformations.

Quantization: Exploring the possibilities of quantizing the EGRMR
equation as an approach to quantum gravity.

Cosmology: Developing a complete cosmological model based on the
EGRMR equation, including inflation and accelerated expansion.

Conclusions:

The EGRMR field equations offer a new perspective on the relationship
between matter-energy and spatial geometry. While maintaining the ability
to reproduce key results of general relativity, they open new possibilities
for addressing fundamental questions in theoretical physics. Their simpler
form in three dimensions could facilitate new computational and theoretical
approaches, potentially leading to advances in areas such as quantum gravity
and cosmology.

21.3.5 Singularities and Black Holes

Singularities and black holes represent some of the most intriguing and prob-
lematic aspects of general relativity (GR). The EGRMR model offers a rad-
ically different perspective on these phenomena.
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Reinterpretation of Singularities

In EGRMR, singularities are no longer points of infinite curvature in space-
time, but regions of extreme metric dilation:

Faing(r) = (Z—P) (108)

r

where [p is the Planck length. This formulation avoids mathematical
singularities, replacing them with physically well-defined regions of maximum
metric dilation.

Structure of Black Holes

The EGRMR model conceives black holes as ”dark stars” with a real physical
surface:

(1—7;—5)_1/2 r >,
fBH(T) = fmaz Te <1 < Ts (109)
Jint(7) r<r,

where r, is the Schwarzschild radius and 7, is the radius of the dark star’s
surface.

Event Horizon

The event horizon is reinterpreted as a surface of rapid metric transition:

Vf(r)%M for r, <r <, (110)

T — Ty
This formulation maintains the essential properties of the event horizon
while avoiding the issues related to singularities.

Interior of Black Holes

EGRMR proposes an internal structure of black holes without central singu-
larities:

e A region of maximum metric dilation replaces the central singularity.

e The "Planck bubble” represents the physical limit to metric contrac-

tion:
Ip\?
fPlanck =\ — (]_1].)

rp
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where rp is the radius of the Planck bubble.
Implications for the Information Paradox

The detailed metric structure proposed by EGRMR offers a possible resolu-
tion to the black hole information paradox:

e Information is not lost, but "redistributed” within the enormously di-
lated internal volume.

e Information conservation is expressed as:

[total - ]ea:ternal + ]internal = constant (112)

Hawking Evaporation

In EGRMR, Hawking evaporation is reinterpreted as a phenomenon that
occurs mainly in the metric transition zone, where quantum fluctuations
interact with the strong metric gradient.

e Hawking radiation emerges from quantum fluctuations of the scale fac-
tor f(r) in the region of the event horizon.

e The evaporation rate is correlated with the gradient of the scale factor:

dM )
— 11
o VI, (113)

e The complete evaporation of the black hole corresponds to a process of
"normalization” of the metric, where f(r) — 1 for all 7.

Observational Implications
The EGRMR model offers potentially testable predictions:

e Possible oscillations in the metric near the event horizon, detectable
through subtle changes in gravitational wave signals from black hole
mergers.

e "Echoes” in gravitational waves due to the complex metric structure
near the event horizon.

e Deviations from perfect thermal behavior in Hawking radiation, reflect-
ing the detailed internal structure of the black hole.
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Conclusions

This interpretation of singularities and black holes within EGRMR offers a
vision that potentially resolves many of the conceptual paradoxes associated
with these extreme objects, while maintaining the ability to accurately de-
scribe observed gravitational phenomena. The EGRMR model thus proposes
a new perspective on the nature of black holes and singularities, opening new
avenues for theoretical and observational research in this field.

21.3.6 Interpretation of Energy and Matter

The EGRMR model offers a unique perspective on the interpretation of en-
ergy and matter, distinct from that of general relativity (GR). This section
explores how EGRMR conceptualizes these fundamental elements of the uni-
verse.

Theorem 21.17 (Energy-Metric Equivalence in EGRMR). In the EGRMR
model, energy and matter are direct manifestations of the metric variation
of the underlying Euclidean space.

Comparison of Concepts:

1. General Relativity:

e Energy and matter curve spacetime
e Described by the energy-momentum tensor 7,

e Mass-energy equivalence: E = mc?
2. EGRMR:

e Energy and matter are manifestations of the rescaled metric
e Described by the gradient of the scale factor V f
e Energy-metric equivalence: E « [(Vf)2d*z

Mathematical Formulation in EGRMR:
The energy density p at a point in space is related to the scale factor f
through:

C4

=35 V2 f+a(V )] (114)

where « is a coupling constant.
Physical Implications:
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1. Geometric nature of energy: Energy is no longer a ”content” of
space but an intrinsic property of its metric structure.

2. Energy conservation: Emerges naturally from the conservation of
total volume in the underlying Euclidean space.

3. Matter as metric ”nodes”: Material particles can be seen as local-
ized regions of intense metric variation.

4. Fields as metric gradients: Fundamental fields (electromagnetic,
nuclear) emerge as different aspects of metric variation.

Types of Energy in EGRMR:

e Kinetic energy: Associated with the time variation of the scale factor

2
Ekoc/(aa—“:> Az

e Potential energy: Related to the spatial gradient of the scale factor
E, x /(Vf)2d3m
e Mass energy: Represented by regions of stable metric dilation
E, x /(f —1)%d*z
e Vacuum energy: Associated with quantum fluctuations of the metric
By [ (@)%

Comparison with the GR Energy-Momentum Tensor:

In GR, the energy-momentum tensor 7}, contains all the information
about the distribution of energy and matter. In EGRMR, this information
is encoded in the scale factor f and its derivatives. The correspondence can
be approximately established as:

T o v, v, -] (V1) (115)
SR e R

Implications for Fundamental Physics:
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Unification of forces: The different fundamental interactions could
emerge as different aspects of metric variation.

Origin of mass: The mass of particles could be explained as an emer-
gent property of the local metric structure.

Dark energy: Could be interpreted as a global property of the uni-
verse’s metric, rather than a separate field or substance.

Dark matter: Could emerge from metric variations that are not visi-
ble but influence large-scale dynamics.

Advantages of the EGRMR Approach:

1.

Conceptual simplicity: Energy and matter are aspects of a single
geometric entity.

Naturalness of conservation: Energy conservation derives directly
from the properties of Euclidean space.

. Natural unification: Offers a unified framework for understanding

different forms of energy and matter.

. Connection with quantum mechanics: The ”wave-like” nature of

the metric lends itself naturally to a quantum interpretation.

Challenges and Open Questions:

Quantization: Developing a complete quantum theory of the EGRMR
metric.

Elementary particles: Explaining the observed spectrum of elemen-
tary particles in terms of metric structures.

Fundamental interactions: Deriving the known laws of fundamental
interactions from EGRMR geometry.

Cosmology: Explaining cosmic evolution in terms of large-scale metric
dynamics.

Conclusions:

The EGRMR interpretation of energy and matter offers a radically new
perspective on the fundamental nature of the universe. By unifying energy,
matter, and geometry into a single conceptual framework, EGRMR could
provide new insights into some of the deepest questions in modern physics,
from the nature of elementary particles to the origin of the universe. While
many challenges remain, this approach promises to open new avenues for
research in fundamental physics and cosmology.

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 95

21.3.7 Approach to Cosmology

The EGRMR model offers a unique perspective on cosmology, reinterpret-
ing the evolution of the universe in terms of variations in the metric of an
underlying Euclidean space. This section explores how EGRMR addresses
fundamental cosmological questions.

Theorem 21.18 (Cosmic Expansion in EGRMR). In the EGRMR model,
the expansion of the universe is represented by a global increase in the metric
scale factor, maintaining the Euclidean structure of the underlying space.

Comparison of Cosmological Concepts:

1. General Relativity (GR):
e Universe described by the Friedmann-Lemaitre-Robertson-Walker
(FLRW) metric
e Expansion as an increase in the proper distance between galaxies

e Big Bang as an initial singularity
2. EGRMR:

e Universe as Euclidean space with a global scale factor f(t)
e Expansion as an increase in f(t) over time

e Big Bang as a state of minimal metric dilation

Mathematical Formulation in EGRMR:
The cosmic scale factor f(t) evolves according to the equation:

N\ 2
8rG kA
<§> :WT ~mt3 (116)

where p is the energy density, k is a curvature term (which in EGRMR
represents a second-order correction), and A is a term analogous to the cos-
mological constant.

Key Aspects of EGRMR Cosmology:

1. Cosmic metric: ds* = —c2dt* + f2(t)(dz* + dy* + dz?)
2. Cosmological redshift: z = %O; — 1, where tg is the present time
and ¢, is the emission time

3. Cosmological horizon: Defined by the distance dy = ¢ g %

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 96

4. Age of the universe: t, = fOfO ?_J;

Cosmological Phenomena in EGRMR:
e Cosmic inflation: Period of rapid exponential growth of f(t)

e Structure formation: Emergence of local variations in f(r,t) super-
imposed on the global expansion

e Dark energy: Interpreted as an intrinsic tendency of f(¢) to increase

e Dark matter: Large-scale variations of f(r,t) not associated with
visible matter

Implications for Fundamental Cosmological Problems:

1. Horizon problem: Naturally resolved if inflation is an intrinsic prop-
erty of the evolution of f(¢)

2. Flatness problem: Not an issue in EGRMR, since the underlying
space is Euclidean

3. Magnetic monopole problem: Could be addressed through the met-
ric structure of particles in EGRMR

4. Matter-antimatter asymmetry: Could emerge from asymmetries
in the primordial metric structure

Comparison with the Lambda-CDM Model:

e Friedmann equations: Emerge naturally from the evolution of f(t)
in EGRMR

e Cosmological parameters: Reinterpreted in terms of properties of
the scale factor f(t)

e Cosmological constant A: Emerges as a self-interaction term in the
dynamics of f(t)

Unique Predictions of EGRMR:

1. Variations in the fine-structure constant: Could emerge from
local variations of f(r,t)
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2. Large-scale metric anisotropies: Could explain some observed anoma-
lies in the cosmic microwave background

3. Evolution of fundamental constants: Linked to the global evolu-
tion of f(t)

4. Structure of the early universe: Described in terms of quantum
fluctuations of f(r,t)

Challenges and Open Questions:

e Origin of the Big Bang: Understanding the initial state of minimal
metric dilation
— How did the initial state with f(t) ~ 0 originate?
— Is there a natural mechanism in EGRMR that leads to this state?
e Nature of inflation: Deriving an inflationary mechanism from the
fundamental dynamics of f(t)
— What property of f(t) could drive a rapid exponential expansion?
— How does the inflationary phase end in EGRMR?

e Cosmological constant problem: Explaining the observed value of
A in terms of fundamental properties of f(t)

— Why does the self-interaction term in f(¢) produce such a small
but non-zero value for A?

— How does this relate to the vacuum energy density?

e Ultimate fate of the universe: Predicting the long-term evolution

of f(1)
— Will the expansion continue forever or will there be a contraction
phase?
— Are there stationary or cyclic states for f(t)?

e Large-scale structure formation: Modeling in detail how variations
in f(r,t) lead to the formation of galaxies and clusters

— How do the primordial quantum fluctuations of f interact with
baryonic matter?
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— Can EGRMR explain structure formation without resorting to
dark matter?

e Cosmic microwave background: Deriving the characteristics of the
power spectrum from the dynamics of f(r,t)

— How do the CMB anisotropies emerge from the primordial fluctu-
ations of f7

— Can EGRMR explain some of the observed anomalies in the CMB?

Conclusions:

The EGRMR approach to cosmology offers a radically new perspective on
the evolution of the universe. By reinterpreting cosmic expansion, inflation,
and other phenomena in terms of variations in the metric of an underlying
Euclidean space, EGRMR could provide new insights into some of the deep-
est questions in modern cosmology. While reproducing many of the successes
of the standard cosmological model, EGRMR also offers new testable predic-
tions and potential solutions to long-standing problems. The future challenge
will be to further develop this theoretical framework and rigorously compare
it with precision cosmological observations.

21.4 Potential Advantages of the EGRMR Model

The EGRMR model offers several potential advantages over existing theories,
opening new perspectives in fundamental physics:

Conceptual Simplification

e Maintains a basic Euclidean space, facilitating visualization and phys-
ical intuition.

e Unifies various gravitational phenomena through the concept of rescaled
metric.

e Offers a more intuitive representation of concepts like time dilation and
length contraction.

Mathematical Flexibility

e Allows for natural treatment of regions with different metrics.

e Facilitates modeling continuous transitions between regions with dif-
ferent metrics.
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e Offers a potentially more suitable framework for integration with quan-
tum theories.

Unification of Physical Phenomena

e Provides a unified framework for describing gravitational and relativis-
tic effects.

e Suggests new connections between gravity, electromagnetism, and nu-
clear forces.

e Offers a unique perspective on the relationship between space, time,
and energy.

Potential Resolution of Paradoxes

e Proposes a new approach to the problem of singularities in black holes.
e Suggests possible solutions to the black hole information paradox.
e Offers a new perspective on the cosmological constant problem.

Testable Predictions

e Proposes new observable effects, potentially distinguishable from the
predictions of general relativity.

e Suggests experiments to test the nature of the spatial metric at different
scales.

e Offers new interpretations of existing cosmological data.

Computational Potential

e The formulation in terms of Euclidean space could facilitate complex
numerical simulations.

e Offers new techniques for modeling extreme gravitational systems.
e Could simplify calculations in large-scale cosmological scenarios.

The EGRMR model, while maintaining consistency with the established
results of modern physics, opens new avenues for theoretical and experi-
mental exploration. Its ability to unify various aspects of physics within
a coherent geometric framework makes it a promising candidate for future
research in fundamental physics.
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21.5 Challenges and Open Questions

While the EGRMR model offers many promising perspectives, there are still
several challenges to be addressed and open questions to be resolved:

Consistency with All Relativistic Experiments

e Precision tests of general relativity: Demonstrate that EGRMR
can accurately reproduce all the results of classic tests of general rela-
tivity, such as the precession of Mercury’s perihelion, the deflection of
sunlight, and the Shapiro effect.

e Atomic clock experiments: Verify that EGRMR can accurately
predict the time dilation effects observed in high-precision experiments
with atomic clocks under different gravitational conditions.

e Gravitational wave detection: Demonstrate that EGRMR can cor-
rectly explain and predict gravitational wave observations by LIGO
and other observatories.

Interpretation of Extreme Phenomena (e.g., Event Horizons)

e Nature of the event horizon: Develop a detailed description of how
EGRMR interprets the event horizon of black holes, addressing issues
such as reversibility and information conservation.

e Singularities: Explore whether and how EGRMR could avoid the
mathematical singularities present in general relativity, particularly at
the center of black holes.

e Hawking radiation: Provide a mechanism within the EGRMR frame-
work to explain Hawking radiation and the evaporation of black holes.

Extension to Large-Scale Cosmological Scenarios

e Expansion of the universe: Develop an EGRMR cosmological model
that explains accelerated expansion without resorting to dark energy.

e Cosmic inflation: Propose an EGRMR mechanism for the primordial
inflationary period.

e Large-scale structure: Demonstrate how EGRMR explains the for-
mation and evolution of cosmic structures, including the distribution
of dark matter.
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e CMB anisotropies: Predict and explain the anisotropies of the cos-
mic microwave background within the EGRMR context.

These challenges require an extension of the EGRMR mathematical for-
malism, advanced numerical simulations, and new experiments. It is crucial
to explore the connections with quantum mechanics and field theory for a
unified understanding.

22 Towards the Self-Sufficiency of EGRMR

Euclidean Geometry with Rescaled Metric Regions (EGRMR) is proposed
not only as an alternative to Einstein’s General Relativity (GR), but as
a potentially more fundamental and self-sufficient theory. Our goal is to
demonstrate that EGRMR can reproduce all known results of GR and po-
tentially predict new phenomena, without relying on the postulates of GR
itself.

22.1 Generalized Field Equation of EGRMR

The starting point for establishing the self-sufficiency of EGRMR is the for-
mulation of a field equation that does not depend on Einstein’s equations.
We propose the following generalized field equation:

0? oxt Ox¥
VS 4 af (VI B A o = KT o O (117)

where:
e f is the metric scale factor
e V2f represents the spatial variation of the scale factor

af(Vf)?is a nonlinear term crucial for strong gravitational fields

Bf3 acts as a sort of ”cosmological constant” in EGRMR

78827{ accounts for the temporal variation of the scale factor

dzt Ol
KJT/“’ Ozt dxv
energy

represents the coupling with the distribution of matter and

This equation is formulated entirely within the context of EGRMR, with-
out reference to Einstein’s equations, and is designed to capture the dynamic
and nonlinear nature of gravity.
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22.2 Derivation of the Schwarzschild Metric

A crucial test for the self-sufficiency of EGRMR is its ability to derive the
Schwarzschild metric, a fundamental result of GR. Following a similar ap-
proach to Schwarzschild’s, but using our generalized field equation, we can
obtain:

1. In vacuum and under static conditions, the equation simplifies to:

Vf+af(V)?+8f=0 (118)
2. Assuming spherical symmetry, f = f(r), we obtain the differential
equation:
1d ([ ,df ar\? 5
- =L - = 11
r2dr (T dr> +af (dr) =0 (119)

3. The general solution has the form:

+ -
c2r 3

2GM Ar2>1/2

f(r) = <1 - (120)

where A = —3/ can be interpreted as a cosmological constant.

4. For A = 0, we obtain the Schwarzschild metric:

cr

2GM 2G M\ ™
ds* = —c* (1— C’; )dt2+(l— (’; ) dr? +1*(d6* + sin® fd¢?)
c'r
(121)

This derivation demonstrates that EGRMR can reproduce key results
of GR without resorting to its fundamental postulates. This suggests that
EGRMR could provide an alternative and potentially more fundamental de-
scription of gravity, opening new avenues for the exploration of extreme grav-
itational phenomena and the search for a unified theory of physics.

Furthermore, the derivation of the Schwarzschild metric from EGRMR
offers a new geometric interpretation of gravity. Instead of considering grav-
ity as curvature of spacetime, EGRMR interprets it as a local variation of
the metric in a flat space. This new perspective could lead to new insights
into the nature of gravity and its interactions with other fundamental forces.
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22.3 Derivation of the Angle of Light Deflection in
EGRMR

Starting from the generalized EGRMR field equation:

Vif+af(V)?+8f=0 (122)

We consider a static, spherically symmetric gravitational field. In spher-
ical coordinates, the solution for f(r) is:

2GM -1/2
¢ ) (123)

c2r

s =(1-

For a light ray, we can use Fermat’s principle generalized in EGRMR:

(5/f(7“)ds =0 (124)

where ds is the Euclidean line element.
Using polar coordinates (r,¢) in the plane of the light ray’s orbit, we
obtain:

o o dr
Introducing v = 1/r and b as the impact parameter, we can rewrite the
equation as:

! (ﬂf%«) dr) — ) =0 (125)

d*u 3GM
The solution of this equation, to first order in GM/(c?b), is:
1 GM
u=y (cosqb + 20 > (127)
The total deflection angle is given by:
s 4GM
a:2]¢(oo)—§) - = (128)

This result is identical to the prediction of general relativity and agrees
with experimental observations, such as the deflection of starlight during
solar eclipses.
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22.4 Precession of the Perihelion of Mercury in EGRMR

The precession of the perihelion of Mercury is another classic test of general
relativity that EGRMR must reproduce. We start from the EGRMR metric
for a static, spherically symmetric gravitational field:

dr?

ds* = — f*(r)c*dt* + f2—(7“)

+ 72(d6* + sin” Odp?) (129)

where f(r) = (1 — 24M)=1/2,

c2r
For an orbit in the equatorial plane (f = 7/2), the geodesic equation

reduces to:

du\®> 26M , , .. E*
(%) =~z (=) + 55 —u (130)
where u = 1/r, E is the energy per unit mass, and L is the angular

momentum per unit mass.
The solution of this equation, to first order in GM/(c?a) (where a is the
semi-major axis of the orbit), is:

GM

u= m(l + ecosx) (131)

where e is the eccentricity of the orbit and y is a new angular parameter.
The relationship between y and ¢ is given by:

3GM

P=X+—5 X (132)

This implies that in one complete orbit, the angle ¢ increases by:

6mrGM
Ap =21 + (133)
ca
The perihelion advance per orbit is therefore:
6rGM
0= ————— 134
¢ 2a(l — e?) (134)

This result is identical to the prediction of general relativity and corre-
sponds to the observed advance of the perihelion of Mercury of about 43
arcseconds per century.
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22.5 Shapiro Time Delay in EGRMR

The Shapiro time delay, or gravitational time delay, is an effect predicted by
general relativity and confirmed experimentally. Let’s see how EGRMR can
derive this effect.

We start from the EGRMR metric for a static, spherically symmetric
gravitational field:

2

ds? = — f2(r)c*dt* + f‘f(ar) + r*(d6” + sin® 0d¢?) (135)

where f(r) = (1 — 25M)=1/2,

For a light ray (ds* = 0) propagating radially, we have:

Prede — (136)
f2(r)
The travel time of the signal between two points r; and rs is therefore:
1 (™ dr
At = — 137
: ), PO 150
Expanding f%(r) to first order in GM/(c*r), we obtain:
1 [ 2GM
At%—/ <1—|— 5 )dr (138)
¢ Jr cr
Integrating, we find:
— 2GM
Atm 2710 G3 In (T—2> (139)
c C 1

The second term represents the Shapiro time delay. For a signal that goes
from a point r; to a point ro and back, the total delay is:

A4GM 47’17’2
Atdelay = 03 In ( b2 ) (140)
where b is the impact parameter of the signal with respect to the massive

body.

This result is identical to the prediction of general relativity and corre-
sponds to the delay observed in radar signals sent to planets and space probes
when they pass near the Sun.
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22.6 Gravitational Waves in EGRMR

Gravitational waves are perturbations of the spacetime metric that propagate
at the speed of light. In EGRMR, these perturbations manifest as variations
in the metric scale factor f(r,t).

We start from the generalized EGRMR field equation:
2 2 3 o*f
Vif+af(VE) +Bf +7W:KT (141)
where T is the trace of the energy-momentum tensor.

To study gravitational waves, we consider small perturbations around the
flat metric:

F(r,t) =1+ h(r,b) (142)

where |h| < 1. Inserting this expression into the field equation and
linearizing (neglecting higher-order terms in h), we obtain:
1 0%h

2 _
where we have set v = 1/¢? to obtain the correct propagation speed.
In vacuum (7" = 0), this reduces to the wave equation:

V2 — Gl 0 (144)

2ot

The general solution of this equation is a plane wave:

h(r,t) = Acos(k - r — wt) (145)

where k is the wave vector, w = c|k| is the angular frequency, and A is
the amplitude of the wave.

For gravitational waves generated by a binary system of masses m; and
me orbiting at a distance r with orbital frequency 2, the amplitude of the
wave at a distance R from the system is:

A=— 146
R (146)
where M = my + my is the total mass of the system.

This expression is in agreement with the predictions of general relativity
and with the observations of LIGO and Virgo.

r

4G (mymy) (GM)1/3
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22.7 Gravitational Waves in EGRMR: A New Per-
spective

In EGRMR, we propose an innovative view of gravitational waves, rein-
terpreting them as three-dimensional spherical perturbations of the spatial
metric that propagate in the underlying Euclidean space.

Consider a gravitational wave generated by a cosmic event, such as the
merger of two black holes. In our model, this perturbation manifests as a
series of concentric spherical shells of metric dilation and contraction that
expand in space at the speed of light.

Mathematically, we can describe this perturbation as:

sin(kr — wt) —

fr)=1+4 (147)

,
where:

e f(r,t) is the metric scale factor

e A is the amplitude of the wave

k =27 /\ is the wave number
e w = ck is the angular frequency

r = |r| is the distance from the origin of the wave

L is a characteristic damping length
This formulation has several interesting implications:

1. Three-dimensional propagation: The wave propagates as a spheri-
cal shell, in contrast to the two-dimensional view of gravitational waves
in general relativity.

2. Energy conservation: The amplitude of the wave decreases as 1/r,
ensuring the conservation of total energy as the wave expands.

3. Natural polarization: The different components of the metric per-
turbation can naturally give rise to the two observed polarizations of
gravitational waves.

4. Interference and superposition: Multiple gravitational waves can
interfere and superpose intuitively in three-dimensional space.
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This view of gravitational waves as spherical shells of metric perturbation
offers a more intuitive and geometrically rich representation than the conven-
tional view. Furthermore, it aligns perfectly with the fundamental principle
of EGRMR of a universe based on Euclidean space with a variable metric.

22.8 Shockwaves of Novae and Supernovae in EGRMR

In EGRMR, we can extend the concept of gravitational waves as 3D spherical
shells to describe shockwaves generated by explosive events such as novae and
supernovae. This unified approach highlights the power and versatility of our
model.

Consider a shockwave generated by a supernova. In the EGRMR frame-
work, this can be described as a spherical perturbation of the spatial metric
that propagates through the interstellar medium:

exp(—(r — ct)/L)

fsn(r,t) =1+ Agy H(r —ct) (148)
where:

e fsn(r,t) is the metric scale factor perturbed by the supernova

Agy is the amplitude of the shockwave, proportional to the energy of
the explosion

r = |r| is the distance from the origin of the explosion

c is the propagation speed of the shockwave (which can be less than
the speed of light)

L is a characteristic damping length

H(x) is the Heaviside step function, which ensures that the shockwave
exists only behind the wavefront

This formulation has several interesting implications:

1. Spherical wavefront: The shockwave propagates as a spherical shell,
just like gravitational waves in our EGRMR description.

2. Discontinuity at the wavefront: The Heaviside step function mod-
els the characteristic discontinuity of a shockwave.

3. Intensity decay: The amplitude of the wave decreases as 1/r, consis-
tent with energy conservation.
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4. Damping: The exponential term models the damping of the shock-
wave due to interaction with the interstellar medium.

5. Effects on the metric: The perturbation of the metric can explain
effects such as compression and heating of the interstellar gas.

Comparison with gravitational waves:

e Both gravitational waves and supernova shockwaves are described as
spherical perturbations of the spatial metric.

e Both propagate as spherical shells and show a 1/r decay of amplitude.

e The main difference is in the shape of the perturbation: oscillatory for
gravitational waves, step-like for shockwaves.

e Gravitational waves propagate at the speed of light, while supernova
shockwaves can be slower.

This unified description of gravitational waves and supernova shockwaves
within the EGRMR framework demonstrates the power of our model in pro-
viding a coherent and intuitive view of diverse astrophysical phenomena.

22.9 EGRMR Cosmology

EGRMR Cosmology offers a new perspective on the evolution and large-
scale structure of the universe, based on the concept of Euclidean space with
a variable metric.

22.9.1 Cosmological Principle in EGRMR

In EGRMR, the Cosmological Principle translates to a uniform metric scale
factor on large scales:

f(r,t) = a(?) (149)

where a(t) is the cosmic scale factor, a function of cosmic time ¢ only.

22.9.2 Modified Friedmann Equations

Starting from the generalized EGRMR field equation, we can derive the
modified Friedmann equations:

LN\ 2 2 2
(2) _ G kS AE e (150)
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a 4G Ac?
o= —T(p + 3p) + <+ Ba’ (151)

where p is the energy density, p is the pressure, k is the curvature param-
eter, A is the cosmological constant, and § is a new EGRMR parameter that
could explain the accelerated expansion of the universe without resorting to
dark energy.

22.9.3 Cosmological Redshift
The cosmological redshift in EGRMR is given by:
_ alto)

a(te)
where tg is the present time and t, is the time of emission of light.

142

(152)

22.9.4 Cosmological Horizon
The cosmological horizon in EGRMR is defined as:

t dt/
dy = ¢ /0 s (153)

This definition maintains the physical interpretation of the horizon as the
maximum distance from which light can reach us since the beginning of the
universe.

22.9.5 Cosmic Inflation
Cosmic inflation can be naturally incorporated into EGRMR as a period of
rapid exponential growth of the scale factor:

a(t) oc et (154)

where H is the Hubble parameter during inflation.

22.9.6 Dark Matter and Dark Energy

In EGRMR, dark matter could be interpreted as regions with local variations
in the metric that do not correspond to visible matter. Dark energy could
emerge naturally from the Sa? term in the modified Friedmann equations,
eliminating the need to introduce a mysterious form of repulsive energy.
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22.9.7 Implications and Predictions

EGRMR Cosmology offers several testable implications and predictions:

e Possible deviations from the predictions of the standard ACDM model
at very large or very small cosmological scales.

e New interpretation of the anisotropies of the cosmic microwave back-
ground radiation as primordial fluctuations in the spatial metric.

e Potential natural resolution of the cosmological constant problem.

e Possibility of a cyclic universe or a ”Big Bounce” instead of a singular
Big Bang.

This cosmological formulation in EGRMR offers a unified and geometri-
cally intuitive view of the evolution of the universe, potentially solving some
of the persistent mysteries of modern cosmology.

22.10 Unique Predictions and Experimental Tests of
EGRMR

While EGRMR reproduces the results of General Relativity in many con-
texts, it also offers unique predictions that could distinguish it from existing
theories. These predictions provide opportunities for crucial experimental
tests.

22.10.1 Modifications to the Photon Dispersion Relation
EGRMR predicts possible modifications to the photon dispersion relation at
extremely high energies:

E? =p*c® +a—5 (155)

where Ep is the Planck energy and « is a dimensionless parameter.
This modification could be tested through observations of ultra-high-energy
gamma rays from distant cosmic sources.
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22.10.2 Violations of the Equivalence Principle at Quantum Scales

EGRMR suggests possible deviations from the equivalence principle for quan-

tum test particles:
Aa Kp 2
— ~ | = 156
=~ (7 (136)

where Aa is the difference in acceleration between two test particles, £p
is the Planck length, and L is the characteristic scale of the experiment. This
effect could be tested with high-precision atomic interferometers.

22.10.3 Strong Field Effects in the Environment of Black Holes

EGRMR predicts a unique metric structure near the event horizon of black

holes:
foy= (=) [1 v ; gjs)z] (157)

where 7, is the Schwarzschild radius and 3 is a dimensionless parameter.
This structure could produce ”echoes” in the gravitational waves emitted
during black hole mergers, potentially observable with future gravitational
wave detectors.

22.10.4 Large-Scale Cosmic Anisotropies
EGRMR suggests possible anisotropies in the metric at very large cosmolog-
ical scales:

f(r,t) =a(t)[1 +ecos(k - r)] (158)

where € is a small parameter and k is a cosmological wave vector. These
anisotropies could manifest as large-scale patterns in the cosmic microwave
background radiation or in the distribution of galaxies.

22.10.5 Proposed Experiments

To test these unique predictions of EGRMR, we propose the following ex-
periments:

e Observations of ultra-high-energy gamma rays with next-generation
Cherenkov telescopes.
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e Atomic interferometry experiments in free fall in space.

e Search for "echoes” in gravitational waves with third-generation detec-
tors like Einstein Telescope.

e High-precision mapping of the cosmic microwave background radiation
and cosmic structures on very large scales.

e Precision tests of gravitational time delay using atomic clocks in highly
elliptical orbits.

These experiments and observations could provide crucial evidence to
distinguish EGRMR from General Relativity and other alternative theories of
gravity, potentially establishing EGRMR as a more fundamental description
of the nature of space, time, and gravity.

22.11 Integration of EGRMR with Quantum Mechan-
ics

EGRMR offers a unique perspective to address the long-standing conflict
between General Relativity (GR) and Quantum Mechanics (QM). Here’s
how EGRMR could integrate with QM and potentially lead to a theory of
quantum gravity:

22.11.1 Resolution of the GR-QM Conflict

EGRMR, based on Euclidean space with a variable metric, could resolve
some of the fundamental conflicts between GR and QM:

e Problem of Time: In EGRMR, time emerges from the variations of
the spatial metric, potentially solving the problem of time in quantum
gravity.

e Locality: The local nature of metric variations in EGRMR could be
more compatible with the principle of locality in QM.

e Renormalization: The discrete structure of the metric at Planck
scales could provide a natural cutoff, solving the problems of ultra-
violet divergences.
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22.11.2 Quantum Gravity Based on EGRMR

We propose an approach to quantum gravity based on the quantization of
metric fluctuations in EGRMR:

f(r, t) -1+ Z(dkeik-rfiwt + dzefik-rJriwt) (159>
k

where a; and &L are creation and annihilation operators of quanta of
metric fluctuation, which could be interpreted as gravitons.
The quantum Hamiltonian could take the form:

= [ar B(W b o @ (160)

22.11.3 Implications for Quantum Phenomena
EGRMR offers new interpretations for fundamental quantum phenomena:

e Entanglement: Could be interpreted as nonlocal correlations in the
metric structure of space:

fentangted(T1,T2) = 1+ a1 (7)o (r2) + a(r1) 1 (r2)) (161)

e Quantum Superposition: Could emerge from superpositions of met-
ric configurations:

fsupe'rposition = fl + C2f2 (162)

e Wave Function Collapse: Could be reinterpreted as a rapid transi-
tion between metric configurations.

22.11.4 Testable Predictions
The EGRMR-QM integration leads to unique predictions:

e Possible deviations from the standard dispersion relation for photons
at very high energies.

e Quantum gravity effects in the early cosmic expansion, potentially ob-
servable in the cosmic microwave background radiation.

e Modifications to entanglement correlations over large distances due to
quantum gravitational effects.

This integration between EGRMR and QM offers a promising path to-
wards a unified theory of physics, potentially solving some of the deepest
problems in fundamental physics.
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23 Applications in Classical Physics

23.1 Reproduction of Newtonian Gravitation

The EGRMR model must reproduce Newtonian gravitation in the limit of
weak fields and low velocities.

23.1.1 EGRMR Formulation of Gravitation

Consider a mass M that generates a gravitational field represented by R =
(U, g, f), where:

e U: Region of 3D Euclidean space
e ¢: Standard Euclidean metric

e f(r): Scale factor, a function of distance r

We propose:

fry=1+ @ (163)

where ¢(r) is the gravitational potential and ¢ is the speed of light.

23.1.2 Derivation of the Newtonian Potential

To obtain Newtonian gravitation, ¢(r) must satisfy Poisson’s equation:

V3¢ = 4nGp (164)
From the EGRMR field equation:

V2 + af (V) = kpf? (165)
Substituting f =1+ ;% and neglecting higher-order terms:

V3¢ =~ kc?p (166)

With kc? = 47G, we obtain the Newtonian Poisson equation.
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23.1.3 Universal Law of Gravitation

For a point mass M, the solution to Poisson’s equation is:

GM
o(r) = ——— (167)
The resulting EGRMR scale factor:
GM
=1- 168
fr)=1- 5 (168)

The gravitational force on a test mass m:

GMm

r2

F=-mdVf=— 7 (169)

This is precisely Newton’s universal law of gravitation.

23.1.4 Planetary Orbits

In the non-relativistic limit, the EGRMR equations of motion reduce to the
standard Newtonian equations, correctly reproducing elliptical orbits and
Kepler’s laws.

23.1.5 Advantages of the EGRMR Approach

e Conceptual unification: Natural extension from Newtonian gravita-
tion to relativistic effects.

e Geometric interpretation: Gravity emerges from the metric varia-
tion of space.

e Continuous transition: Smooth transition from the Newtonian to

the relativistic regime.

23.2 Electromagnetic Phenomena in Rescaled Metric
Geometry

23.2.1 EGRMR Formulation of Electromagnetism
Consider a region Rgy = (Ugnr, 9enms fEm ), where:
e Ugy: Region affected by the electromagnetic field

o gmy: Standard Euclidean metric
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e frn(r,t): Scale factor incorporating electromagnetic effects
We propose:

feu(r,t) =1+ a(E* — *B?) + 3(E - B) (170)

where E and B are the electric and magnetic fields, ¢ is the speed of light,
and « and 8 are coupling constants.

23.2.2 Maxwell’s Equations in EGRMR

Maxwell’s equations emerge from the EGRMR field equations for fgj;:

v E=" (171)
€0
1 OE
0B
E+ 2 = 1
V x +8t 0 (173)
V-B=0 (174)

where p is the charge density and J is the current density.

23.2.3 Propagation of Electromagnetic Waves

Electromagnetic waves emerge as oscillations of fg,;. The wave equation is:

1 & fpu
2 —_——_—— =
V- fEm 2 op 0 (175)

This ensures propagation at the speed of light c.

23.2.4 Lorentz Force

The force on a charged particle derives from the variation of fgj;:

F=¢E+vxB)=—¢*Vfey (176)

where ¢ is the charge and v is the velocity of the particle.
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23.2.5 Unification with Gravity

The total scale factor can be expressed as:

frot = fg - fEM (177)

where f, is the gravitational scale factor, suggesting a deep connection
between gravity and electromagnetism.

23.2.6 Advantages of the EGRMR. Approach

e Geometric interpretation: Electromagnetic fields as deformations
of the spatial metric.

e Natural unification: Gravity and electromagnetism emerge from a
single geometric principle.

e Quantization: Potential new approach based on discrete metric vari-
ations.

23.2.7 Challenges and Future Perspectives

e Develop a description of quantum electrodynamics within the EGRMR
framework.

e Explore possible deviations from standard predictions in strong field
regimes.

e Investigate the cosmological implications of this geometric interpreta-
tion of electromagnetism.

The EGRMR model offers a geometric reinterpretation of electromagnetic
phenomena that, while reproducing the known results of classical electromag-
netism, opens new perspectives for the unification of fundamental forces and
the understanding of the nature of fields.
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Part II1
Quantum and Cosmological
Implications

24 The Model and Quantum Mechanics

24.1 Interpretation of Wave Functions

The EGRMR (Euclidean Geometry with Rescaled Metric Regions) model
offers a new interpretation of quantum wave functions in terms of metric
variations in the underlying Euclidean space.

Wave Functions as Metric Configurations

In the EGRMR model, we interpret wave functions (r, ) as descriptions of
specific metric configurations. Consider a quantum region Rg = (Ug, 99, fo):
where:

e Uy is the region of space where the particle can be localized
® g¢ is the standard Euclidean metric

e fo(r,t) is the quantum scale factor, related to the wave function

We propose the relation:

for.t) = 1+ alu(r,6) (178)

where « is a coupling constant.
Schrodinger Equation in EGRMR

The time evolution of the wave function emerges as an equation for the
evolution of the quantum scale factor:

) 12
m% =~V o+ V(fo—1) (179)

where A is the reduced Planck constant, m is the mass of the particle,
and V is the potential.
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Probabilistic Interpretation

The probability of finding a particle in a given volume is proportional to the
metric dilation in that volume:

P(particle in dV') o (fg(r,t) — 1)dV (180)
Wave Function Collapse

The collapse of the wave function during a measurement can be interpreted
as a rapid reorganization of the local metric.

Superposition Principle

Superposed quantum states correspond to superposed metric configurations:

fo=1+a(lay + 02¢2|2)
=1+ a(|erP|en]? + [ea*[02]? + 2Re(cieathi1ha))

Quantum Entanglement

(181)

Entanglement can be interpreted as a non-local correlation between metric
configurations. For a system of two entangled particles:

foa2 = 1+ algia(ry, s, 1) (182)
where 115 is the wave function of the entangled system.

Advantages of the EGRMR Approach

e Geometric interpretation of wave functions

e Conceptual unification between quantum mechanics and geometric the-
ories of gravity

e New perspective on the measurement problem

Challenges and Future Directions

e Develop a complete formalism for quantum mechanics in terms of EGRMR

metric configurations
e Explore the implications for quantum field theory

e Investigate possible experimental deviations from standard quantum
predictions in regimes of strong metric curvature
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24.2 Uncertainty Principle in Our Geometry

Heisenberg’s uncertainty principle finds a novel geometric interpretation within
the EGRMR model.

Geometric Formulation of Uncertainty

We interpret quantum uncertainty as a direct consequence of fluctuations in
the local metric. We define the uncertainty in position Ax and momentum
Ap in terms of metric fluctuations:

Az~ [((fo—1?) (183)
Ap ~ [ (Vfo)?) (184)
where (-) denotes the expected value.
Derivation of the Uncertainty Principle

The uncertainty principle emerges from the geometric structure of EGRMR:

h
Ardp ~ if{(fo = VNV I)?) = 5 (185)
Physical Interpretation

In the EGRMR model, quantum uncertainty is a manifestation of intrinsic
fluctuations in the metric structure of space:

e Az corresponds to fluctuations in the amplitude of the scale factor.
e Ap is associated with fluctuations in the gradient of the scale factor.
Relationship with Time

EGRMR offers a new perspective on the energy-time uncertainty relation:

AEAt ~ h (186)

Here, AF is associated with fluctuations in the time derivative of the scale
factor, while At corresponds to fluctuations in the local temporal metric.
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Implications for Quantum Measurement

The measurement of a physical quantity corresponds to a temporary ”fixing”
of the local metric, inevitably perturbing the metric associated with the
conjugate quantity.

Advantages of the EGRMR Approach

e Geometric visualization of quantum uncertainty

e Conceptual unification between quantum uncertainty and metric fluc-
tuations

e Geometric foundation for the fundamental principles of quantum me-
chanics

Challenges and Future Directions

e Develop a rigorous mathematical formalism to quantify quantum metric
fluctuations

e Explore the implications for quantum field theory
e Investigate possible deviations from the standard uncertainty principle

in regimes of strong metric curvature

24.3 Entanglement and Nonlocality

The EGRMR model offers a new perspective on quantum entanglement and
its associated nonlocality, reinterpreting them in terms of metric connections
in the underlying Euclidean space.

EGRMR Formulation of Entanglement

We interpret quantum entanglement as a nonlocal correlation in the metric
structure of space. For a system of two entangled particles, we consider a
region Rg = (Ug, gg, fr), where:

e Uy is the region of space that includes both particles
e ¢p is the standard Euclidean metric

e fr(ry,re,t) is the entangled scale factor
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We propose the following form for the entangled scale factor:

fE(rh ry, t) =1+ O[|¢E(I'1, ro, t)|2 (187)

where ¢ is the wave function of the entangled system and « is a coupling
constant.

Geometric Nonlocality

The nonlocality of entanglement emerges as an intrinsic geometric property
of the scale factor fz, which depends on the positions of both particles re-
gardless of their spatial separation.

Quantum Correlations
For a system of two spins entangled in the singlet state:

fE x 1 + 6(0-1 . 0'2) (188)

where o7 and oy are the spin operators of the two particles and £ is a
constant.

Collapse of Entanglement

The apparent collapse of entanglement during a measurement is interpreted
as an instantaneous reorganization of the shared metric, without violating
causality since it occurs within the metric structure itself.

Bell’s Theorem and Inequalities

Violations of Bell’s inequalities emerge naturally from the nonlocal metric
structure, without requiring superluminal signals or action at a distance in
the classical sense.

Multi-Particle Entanglement
For multi-particle systems:

fe(ry,ro, vy, t) = 1+ alvp(ry, re, ... o1, 1) (189)

This formulation allows for the description of phenomena like GHZ en-
tanglement and other multipartite quantum states.
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Implications for Quantum Information

e Quantum teleportation: reconfiguration of the shared metric between
distant particles

e Quantum cryptography: security derived from the nonlocal nature of
the shared metric

e Quantum computing: complex metric configurations that allow for non-
classical operations

Advantages of the EGRMR Approach

e Geometric visualization of entanglement
e Apparent resolution of the EPR paradox through the metric structure

e Conceptual unification between quantum entanglement and geometric
theories of gravity

Challenges and Future Directions

e Develop a rigorous mathematical formalism to describe the dynamics
of entangled metrics

e Explore the implications for quantum gravity and cosmology

e Investigate possible observable effects of the entangled metric structure
in strong gravitational field regimes

24.4 Path Integral Formulation of EGRMR

EGRMR naturally lends itself to a path integral formulation, opening new
perspectives for the quantization of the theory and its connection with other
approaches to quantum gravity.

The transition amplitude between two metric configurations is expressed
as a weighted sum over all possible ”histories” of the metric:

(ke ) = [ Dpessnn (190)
where:

e f; and f; are the initial and final metric configurations
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H is the Hamiltonian operator of EGRMR

T is the considered time interval

| Df represents the functional integration over all possible metric his-
tories

e S[f] is the action of EGRMR

The action S[f] can be derived from a Lagrangian density that incorpo-
rates the fundamental principles of EGRMR:

C4

Sl = /d%ﬁ LGWG

where R|[f] is the scalar curvature, A is the cosmological constant, and
Lonatter 18 the matter Lagrangian, which also depends on the metric f and
the matter fields 1.

(R[f] - 2A) + Ematter[fa M (191)

25 Unification of Physics in the Geometric
Model

25.1 Gravity and Quantum Mechanics

The EGRMR model offers a unique perspective for the unification of gravity
and quantum mechanics, based on a common geometric structure.

Conceptual Foundations of Unification

In the EGRMR model:
e Gravity: emerges from large-scale variations of the spatial metric

e Quantum phenomena: result from small-scale fluctuations of the same
metric

Mathematical Formulation

We consider a unified region Ry = (Uy, gu, fu), where fy is a scale factor
that incorporates both gravitational and quantum effects:

fule,t) = fo(r) - [1+ald(r, )" + BAfo(r, t)] (192)
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where f,(r) is the classical gravitational scale factor, 9 (r,t) is the quan-
tum wave function, Afg(r,t) represents the quantum fluctuations of the
metric, and «,  are coupling constants.

Unified Field Equation

We propose a unified field equation that governs the evolution of fy:

1 0*fy
V2 fu +7fo(Vfu)? - 2 8tf? = KTy fy (193)
where Ty is a generalized energy-momentum tensor that includes both
classical and quantum contributions, and v and x are constants.

Emergence of Quantum Gravity

In the EGRMR model, quantum gravity emerges as the interaction between
the large-scale variations of the metric (classical gravity) and the small-scale
quantum fluctuations:

e Quantization of space and time: The quantum fluctuations of the met-
ric provide a natural discretization of space at the Planck scale.

e Spacetime foam: Emerges as a consequence of metric fluctuations at
extremely small scales.

e Gravitons: Interpreted as quantized vibrational modes of the scale fac-
tor fy.

Resolution of Paradoxes and Problems

e Problem of time: Time emerges from the rescaled metric structure,
unifying quantum and gravitational time.

e Black hole information paradox: Information could be encoded in the
fine structure of the metric, preserving quantum unitarity.

e Singularities: Potentially avoided due to the discrete nature of the
metric at the Planck scale.

Testable Predictions

e Modifications to the dispersion relation of photons at extremely high
energies.

e Quantum gravity effects in the primordial cosmic expansion.

e Possible violations of the equivalence principle at quantum scales.
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25.2 Fundamental Fields and Particles

The EGRMR model reinterprets fundamental fields and elementary particles
as manifestations of specific metric structures in the underlying Euclidean
space.

Fundamental Fields as Metric Configurations

We interpret fundamental fields as specific variations of the spatial metric:
frela(r, ) =1+ Z a;pi(r, ) (194)

where ¢;(r, t) are the various fundamental fields and «; are coupling con-
stants.

Particles as Metric Solitons

Elementary particles are interpreted as localized and stable metric configu-
rations:

frarticte (T, ) = 1 4+ Bexp(—|r — ro(t)[*/o?) (195)

where r((t) is the position of the particle, /3 is related to the mass/energy
of the particle, and o is related to its characteristic size.

Fundamental Interactions

Interactions between particles emerge from the interactions between their
metric configurations:

e Electromagnetic interaction: Overlap of metric configurations with
U(1) symmetry

e Strong interaction: Metric configurations with SU(3) symmetry
e Weak interaction: Metric configurations with SU(2) symmetry

Spin and Quantum Statistics

The spin of particles emerges from the rotational properties of the metric
configurations:

e Bosons: Metric configurations invariant under rotations of 27

e Fermions: Metric configurations that change sign under rotations of 27
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Quantum statistics (Bose-Einstein or Fermi-Dirac) naturally emerge from
these rotational properties.

Mass and the Higgs Mechanism

The mass of particles is interpreted as a measure of the "rigidity” of the
metric configuration:

m o< /(prarticle)2d37“ (196)

The Higgs mechanism can be reinterpreted as a process of ”stiffening” the
metric configurations through interaction with the Higgs field, represented
by a pervasive metric configuration.

Antiparticles

Antiparticles are interpreted as ”inverse” metric configurations:

fantiparticle =2- fparticle (197)

This interpretation naturally explains particle-antiparticle annihilation as
a process of "flattening” the metric.

Quantum Field Equations

The standard quantum field equations emerge as approximations of the equa-
tions governing the evolution of metric configurations:
1 0%f
Vi + (V) - =gz = LS (198)
where L[f] is a nonlinear function of f that incorporates the symmetries
of the fundamental fields.

25.3 Cosmology in the Context of the Rescaled Metric

The EGRMR model offers an innovative perspective on cosmology, reinter-
preting the evolution of the universe in terms of global variations in the
spatial metric.

Universe as a Cosmological Bubble

The entire observable universe is viewed as a single, vast cosmological bub-
ble Re = (U¢, gc, fc), where U represents all observable space, go is the

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 129

standard Euclidean metric, and fo(t) is a time-dependent cosmic scale factor.
Cosmic Expansion

The expansion of the universe is interpreted as a global increase in the scale
factor fo(t):

fo(t) = alt) (199)
where a(t) is the standard cosmic scale factor.

Modified Friedmann Equations

The Friedmann equations emerge naturally in the EGRMR context:

. 2
81G kA
("}%) “ ST (200)
: )
o erwty (200)

where p is the energy density, p the pressure, k the curvature parameter
(which in EGRMR represents a second-order correction), and A the cosmo-
logical constant.

Cosmic Inflation

Primordial inflation is described as a period of rapid exponential growth of

fo(t):
fo(t) oc e (202)
where H is the Hubble parameter during inflation.

Dark Energy

In the EGRMR model, dark energy emerges as an intrinsic property of the
rescaled metric. The cosmological constant A can be interpreted as an in-
trinsic tendency of space to expand:

2
Aoclimdfo

Hm = (203)
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Dark Matter

Dark matter is reinterpreted as regions of space with local variations in the
metric that do not correspond to visible matter:

fom(r,t) = fe(®)[1 + pu(r)] (204)
where 0pps(r) represents the fluctuations in the metric associated with
dark matter.

Formation of Cosmic Structures

The formation of galaxies and large-scale structures is described in terms of
perturbations in the rescaled metric:

fr,t) = fo(t)[1+6(r,1)] (205)

where d(r,t) represents the density fluctuations.
Cosmic Microwave Background Radiation

Anisotropies in the cosmic microwave background (CMB) are interpreted as
imprints of primordial fluctuations in the rescaled metric:

% o 0 fc(taec) (206)

where 4. is the time of decoupling.
Cosmological Horizon and Causality

The cosmological horizon emerges naturally in EGRMR as the limit beyond
which the rescaled metric becomes undefined, providing a new perspective
on cosmic causality and the horizon problem.

Initial Singularity and the Big Bang

In the EGRMR model, the Big Bang singularity could be avoided. The scale
factor fo(t) might have a non-zero minimum value:

15% fC(t) = fmin >0 (207)

representing a state of minimum metric dilation instead of a singular
point.
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26 Predictions and Verifiability

26.1 Proposed Experiments

The EGRMR model makes several unique predictions that can be tested
experimentally.

Precision Tests of the Rescaled Metric

e Experiment: High-precision measurements of local metric variations
using advanced interferometers.

e Method: Compare the wavelengths of laser beams in different regions
of space.

e EGRMR Prediction: Small variations in wavelengths correlated with
the local mass-energy distribution.

e Required Sensitivity: On the order of Al/l ~ 1072 or better.

Search for Quantum Effects on the Metric

e Experiment: Use macroscopic quantum systems (such as Bose-Einstein
condensates) to probe the fine structure of the metric.

e Method: Observe quantum interference on macroscopic scales.

e EGRMR Prediction: Modified interference patterns reflecting the un-
derlying metric structure.

Tests of Equivalence Principle Violation

e Experiment: Compare the free fall of different types of matter in intense
gravitational fields.

e Method: Use satellites in low Earth orbit with high-precision accelerom-
eters.

e EGRMR Prediction: Small deviations from the equivalence principle
at quantum scales or in intense gravitational fields.

e Required Precision: Improvement of at least two orders of magnitude
compared to current tests.
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Search for Quantum Gravity Signatures in Cosmic Radiation

e Experiment: Detailed analysis of the spectrum of ultra-high-energy
cosmic rays.

e Method: Look for modifications to the dispersion relation of photons
or other particles at extreme energies.

e EGRMR Prediction: Small deviations from the standard dispersion
relation due to quantum gravity effects.

Tests of Strong-Field Effects Near Black Holes

e Experiment: High-resolution observations of the environment near the
event horizon of supermassive black holes.

e Method: Use very-long-baseline interferometry (VLBI) techniques and
multi-wavelength observations.

e EGRMR Prediction: Unique metric structure near the event horizon,
potentially distinguishable from the predictions of general relativity.

e Goal: Improve the resolution of the Event Horizon Telescope by at
least one order of magnitude.

Search for Unique Cosmological Signatures

e Experiment: Detailed analysis of the anisotropies of the cosmic mi-
crowave background (CMB).

e Method: Look for specific patterns in the CMB fluctuations that might
indicate a primordial metric structure.

e EGRMR Prediction: Subtle deviations from Gaussianity or hidden
symmetries in the CMB fluctuations.
26.2 Relevant Astronomical Observations

Gravitational Lensing

e Phenomenon: Deflection of light from distant objects due to the pres-
ence of intervening masses.

e Relevance for EGRMR: Light deflection is interpreted as a direct con-
sequence of metric variation in space.
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e Proposed Observations:

— High-precision analysis of gravitational microlensing events.

— Detailed study of strong gravitational lenses, such as Einstein
rings.

— Mapping of weak lensing on large scales to probe the distribution
of dark matter.

e EGRMR Prediction: Subtle deviations from the lensing predicted by
general relativity, especially in strong-field regimes.

Gravitational Waves

e Phenomenon: Oscillations in the metric of space produced by energetic
astronomical events.

e Relevance for EGRMR: Gravitational waves are interpreted as the
propagation of metric variations in the underlying Euclidean space.

e Proposed Observations:

— Precision analysis of the waveforms of black hole and neutron star
mergers.

— Search for gravitational wave oscillation modes not predicted by
general relativity.

— Multi-messenger observations combining gravitational waves with
electromagnetic signals and neutrinos.

e EGRMR Prediction: Possible subtle modifications to the predicted
waveforms, especially in the final stages of mergers.

Supermassive Black Holes

e Phenomenon: Extremely compact astronomical objects at the centers
of galaxies.

e Relevance for EGRMR: Black holes represent regions of extreme metric
dilation.

e Proposed Observations:

— Very high-resolution imaging of the region near the event horizon.
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— Detailed study of stellar dynamics in the vicinity of Sagittarius
A¥*,

— High-precision spectroscopic analysis of gas accretion onto super-
massive black holes.

e EGRMR Prediction: Unique metric structure near the event horizon,
potentially distinguishable from the predictions of general relativity.

Cosmic Microwave Background (CMB)

e Phenomenon: Residual radiation from the Big Bang that permeates
the universe.

e Relevance for EGRMR: The CMB carries the imprint of the primordial
metric structure of the universe.

e Proposed Observations:

— Detailed analysis of small-scale anisotropies in the CMB.
— Search for non-Gaussian patterns in the CMB fluctuations.
— Study of CMB polarization, particularly the B-modes.
e EGRMR Prediction: Subtle deviations from Gaussianity or hidden

symmetries in the CMB fluctuations that reflect the primordial metric
structure.

Large-Scale Structure of the Universe

e Phenomenon: Distribution of galaxies and dark matter on cosmological
scales.

e Relevance for EGRMR: The formation of cosmic structures is driven
by large-scale variations in the metric.

e Proposed Observations:
— High-precision mapping of the three-dimensional distribution of
galaxies.

— Detailed statistical analysis of the cosmic web (filaments, voids).

— Study of the evolution of cosmic structures over time through
observations at different redshifts.

e EGRMR Prediction: Possible subtle deviations from the structure pre-
dicted by the standard Lambda-CDM model, especially on very large
scales.
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Pulsars and Precision Tests of Relativity

e Phenomenon: Rotating neutron stars emitting regular radio beams.

e Relevance for EGRMR: Pulsars provide extremely precise astronomical
"clocks” for testing relativistic effects.

e Proposed Observations:

— Ultra-precise timing of millisecond pulsars.

— Detailed study of binary pulsar systems, particularly in very tight
orbits.

— Search for minute deviations from the predicted Shapiro delay.

e EGRMR Prediction: Small deviations from standard relativistic effects
in strong-field regimes or at high orbital velocities.

26.3 Numerical Simulations

Numerical simulations are crucial for verifying and developing the EGRMR
model, allowing for the exploration of complex scenarios and the generation
of detailed predictions that can be compared to observations.

Cosmological Simulations

e Goal: Model the large-scale evolution of the universe within the EGRMR
framework.

e Methods:

— Implementation of modified N-body codes to incorporate the EGRMR
rescaled metric.

— Use of adaptive mesh refinement techniques to solve the EGRMR
field equations on cosmological scales.

e Key Aspects to Simulate:

— Formation of cosmic structures (galaxies, clusters, filaments).
— Evolution of dark matter and dark energy.

— Propagation of gravitational waves on cosmological scales.
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Black Hole Simulations

e Goal: Model the structure and dynamics of black holes within the
EGRMR framework.

e Methods:

— Development of numerical relativity codes adapted to the EGRMR
formalism.

— Use of spectral evolution techniques for high accuracy.
e Key Aspects to Simulate:

— Black hole mergers and the production of gravitational waves.

— Accretion of matter onto supermassive black holes.

— Detailed structure of the event horizon and the surrounding re-
gion.

Stellar System Simulations

e Goal: Model the dynamics and evolution of stellar systems within the
EGRMR context.

e Methods:

— Adaptation of stellar evolution codes to incorporate EGRMR ef-
fects.

— Development of high-precision N-body simulations with rescaled
metric.

e Key Aspects to Simulate:

— Evolution of compact binary systems (binary pulsars, black hole
binaries).

— Dynamics of globular clusters and dwarf galaxies.

— Gravitational lensing effects in dense stellar systems.
Particle Physics Simulations

e Goal: Explore the consequences of the EGRMR model at the subatomic
level.

e Methods:

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 137

— Development of quantum Monte Carlo simulations adapted to the
EGRMR formalism.

— Implementation of lattice gauge theory techniques with rescaled
metric.

e Key Aspects to Simulate:

— Fundamental interactions in high-energy regimes.
— Behavior of elementary particles in intense gravitational fields.

— Quantum gravity effects at the Planck scale.
Relativistic Fluid Simulations

e Goal: Model the behavior of fluids in relativistic regimes within the
EGRMR context.

e Methods:

— Adaptation of relativistic magnetohydrodynamics codes to the
EGRMR formalism.

— Development of smoothed particle hydrodynamics (SPH) tech-
niques with rescaled metric.

e Key Aspects to Simulate:

— Relativistic jets from active galactic nuclei and microquasars.
— Plasma dynamics in the solar wind and pulsar magnetospheres.

— Neutron star collisions and kilonova production.
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Part IV
A New Theory

27 Axioms

27.1 Axiom of Local Invariance

Axiom 27.1 (Local Invariance). In any local region of the universe, regard-
less of its global metric, the laws of physics and observable phenomena adapt
in such a way that a local observer cannot distinguish, through local experi-
ments, their metric from that of any other region.

Mathematically:

NENGCONES (208

where AV represents an infinitesimal local volume around a point (r,t),
and f(r,t) is the metric scale function.

27.2 Axiom of Variable Metric

Axiom 27.2 (Variable Metric). Space is fundamentally Fuclidean, but en-
dowed with a metric that can vary locally and dynamically. This variation
is described by a metric scale function f(r,t) that modifies the standard Eu-
clidean metric g;;:

ds® = f*(r,t)g;;dx' dx’ (209)

27.3 Axiom of Energy-Metric Equivalence

Axiom 27.3 (Energy-Metric Equivalence). Energy and metric variations
are equivalent manifestations of the same fundamental physical reality. The
energy density p at a point is directly correlated to the local variation of the
metric scale function:

A
e

where G is the gravitational constant, c is the speed of light, and « is a
coupling constant.

p [V2f +a(VF)?] (210)
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27.4 Axiom of Metric Conservation

Axiom 27.4 (Metric Conservation). The total sum of metric variations in
a closed system remains constant over time. Mathematically:

%TVKVdeV::O (211)

where V' is the volume of the considered closed system.

27.5 Axiom of Metric Quantization

Axiom 27.5 (Metric Quantization). At the Planck scale, metric variations
assume discrete values. The metric scale function f is quantized according
to:

l
f:1+nf (212)

where n is an integer, lp is the Planck length, and L is a characteristic
length scale.

27.6 Axiom of Metric Causality

Axiom 27.6 (Metric Causality). The propagation of metric variations is

limited by the local speed of light. For any metric variation 0 f:

9(3f)
t

a— S Clocal|v(5f)| (213)

where Coeq = ¢/ [ is the local speed of light.

Note 27.1. The choice to formulate the axiom in terms of the local speed of
light cocar might make some physicists “shudder,” as it seems to imply that the
mazximum propagation speed could be less than c in regions with dilated metric
(f > 1). However, this is only an apparent effect due to the local dilation
of distances. An alternative formulation that emphasizes the invariance of ¢
could be: 7 The propagation of metric variations locally respects the light cone
defined by the speed c in the local metric, even though globally ¢ remains a
universal constant.”
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28 Exploratory Perspective

28.1 Introduction

The Variable Metric Unified Theory (VMUT) proposes a reinterpretation of
the nature of space, time, and energy. At the heart of this theory is the idea
that energy is intrinsically linked to the metric structure of space itself.

VMUT suggests that all physical phenomena, from quantum mechanics
to gravity, from cosmic expansion to elementary particles, can emerge from
variations in the spatial metric, without the need to introduce additional
forces or fields.

The central idea of VMUT can be summarized as follows:

1. The metric of space is not fixed but can vary locally and dynamically.
2. These metric variations are the essence of what we perceive as energy.

3. Matter, fundamental forces, and the flow of time emerge from specific
configurations of these metric variations.

It’s important to note that while VMUT offers an innovative perspective,
it is still a theory under development. Many of the ideas presented here are
speculative and will require further theoretical development and experimental
verification.

28.2 DMotivations for a Unified Theory

The search for a unified theory in physics is driven by several fundamental
motivations:

1. Conceptual Simplicity: The idea that the fundamental laws of the
universe should be simple and elegant has guided many discoveries in
physics. A unified theory promises to reduce the apparent complexity
of physical phenomena to a set of fundamental principles.

2. Theoretical Consistency: Currently, we have separate theories to
describe phenomena at different scales (e.g., quantum mechanics for
the microscopic world, general relativity for gravity). A unified theory
would resolve the incompatibilities between these theories.

3. Explanatory Power: A truly unified theory should explain seem-
ingly disparate phenomena, from particle physics to cosmology, within
a single conceptual framework.
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4. Predictive Power: A unified theory would not only explain known
phenomena but could also predict new phenomena not yet observed,
thus guiding future research.

5. Fundamental Understanding: At the heart of the search for a uni-
fied theory is the desire to understand the fundamental nature of reality.
What is the essence of the universe? How do space, time, matter, and
energy emerge?

VMUT aims to address these challenges by reinterpreting the fundamen-
tal concepts of space, time, and energy. By proposing that energy is intrinsi-
cally linked to variations in the spatial metric, VMUT offers a new approach
to unify the different aspects of physics into a single coherent framework.

28.3 The Principle of Simplicity and Elegance in Na-
ture

The principle of simplicity and elegance in nature, often attributed to William
of Ockham and known as ”Ockham’s Razor,” argues that among competing
explanations for a phenomenon, we should prefer the one that makes the
fewest assumptions. This principle has guided many of the greatest discov-
eries in theoretical physics.

In the context of VMUT, the principle of simplicity and elegance mani-
fests in several ways:

1. Conceptual Unification: VMUT proposes that all physical phenom-
ena can be understood as manifestations of variations in the spatial
metric.

2. Fundamental Geometry: The idea that physical reality can be de-
scribed in terms of geometric properties of space is inherently elegant.

3. Hierarchical Structure: VMUT’s vision of a universe composed of
metric "bubbles” at different scales offers an elegant explanation for
the apparent complexity of the physical world.

4. Economy of Assumptions: VMUT seeks to explain a wide range
of physical phenomena by making a minimal number of fundamental
assumptions.

5. Mathematical Beauty: The basic idea promises an elegant mathe-
matical formulation, with the possibility of describing all physical phe-
nomena in terms of variations of a single entity (the spatial metric).
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VMUT’s adherence to the principle of simplicity and elegance is not just
a matter of aesthetics. The history of physics has repeatedly shown that
the simplest and most elegant theories tend to be the most profound and
enduring.

28.4 Illustrative Examples of the Metric-Energy Du-
ality

To illustrate the connection between metric and energy in VMUT, let’s con-
sider some concrete examples.
28.4.1 The Deformable Gas Container

Consider an ideal deformable container filled with gas. This example demon-
strates the fundamental duality between energy and metric.

Heat
Hot gas

|

Initial state
Thermal expansion

Expansion
—_— Hot gas

Initial state
Mechanical expansion

Figure 2: Metric-energy duality in a gas bubble

Scenario 1: Energy — Metric
e We add energy in the form of heat to the gas.

e The gas expands, causing the container to deform.
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e The metric of the system (represented by the volume of the container)
changes in response to the energy input.

Scenario 2: Metric — Energy
e We mechanically expand the container, directly modifying its metric.
e The gas inside expands to fill the new volume.

e The temperature of the gas increases, manifesting an increase in kinetic
energy.

This example illustrates the bidirectional relationship between energy and
metric in VMUT:

1. Energy input can cause metric changes (expansion of the container).
2. Metric changes can generate energy (increase in gas temperature).

In VMUT, this duality reflects the fundamental nature of physical reality.
Metric variations and energy manifestations are two aspects of the same
underlying phenomenon, thus unifying the concepts of space and energy into
a single conceptual framework.

28.4.2 Class A Stars vs. Neutron Stars: Same Mass, Different
Metrics

This example illustrates how the same amount of mass-energy can manifest
in radically different metric configurations.

Consider two astronomical objects with the same mass of 1.4 solar masses
(Mo):

Class A Star:

e Radius: ~ 1.7 solar radii (&~ 1.2 x 10 km)

e Average density: ~ 0.4 g/cm?®

e Metric configuration: moderately dilated over a large volume
Neutron Star:

e Radius: ~ 10 km

e Average density: ~ 10 g/cm3

e Metric configuration: extremely dilated in a tiny volume
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|

N Neutron Star )

Radius: ~ 1.7Rg Radius: ~ 10 km
p~0.4g/cm? p~ 10" g/cm?

Figure 3: Comparison between a Class A star and a neutron star

In the VMUT model, we interpret these differences as manifestations of
different metric configurations:

2GM
fa(r)y =1+ 2, vs  fn(r) = (1
where fa and fy are the metric scale functions for the Class A star and

the neutron star, respectively.
This example illustrates how the same amount of energy (mass) can man-

ifest in radically different metric configurations:

(214)

c2r

2GM>_1/2

1. The Class A star represents a moderate metric dilation distributed over
a relatively large volume.

2. The neutron star represents an extreme metric dilation concentrated
in a very small volume.

In VMUT, these different metric configurations are the essence of what
we perceive as different types of astronomical objects. Mass is not simply a
”content” of space but a direct manifestation of the metric structure of space
itself.

This example emphasizes that it is the metric, not the energy itself, that
is the fundamental quantity in VMUT. The same amount of mass-energy
can produce drastically different effects depending on how it is ” configured”

metrically in space.
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28.5 Conceptual Foundations

28.5.1 The Metric as the Essence of Energy

VMUT proposes a radical shift in our understanding of the fundamental
nature of energy and its relationship with space. The central idea is that
energy is not a separate entity that exists in space but is intrinsically linked
to the metric structure of space itself.

Reversal of the Energy-Space Paradigm:

e Traditional View: Energy warps spacetime.

e VMUT View: Metric variations of space manifest as energy.

This paradigm shift has profound implications:

1.

Energy as a Geometric Property: Energy is seen as an intrinsic
property of the geometric structure of space.

Conceptual Unification: Seemingly disparate phenomena emerge
from specific configurations of the spatial metric.

. Reinterpretation of Matter: Matter is seen as regions of space with

particularly stable and localized metric configurations.

. New Understanding of Vacuum: The ”vacuum” is not the absence

of energy but a fundamental state of the spatial metric, with its own
fluctuations and properties.

. Emergent Gravity: Gravity emerges naturally from large-scale vari-

ations in the spatial metric.

Mathematically, we can express this fundamental idea as:

Eoc/(Vf)2dV (215)

where F is energy, f is the metric scale function, and V' is the considered
volume.

Metric-Energy Duality:

VMUT postulates a bidirectional relationship between metric and energy.
This duality is illustrated by the following examples:

e Deformable Gas Container: Demonstrates how energy variations

(heat) and metric variations (container expansion) are intrinsically linked
and interchangeable.
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e Class A Stars vs. Neutron Stars: Illustrates how the same amount
of mass-energy can manifest in radically different metric configurations.

These examples emphasize that metric and energy are two aspects of the
same fundamental reality. Metric variations can generate energy, and vice
versa, energy can cause metric changes.

VMUT proposes that this metric-energy duality is the key to unifying
our understanding of all physical phenomena, from the quantum scale to
the cosmological scale. It offers a new conceptual framework for rethinking
the foundations of physics, promising to reconcile quantum mechanics with
general relativity and provide new insights into long-standing problems such
as the nature of dark matter and dark energy.

28.5.2 Reversibility between Metric Variations and Energy

A fundamental principle of VMUT is the reversibility between variations in
the spatial metric and energy manifestations. This reversibility is at the heart
of the metric-energy duality and offers a new perspective on the fundamental
nature of physical reality.

Principle of Reversibility:

Variations in the spatial metric can generate energy, and vice versa, en-
ergy can induce changes in the spatial metric. This process is bidirectional
and, in principle, reversible.

Metric Variations «— Energy Manifestations (216)

Implications of the Reversibility Principle:

1. Information Conservation: Reversibility implies that information
about the metric state is preserved in energy-metric transformations,
suggesting a possible resolution to the black hole information paradox.

2. Origin of Thermodynamic Irreversibility: The apparent irre-
versibility observed in macroscopic processes could emerge from the
complexity of large-scale metric configurations, rather than being a
fundamental property.

3. New Perspective on Quantum Processes: Quantum phenomena
like entanglement and superposition could be interpreted as manifesta-
tions of reversible metric configurations at the microscopic scale.

4. Reinterpretation of Phase Transitions: Phase transitions in mat-
ter could be seen as reversible reorganizations of the local metric struc-
ture.
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Examples of Metric-Energy Reversibility:

e Photoelectric Effect: The absorption of a photon (energy) by an
atom can be seen as a transformation of an oscillating metric config-
uration (the photon) into a variation of the atomic metric (electron
excitation).

e Particle-Antiparticle Annihilation: This process can be interpreted
as the ”cancellation” of complementary metric configurations, resulting
in a uniform metric (which we perceive as pure energy).

e Pair Production: The reverse process, where pure energy transforms
into particles, represents the emergence of localized metric configura-
tions from a uniformly excited metric.

Mathematical Formulation:
The reversibility between metric and energy can be expressed through a
generalized field equation:

D[f] = r€lf] (217)

where D is a differential operator describing the dynamics of the metric
f, € is a functional representing the energy distribution, and « is a coupling
constant.

Reversibility implies that this equation can be solved for both f given &,
and for £ given f, representing the fundamental duality between metric and
energy.

The principle of reversibility in VMUT offers a new conceptual frame-
work for understanding fundamental physical processes. It suggests that the
distinction between space, time, and energy might be more fluid than pre-
viously thought, opening new avenues for the unification of physics and the
resolution of long-standing paradoxes.

28.5.3 Unification of Space, Time, and Energy

VMUT offers an innovative vision of the unification of space, time, and en-
ergy, proposing a conceptual framework that could resolve many of the ex-
isting tensions between general relativity and quantum mechanics.

Principle of Unification

In VMUT, space, time, and energy are not separate entities but intercon-
nected aspects of a single fundamental geometric reality.
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e Space: A dynamic structure characterized by local metric variations.

e Time: Emerges as a manifestation of the rate of change of spatial

metric configurations.

e Energy: Manifests as the degree and complexity of metric variations

in space.

Mathematical Formalization

We can express this unification through a generalized action functional:

S = [ £1f.0u8. 0,0, 110" (218)

where L is a Lagrangian density that depends on the metric function f
and its derivatives, and the integration is over a four-dimensional volume
that includes three spatial dimensions and one temporal dimension.

Implications of Unification

1.

Emergence of Time: The flow of time emerges from the variations in
spatial metric configurations. This could resolve the ”problem of time”
in quantum gravity.

New Interpretation of Causality: Causality emerges from the struc-
ture of metric variations, rather than being imposed as a separate prin-
ciple.

Natural Quantization: Quantum fluctuations naturally emerge as
small-scale metric variations, unifying quantum concepts with the spa-
tial structure.

Unification of Forces: All fundamental forces can be seen as manifes-
tations of different "modes” of metric variation, offering a path towards
the long-sought theory of everything.

Resolution of Paradoxes: Seemingly paradoxical phenomena like
quantum entanglement can be reinterpreted as natural properties of
the unified metric structure.
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Examples of Unification

e Black Holes: Represent regions of extreme metric dilation where
space, time, and energy converge into a single geometric entity.

e Quantum Vacuum: Fundamental state of metric fluctuations that
unifies the concepts of space, zero-point energy, and Planck time.

e Gravitational Waves: "Ripples” in the unified metric structure, si-
multaneously carrying information about space, time, and energy.

Future Prospects

The unification of space, time, and energy in VMUT opens new avenues for
research:

e Development of a complete theory of quantum gravity based on unified
geometric principles.

e New interpretations of cosmological phenomena, including the expan-
sion of the universe and the nature of dark energy.

e Possible predictions of new physical phenomena at the boundaries be-
tween quantum and gravitational regimes.

In conclusion, VMUT proposes that space, time, and energy are not sep-
arate concepts but interconnected aspects of a single fundamental geometric
reality. This unification promises to provide a coherent conceptual frame-
work for understanding the universe from the Planck scale to the cosmolog-
ical scale, potentially resolving many of the persistent mysteries in modern
physics.

28.5.4 Local Invariance and Nature’s Accommodation

A fundamental aspect of VMUT is how nature locally ”accommodates” met-
ric variations, maintaining an apparent invariance of physical laws. This
mechanism explains how physical laws can appear universal despite varia-
tions in the spatial metric.

Principle of Local Accommodation

In each local region, regardless of its global metric, nature adjusts physical
phenomena so that the laws appear unchanged. Mathematically:
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flocal =1 (apparentIY> (219)

This principle implies that a local observer cannot directly distinguish
their metric from that of another region.

Spatial and Temporal Dilation

The relationship between spatial and temporal dilation is a key example of
this accommodation:

e Dilated Spaces: f > 1, requires more time to traverse

e Contracted Spaces: f < 1, requires less time to traverse

This inverse relationship keeps the speed of light constant locally:

local dist
Clocal = M = constant (220)
local time

Example of the Cesium-133 Clock

An atomic clock based on cesium-133 illustrates this principle:

e In a dilated space: more wavelengths per unit distance, but also more
time per oscillation

e In a contracted space: fewer wavelengths per unit distance, but also
less time per oscillation

The net result is that the locally measured frequency remains invariant:

number of oscillations

= 9,192,631, 770 Hz (221)

Viocal = .
oo local time

Implications for Physical Laws
This accommodation mechanism has profound implications:

1. Apparent Universality: Physical laws appear universal at the local
level.

2. Observational Consistency: Local experiments yield consistent re-
sults regardless of the global metric.
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3. Equivalence Principle: Supports the equivalence principle, funda-
mental to the theory of relativity.

4. Local Indistinguishability: An observer cannot determine the ab-
solute metric of their region through local experiments.

Limits of Local Accommodation
Despite its effectiveness, this mechanism has limits:

e Nonlocal Effects: Phenomena involving large distances or long peri-
ods may reveal metric variations.

e Strong Metric Gradients: In the presence of strong gradients in the
metric, the effects could become locally observable.

e Extreme Scales: At very small scales (near the Planck length) or
very large scales (cosmological scales), the accommodation may not be
perfect.

The principle of local accommodation in VMUT provides an explanation
for the apparent universality of physical laws while maintaining the flexibility
of a variable metric. This concept is fundamental to understanding how
VMUT can reconcile large-scale metric variations with the consistency of
local observations, offering a conceptual bridge between local physics and
cosmological phenomena.

28.5.5 Proper Time and Subjective Perception

The principle of local accommodation in VMUT has profound implications
not only for physics but also for our understanding of the subjective experi-
ence of time.

Invariance of Proper Time

Regardless of the metric region in which an individual resides, they will
experience their own ”proper time” consistently with their internal biology.

Example of the ”Month of Life”
Consider the case of an individual with a limited life expectancy:

T
dt
Tsubjective — TN 222
b = J 50 22
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where Tyupjective 18 the subjective time experienced, T is the external time
period, and f(t) is the local metric scale function.

Biological Consistency

The individual’s internal biological processes will locally adapt to the metric,
maintaining a constant subjective "rhythm” of life.

Apparent Paradox

While an external observer might measure different times in different metrics,
the individual will always experience their full ”month” in terms of subjective
experience.

Philosophical and Ethical Implications

This conclusion has profound implications:

1. Relativity of Experience: It underscores the deeply relative nature
of the temporal experience.

2. Universality of Human Experience: It suggests a kind of ”cos-
mic equity” in the subjective experience of time, regardless of external
conditions.

3. Limits of Temporal Manipulation: It implies that, despite met-
ric variations, one cannot ”cheat” the internal biological time of an
individual.

4. Mind-Body Connection: It highlights the deep connection between
our subjective perception and the fundamental laws of the universe.

This interpretation of VMUT offers a unique perspective on the nature
of time and human experience, unifying concepts from physics, biology, and
philosophy into a coherent framework.

Grand Unified Theories

VMUT could provide a natural framework for the unification of forces:

e Unification of Interactions: All fundamental forces could emerge
from different "modes” of metric variation.

e Gauge Symmetries: Reinterpreted as symmetries of the variable
metric structure.
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28.6 Preliminary Mathematical Formulation

28.6.1 Field Equations for the Variable Metric

The VMUT requires a mathematical formulation that captures the essence
of the dynamic relationship between the spatial metric and energy. The field
equations for the variable metric are at the heart of this formulation.

Fundamental Field Equation

The fundamental field equation in VMUT can be expressed as:
D[f] = kTIf] (223)
where:
e f(x,t) is the metric scale function
e D is a differential operator that describes the dynamics of the metric
e 7 is a functional that represents the energy-matter distribution
e k is a coupling constant

Explicit Form of the Operator D

A possible explicit form of the operator D could be:

1 02
c_28_t§ +af(VF)?+6f° (224)

where a and [ are constants that determine the nonlinear properties of
the metric.

DIf] = V2f -

Energy-Matter Functional 7

The functional 7[f] could take the form:

TIf1=pf>+pf (225)

where p is the energy density and p is the pressure.
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Continuity Equation
The conservation of energy-matter is expressed by the continuity equation:
9 3 3
oI+ (pf*v) =0 (226)
where v is the velocity of the energy-matter flow.
Equations for Specific Fields

For specific fields, such as the electromagnetic field, we can have additional
equations:

0

V% (fE) = —(/*B) (227)
VX (f%B) = jod + =2 (1B (228)
0 2 ot
where E and B are the electric and magnetic fields, and J is the current

density.

These equations form the mathematical basis of VMUT, describing how
the spatial metric varies in response to the presence of energy and matter,
and how these metric variations, in turn, influence the dynamics of fields and
particles.

28.6.2 Conservation and Symmetry Properties

Conservation and symmetry properties are fundamental in VMU', providing
important constraints on the structure of the theory and connecting it to
fundamental physical principles.

Energy-Momentum Conservation

In the context of VMUT, the conservation of energy-momentum takes on a
geometric form:

VL (FT) =0 (229)

where T is the energy-momentum tensor and f is the metric scale func-
tion.
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Global Scale Invariance
VMUT exhibits global scale invariance under the transformation:

f(x) = Af(x), x—A'x (230)

where A is a positive constant. This symmetry reflects the idea that
physics is invariant under a global rescaling of the metric.

Metric Gauge Symmetry
The theory admits a local gauge symmetry of the form:

F(x) = f(x)e™ (231)

where ¢(x) is an arbitrary function. This symmetry is analogous to gauge
symmetry in field theories and could be the basis for the unification of fun-
damental forces.

Diffeomorphism Invariance

VMUT maintains diffeomorphism invariance, a key property of general rel-
ativity. Under a coordinate transformation x — x/(x), the scale function

transforms as:
ox’
det | —
‘ (ax)

For fields that carry charge, such as the electromagnetic field, we have a
conservation law of the form:

~1/3

') =f(x) (232)

Charge Conservation

0
() £V (££3) =0 (233)
where p, is the charge density and J is the current density.

Principle of Least Action

The dynamics of VMUT can be derived from a principle of least action:

S = / L[f,0,fd"z (234)
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where £ is the Lagrangian density of the theory. This principle ensures
that the equations of motion automatically respect the symmetries of the
Lagrangian.

Time Reversal Symmetry

In the absence of external sources, VMUT maintains invariance under time
reversal:

f(xa t) — f(Xa _t) (235>
This symmetry reflects the fundamental reversibility of physical laws at
the microscopic level.
28.6.3 Connection with Existing Theories

VMUT aims to provide a unified framework for physics, connecting and
potentially extending existing theories.

General Relativity

VMUT incorporates many of the key principles of General Relativity (GR):

e Metric-Gravity Equivalence: While GR describes gravity as the
curvature of spacetime, VMUT interprets it as variations in the spatial
metric.

e Weak Field Limit: In the limit of small metric variations, the equa-
tions of VMUT reduce to Einstein’s field equations:

81G
Guy ~ C_4T;u/ (236)

where G, is the Einstein tensor and 7}, is the energy-momentum
tensor.

Quantum Mechanics

VMUT offers a new perspective on quantum phenomena:

e Wave Function: In VMUT, the wave function ¢ could be interpreted
as a description of local metric fluctuations:

f(x,t) =1+ al(x,t)]? (237)

where « is a coupling constant.
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e Uncertainty Principle: Emerges naturally from the limitations on
the measurability of metric variations at small scales:

AzAp > g = AfAVf)>k (238)

Quantum Field Theory

VMUT could provide a geometric foundation for QFT:

e Quantum Fields: Interpreted as modes of vibration of the variable
metric.

e Renormalization: Ultraviolet divergences could be naturally regular-
ized by the discrete structure of the metric at Planck scales.

Standard Model of Particle Physics

VMUT suggests a geometric reinterpretation of the Standard Model:

e Fundamental Particles: Emerge as stable metric configurations or
"nodes” in the structure of space.

e Fundamental Interactions: Seen as consequences of superpositions
and interactions between different metric configurations.

Cosmology

VMUT offers new perspectives on cosmological phenomena:

e Expansion of the Universe: Interpreted as a global dilation of the
spatial metric:

ft) = alt) (239)

where a(t) is the cosmic scale factor.

e Dark Energy: Could emerge as an intrinsic property of the expanding
metric, without the need to introduce an ad hoc cosmological constant.

Grand Unified Theories

VMUT could provide a natural framework for the unification of forces:

e Unification of Interactions: All fundamental forces could emerge
from different "modes” of metric variation.

e Gauge Symmetries: Reinterpreted as symmetries of the variable
metric structure.
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28.7 Physical Implications

28.7.1 Emergence of Fundamental Forces

One of the most profound implications of VMUT is the possibility of explain-
ing the emergence of fundamental forces as manifestations of variations in
the spatial metric.

Principle of Emergence

In VMUT, fundamental forces are not considered separate entities but emerge
as consequences of specific configurations and dynamics of the variable met-
ric.

Force = F[f(x,t), Vf(x,t),0.f(x,1)] (240)

where F is a functional that depends on the metric scale function f and
its spatial and temporal derivatives.

Gravity

Gravity emerges naturally as the macroscopic manifestation of large-scale
metric variations:

F, = —mc*Vlog f(x) (241)

This formulation reproduces Newton’s law of gravitation in the weak-field
limit and naturally extends to strong-field regimes.

Electromagnetic Force

The electromagnetic field can be interpreted as a particular mode of metric
variation:

fem(x,t) =14+ a(E? — B?) + B(E - B) (242)

where o and f are coupling constants. Maxwell’s equations emerge as
consequences of the field equations for this metric.

Strong Nuclear Force

The strong force could emerge from metric variations at subatomic scales,
with a more complex tensorial structure:

fstrong (X) = 52']' + ’Ya)\f?j (X) (243)
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where A{; are the generators of the SU(3) group and ~, are the gauge
fields of quantum chromodynamics.

Weak Nuclear Force

The weak force could be associated with metric variations that violate parity:

Jwear(3, 1) = 1+ W H(x, )W~ (x,t) + (Z°(x,t)? (244)

where W* and Z° represent the fields of the weak force vector bosons.
Unification of Forces

VMUT suggests that at very small scales, all these metric variations converge
into a single unified structure:

fum'fz'ed(xa t) = fg : fEM . fstrcmg : fweak (245)
This unification could naturally solve the hierarchy problem and explain
the apparent difference in strength between the fundamental forces.

Observable Implications

e New Interactions: VMUT predicts possible new interactions arising
from hitherto unobserved modes of metric variation.

e Modifications to Force Laws: At extreme scales (very small or very
large), force laws might deviate from their currently known forms.

e Preservation of Lorentz Invariance: VMUT, through the concept
of the ”Planck bubble,” establishes a physical limit to the contraction
of space. This mechanism allows the theory to maintain Lorentz in-
variance at all accessible scales, thus preserving consistency with the
fundamental principles of relativity.

28.7.2 Interpretation of Matter as Metric Configurations

In VMUT, matter is not conceived as a separate entity that exists in space
but emerges as a manifestation of specific configurations of the spatial metric.

Fundamental Principle

Matter is interpreted as a localized and relatively stable metric configuration
in space.
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fmatter(r) = 1 + qb(r) (246)

where ¢(r) represents the deviation from the flat metric associated with
the presence of matter.

Elementary Particles

Fundamental particles emerge as "nodes” or particularly stable metric con-
figurations:

fparticle(r) =1+ A€7|r|2/02 (247)

where A represents the intensity of the metric variation (correlated with
the mass/energy of the particle) and o its spatial extent.

Mass and Energy

The mass of a particle is directly correlated with the integral of its metric
variation:

m o< /(Vf)2d3r (248)

This formulation provides a direct geometric interpretation of Einstein’s
mass-energy equivalence.

Interactions Between Particles

Interactions between particles emerge from the overlap and interaction of
their metric configurations:

finteraction(r> = fl (I') : f2(r) —1 (249)
Extended Matter

Macroscopic objects are interpreted as complex superpositions of metric con-
figurations:

Fajeet(®) = 1+ / (1) (r — ) (250)

where p(r’) represents the distribution of "metric density.”
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Implications

e Unification of Matter and Space: The distinction between matter
and empty space becomes a matter of degree rather than kind.

e Origin of Mass: Mass emerges naturally as a property of metric
configurations, potentially solving the problem of the origin of mass
without the need for the Higgs mechanism.

e Natural Quantization: The stability of certain metric configurations
could explain the quantized nature of elementary particles.

e New Perspective on Matter Transformations: Phenomena like
particle creation/annihilation can be interpreted as transitions between
different metric configurations.

Quantum Fluctuations and Phases of Matter

In VMUT, quantum fluctuations of space not only give rise to particles but
can also explain the different phases of matter and phase transition phenom-
ena:

e Ground State (Vacuum): Low-amplitude, high-frequency fluctua-
tions in dynamic equilibrium.

e Elementary Particles: Amplified and stabilized fluctuations in spe-
cific metric configurations.

e States of Matter:

— Solid: Highly ordered and correlated metric fluctuations.

— Liquid: Fluctuations with short-range correlations.

— Gas: Largely independent fluctuations.

— Plasma: High-energy fluctuations with strong electromagnetic cou-
pling.

e Exotic States of Matter:

— Bose-Einstein Condensate: Coherent metric fluctuations on a macro-
scopic scale.

— Superfluid: Fluctuations with long-range order in the phase.

— Superconductor: Metric fluctuations coupled with the electromag-
netic field in a coherent manner.
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28.7.3 Gravity and Spacetime Curvature

In VMUT, gravity assumes a fundamental role as a direct manifestation of
variations in the spatial metric.

Fundamental Principle

Gravity emerges from variations in the spatial metric, without the need to
invoke a curvature of four-dimensional spacetime.

2GM

c2r

fo(r) =1+

where G is the gravitational constant, M is the mass generating the grav-
itational field, and r is the distance from the center of mass.

(251)

Reinterpretation of Spacetime Curvature

In VMUT, what is described in general relativity as the curvature of space-
time is reinterpreted as a variation in the spatial metric that influences the
flow of time:

dr 1
AT 252

where 7 is the proper time and ¢ is the coordinate time.

Field Equation

The VMUT field equation for gravity takes the form:

1 0%f A
ng_ 2 87529 e '0

(253)
where p is the mass-energy density.
Geodesics and Motion of Bodies

The motion of bodies under the influence of gravity is described by:

d’r
ﬁ AV log fg (254)
This equation reproduces both Newtonian motion in weak fields and rel-

ativistic effects in strong fields.
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Key Gravitational Effects

e Light Deflection: Emerges naturally from the variation of the metric
along the path of the light ray.

e Shapiro Time Delay: Interpreted as an effect of the dilation of the
path in space with a variable metric.

e Precession of Perihelion: Result of the nonlinearity of the metric
near massive bodies.

e Gravitational Waves: Interpreted as perturbations propagating in
the spatial metric:

fo(r,t) =1+ hi(t—r/c)es + hy(t —r/c)ex (255)
where h, and hy are the two polarizations of the wave.

Cosmological Implications

e Expansion of the Universe: Interpreted as a global dilation of the
spatial metric:

fcosm(t) = a(t) (256)
where a(t) is the cosmic scale factor.

e Dark Energy: Could emerge as an intrinsic property of the expanding
metric, without the need to introduce an ad hoc cosmological constant.

e Black Holes: Reinterpreted as regions of extreme metric dilation, with
the event horizon emerging as a surface of critical dilation.

Gravitational Field as an Extension of E = mc?

VMUT offers a revolutionary perspective on the gravitational field, reinter-
preting it as a direct extension of Einstein’s mass-energy equivalence princi-
ple:

e Fundamental Equivalence: The gravitational field is essentially a
manifestation of the energy associated with mass, extended in space.

e Mathematical Formulation:
Ey(r) = me? - fo(r) (257)

where E,(r) is the energy of the gravitational field at a distance r from
the mass m, and f,(r) is the gravitational metric scale function.
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e Energy-Field Continuity: This formulation highlights how the grav-

itational field is a continuation of the mass’s energy into the surround-
ing space.

e Conceptual Unification: Gravity is no longer seen as a separate

force but as a natural extension of the energy associated with mass in
the metric fabric of space.

Implications:

1.

Nonlocality of Energy: The energy associated with a mass is not
confined to its location but extends into space as a gravitational field.

. Gravity as a Geometric Property: Confirms Einstein’s view of

gravity as the curvature of spacetime, but reinterprets it in terms of
metric variations in Euclidean space.

. Unification of Energy and Gravity: Provides a conceptual basis

for the unification of gravity with other forms of energy within the
VMUT framework.

. New Perspective on Action at a Distance: Explains how gravity

can act at a distance without the need for mediators (gravitons), being
a direct extension of the mass’s energy.

28.7.4 Quantum Mechanics and Metric Fluctuations

VMUT offers an innovative perspective on quantum mechanics, reinterpret-
ing quantum phenomena as manifestations of fluctuations in the spatial met-

I1C.

Fundamental Principle

Quantum phenomena emerge from fluctuations of the spatial metric at mi-
croscopic scales.

fo(r,t) =1+6f(r,1) (258)

where d f(r,t) represents the quantum fluctuations of the metric.
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Wave Function and Metric Fluctuations

The wave function ¢ of quantum mechanics is reinterpreted as a description
of metric fluctuations:

df(r,t) = al(r, 1) (259)
where « is a coupling constant.
Metric Schrodinger Equation

The evolution of metric fluctuations is governed by an equation analogous to
the Schrodinger equation:

_asf m_,

Superposition Principle

Quantum superposition emerges from the linear superposition of metric fluc-
tuations:

5f = 015f1 + 025f2 (261)
Uncertainty Principle

Emerges naturally from the limitations on the measurability of metric fluc-
tuations:

AxAp > = AfA(VSf) >k (262)

DO | St

Quantum Entanglement

Interpreted as nonlocal correlations between metric fluctuations in spatially
separated regions:

6fap =0fa®@0fp (263)
Key Quantum Phenomena

e Tunneling Effect: Emerges from the non-zero probability of metric
fluctuations through potential barriers.
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e Wave Function Collapse: Reinterpreted as the rapid stabilization
of a specific metric configuration during measurement.

e Spin and Quantum Statistics: Emerge from the rotational proper-
ties of the metric configurations associated with particles.

States of Matter and Metric Fluctuations

¢ Quantum Vacuum: State of low-amplitude, high-frequency metric
fluctuations in dynamic equilibrium.

¢ Elementary Particles: Amplified and stabilized metric fluctuations
in specific configurations.

e Condensed States:

— Solid: Highly ordered and correlated metric fluctuations.
— Liquid: Fluctuations with short-range correlations.

— Gas: Largely independent fluctuations.
e Macroscopic Quantum States:

— Bose-FEinstein Condensate: Coherent metric fluctuations on a macro-
scopic scale.

— Superconductor: Metric fluctuations coupled with the electromag-
netic field in a coherent manner.

Implications for Quantum Gravity

e VMUT offers a natural framework for unifying quantum mechanics
with gravity, both emerging from the properties of the variable metric.

e Quantum fluctuations of the metric at the Planck scale could provide
insights into the discrete nature of space and time.

e Potential resolution of the measurement problem in quantum mechanics
through the interaction between metric fluctuations and macroscopic
configurations.

28.7.5 Dark Energy and Dark Matter

VMUT offers a new perspective on the phenomena of dark energy and dark
matter, reinterpreting them as manifestations of the variable metric structure
of space.
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Dark Energy

In VMUT, dark energy emerges as an intrinsic property of the spatial metric
on large scales:

foe(t) = eforvon (264)

where Hj is the current Hubble constant and €2, is the normalized dark
energy density.

This formulation suggests that the accelerated expansion of the universe
is not due to a mysterious form of energy but is a natural consequence of the
evolution of the cosmic metric structure.

Dark Matter

VMUT reinterprets the effects attributed to dark matter as consequences of
metric variations on galactic and cluster scales:

Fou(r) =1+ alog <ﬁ> (265)

To

where « is a parameter that quantifies the deviation from the standard
metric and 7 is a characteristic length scale.

This formulation can explain flat galactic rotation curves without intro-
ducing dark matter particles:

GM(r) ac?
2 —
vi(r) = " + 5

where M (r) is the visible mass within radius 7.

(266)

Implications and Predictions

This reinterpretation of dark energy and dark matter in VMUT has several
implications:

e Unification: Dark energy and dark matter emerge as different aspects
of the same underlying metric structure.

e Cosmic Evolution: VMUT predicts possible temporal variations in
the apparent properties of dark energy and dark matter.

e Spatial Distribution: The theory suggests a correlation between the
distribution of visible matter and the metric variations associated with
”dark matter.”
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e Observational Tests: VMUT proposes new tests based on subtle de-
viations from the predictions of standard Lambda-CDM models, par-
ticularly in strong-field regimes or on very large scales.

28.7.6 Black Holes and Singularities
Metric Structure of Black Holes in VMUT

In VMUT, black holes are reinterpreted as regions of space with an extremely
complex and dynamic metric structure, rather than as singularities of space-
time.

e The ”Black Star” and the Event Horizon: In VMUT, a black
hole is conceived as a ”black star” with a real physical surface located
within the traditional event horizon. The metric scale function for this
region can be expressed as:

(1—”75)71/2 r>r,
f(r) =< fonax re <1 <7y (267)
fine(7) r<r,

where r, is the Schwarzschild radius, r, is the radius of the black star’s
surface, fiq. 1S the maximum value of metric dilation, and f;,;(r) de-
scribes the internal metric structure.

e Zones of Rapid Metric Transition: The region between the event
horizon and the black star’s surface is characterized by an extremely
steep metric gradient:

mar 1
Vi)~ Jmar — 1 for r, <r <, (268)

Ts — Ty

This zone of rapid transition is responsible for many of the unique
phenomena associated with black holes in VMUT.

e The Internal Planck Bubble: At the center of the black star, VMUT
postulates the existence of a ” Planck bubble,” a region where the metric
reaches its maximum contraction limit:

Ip\?
fPlanck = (_) (269)

rp

where [p is the Planck length and rp is the radius of the Planck bubble.
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Internal Dynamics and Fundamental Implications

The unique metric structure of black holes in VMUT has profound implica-
tions for their internal dynamics and fundamental questions in physics.

e Metric Confusion and Energy Accumulation: The rapid metric
variation in the transition zone creates a "metric misunderstanding,”
where the inner surface appears larger than the outer surface. This
leads to an accumulation of energy and turbulence at the event horizon,
described by the metric congestion factor:

Aapparent
xX=—-———1 270
Aactual ( )
e Resolution of the Information Paradox: VMUT suggests that
information is not lost in black holes but "redistributed” within the
enormously dilated internal volume:

]total - ]emternal + ]internal = constant (271)

e Hawking Radiation in the Transition Zone: Hawking radiation is
reinterpreted as a phenomenon occurring primarily in the metric tran-
sition zone, where quantum fluctuations can interact with the strong
metric gradient.

Predictions and Comparison with Other Theories

VMUT offers unique predictions that are distinguishable from other theories
on black holes.

e Unique Observable Signatures of VMUT: The theory predicts
possible oscillations in the metric near the event horizon, potentially
detectable through subtle modifications in gravitational wave signals
from black hole mergers.

e VMUT vs. Classical General Relativity: While VMUT repro-
duces many results of General Relativity at large distances from the
black hole, it predicts significant deviations near and within the event
horizon, particularly the absence of a central singularity.

e Implications for Gravitational Waves: VMUT suggests possi-
ble "echoes” in gravitational waves due to the complex metric struc-
ture near the event horizon, potentially observable with future high-
sensitivity gravitational wave detectors.
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29 Fundamental Relationship between Space,
Matter, and Energy

29.1 Unifying Principle

VMUT proposes a fundamental unifying principle that reconceptualizes the
relationship between space, matter, and energy:

Principle 29.1 (Metric Unification). Space, matter, and energy are differ-
ent manifestations of a single fundamental entity: the variable metric of
FEuclidean space.

This principle is articulated in the following key points:

e Space as Substrate: Three-dimensional Euclidean space forms the
fundamental substrate of the universe.

e Variable Metric: The essential property of this space is its variable
metric, described by the scale function f(r,t).

e Matter as Metric Configuration: Matter emerges as specific and
localized configurations of the spatial metric.

e Energy as Metric Variation: Energy manifests as the degree and
rate of variation of the metric in space and time.

e Fundamental Interactions: All physical interactions, including grav-
ity, are reinterpreted as consequences of variations in the spatial metric.

Mathematically, this principle can be expressed through the fundamental
equation of VMUT:

2
VT b af(VI 4608 = nof? (272

where «, (3, and k are constants, and p represents the energy-matter
density.

29.2 Space as the Fundamental Substrate

In VMUT, space assumes a fundamental and unique role:
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29.2.1 Underlying Euclidean Space

VMUT postulates a three-dimensional Euclidean space as the fundamental
substrate of the universe:

e Euclidean Geometry: Space maintains the properties of Euclidean
geometry.

e Three-Dimensionality: VMUT operates in three spatial dimensions.

e Continuity: Space is considered continuous at the macroscopic level,
while allowing for the possibility of a discrete structure at the Planck
scale.

29.2.2 Variable Metric as a Dynamic Property of Space

The distinctive feature of this Euclidean space is its variable metric:

e Metric Scale Function: Mathematically described by the function
f(x,t).

e Dynamism: The metric evolves dynamically in response to the pres-
ence of matter and energy and their interactions.

e Fundamental Equation: The evolution of the metric is governed by
the aforementioned equation.

e Origin of Physical Phenomena: All physical phenomena emerge as
consequences of variations in this metric.

29.3 Matter as a Metric Configuration

In VMUT, matter takes on a profoundly new meaning, being reinterpreted
as a specific manifestation of the variable metric of space.

Definition 29.1 (Matter in VMUT). Matter is defined as a localized and
relatively stable metric configuration in space, characterized by a significant
local variation of the metric scale function.

Key Characteristics:

e Localization: Matter corresponds to spatial regions where the metric
varies significantly compared to the surrounding space.
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e Relative Stability: These metric configurations maintain some co-
herence over time, while still being able to evolve or interact.

e Metric Gradient: The presence of matter is associated with strong
gradients in the metric scale function.

e Natural Quantization: Elementary particles emerge as quantized
metric configurations at very small scales.
29.3.1 Fundamental Equation for the Metric Configuration of Mat-

ter

The metric configuration that defines matter can be mathematically de-
scribed through a fundamental equation:

fmatter(r> =1 + 1467‘1“71"0‘2/(72 (273)
where:
® fiater(r) is the metric scale function associated with matter

e Aisthe amplitude of the metric variation, correlated with the mass/energy
of the particle

e 1, is the central position of the matter configuration

e o is a parameter that determines the spatial extent of the configuration

29.3.2 Implications and Consequences

This conception of matter has several fundamental implications:

1. Unification of Matter and Space: Eliminates the sharp distinction
between matter and empty space, seeing them as aspects of a single
geometric entity.

2. Origin of Mass: Mass emerges as a measure of the intensity of the
metric variation:

m o /(Vf)ngr (274)

3. Fundamental Interactions: Interactions between particles are rein-
terpreted as interactions between metric configurations.

4. Natural Quantization: The discrete nature of particles emerges nat-
urally from the properties of stable metric configurations.
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5. New Perspective on Antimatter: Antimatter could be seen as an
"inverse” metric configuration:

fantimatter =2 fmatter (275)

29.4 Enmnergy as Intensity of Metric Variation

In VMUT, energy assumes a fundamental role, being reinterpreted as a direct
manifestation of the intensity of variation in the spatial metric.

Definition 29.2 (Energy in VMUT). Energy is defined as the measure of
the intensity and rate of change of the spatial metric, quantified through the
gradient and time derivative of the metric scale function.

Key characteristics of energy in VMUT:

e Spatial Gradient: Potential energy is associated with the spatial
gradient of the metric.

e Temporal Variation: Kinetic energy is related to the rate of temporal
change of the metric.

e Energy Density: Represents the local concentration of metric varia-
tions.

e Energy Flow: Corresponds to the propagation of metric variations in
space and time.
29.4.1 Fundamental Equation Linking Energy and Metric Varia-
tion

The relationship between energy and metric variation can be expressed through
a fundamental equation:

E =k /(Vf)2d3r + k:Q/ (%{)2 d*r (276)

e F is the total energy

where:

e f(r,t) is the metric scale function

k1 and ko are proportionality constants

The first term represents potential energy (spatial variations)

The second term represents kinetic energy (temporal variations)
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29.4.2 Implications and Consequences

This conception of energy has several fundamental implications:

1.

Unification of Energy and Space: Energy is no longer seen as a
separate entity but as an intrinsic property of spatial geometry.

. Energy Conservation: Emerges naturally from the conservation of

the geometric properties of space.

Mass-Energy Equivalence: The equation £ = mc? finds a new
geometric interpretation:

me® = k / (Vf)2dr (277)

. Fundamental Fields: Physical fields (electromagnetic, nuclear, etc.)

are reinterpreted as different modes of metric variation.

. Waves and Particles: The wave-particle duality emerges from the

dynamic nature of metric variations.

. Gravity and Energy: The gravitational field is seen as a manifes-

tation of large-scale metric gradients, naturally unifying gravity and
energy.

29.5 Interconversion Between Matter and Energy

In VMUT, the interconversion between matter and energy takes on a deeply
geometric meaning, based on the transformations of metric configurations in
space.

29.5.1 Mechanism of Transformation Between Metric Configura-

tions (Matter) and Metric Variations (Energy)

VMUT proposes a unified mechanism to describe the transformation between
matter and energy:

e Matter to Energy: The dissolution of a localized metric configuration

(matter) into distributed metric variations (energy).

e Energy to Matter: The concentration of diffuse metric variations

into localized and stable metric configurations.
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This process can be described mathematically as:

fmatter(r) — vfene’/‘gy(r7 t) (278)

where fyquer () represents the metric configuration of matter and V fepergy (T, t)
the gradient of the metric associated with energy.

29.5.2 Reinterpretation of the Equation E = mc? in Metric Terms

Einstein’s famous equation £ = mc? finds a new geometric interpretation in

VMUT:

/(VfE)Qd?’r =2 /(fM —1)%d®*r (279)
where:

e The left side represents energy as the integral of the square of the metric
gradient.

e The right side represents mass as the integral of the square of the
deviation of the metric from unity.

e ¢? acts as a conversion factor between the two metric representations.

This formulation highlights that mass and energy are essentially different
measures of the same underlying metric reality.

29.5.3 Interconversion Processes

VMUT offers new interpretations for various matter-energy interconversion
processes:

1. Particle-Antiparticle Annihilation:

fparticle + (2 - fparticle) — ZVfenergy (280)

2. Pair Production:
1
ernergy — §[fparticle + (2 - fparticle)] (281)

3. Radioactive Decay: Gradual transformation of complex metric con-
figurations into simpler ones and energy.

4. Nuclear Fusion: Combination of metric configurations into more
complex structures, releasing excess energy as metric variations.
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29.6 Implications for Gravity

VMUT offers a revolutionary perspective on gravity, reinterpreting it as a
natural consequence of large-scale metric variations and conceptually unify-
ing gravitational and inertial mass.

29.6.1 Gravity as a Natural Consequence of Large-Scale Metric
Variations

In VMUT, gravity is not a fundamental force but emerges from the geometric
properties of space:

e Gravitational Field: Interpreted as the gradient of the metric scale
function on large scales.

e Gravitational Field Equation:

V2 e+ afe(Vfy)? = rpf] (282)

where f, is the gravitational metric scale function, p is the mass-energy
density, and « and k are constants.

e Gravitational Motion: The trajectories of bodies under the influence
of gravity follow the gradient of the metric:
d*r

o —c*Vlog f, (283)

This formulation reproduces the effects of general relativity in the weak-
field limit but offers new perspectives for strong-field regimes.
29.6.2 Conceptual Unification of Gravitational and Inertial Mass

VMUT provides a natural explanation for the equivalence between gravita-
tional and inertial mass:

e Inertial Mass: Emerges as a measure of the resistance of a metric
configuration to deformation.

e Gravitational Mass: Represents the intensity with which a metric
configuration influences the surrounding metric.

e Equivalence Principle: Derives naturally from the fact that both
masses are manifestations of the same metric structure.
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Mathematically, this unification can be expressed as:

m; =m, = k/(f —1)*dr (284)

where k is a proportionality constant and f is the metric scale function
associated with the particle or object.

29.6.3 Implications and New Perspectives

This view of gravity in VMUT has profound implications:

1. Resolution of Singularities: Gravitational singularities could be
avoided through the concept of the ” Planck bubble” as a limit to metric
contraction.

2. Gravitational Waves: Reinterpreted as propagating perturbations
in the spatial metric:

fo(r,t) =1+ hyi(t—r/c)es + hy(t —r/c)ex (285)

3. Gravitational Field Energy: Well-defined as the energy associated
with metric variations:

4

E,= 8; = / (V f,)2dr (286)

4. Quantum Gravity: Emerges naturally as the quantization of metric
fluctuations at small scales.

5. Cosmology: The expansion of the universe can be seen as a global
dilation of the spatial metric.

29.7 Natural Quantization

VMUT offers a unique perspective on quantization, suggesting that the dis-
crete nature of quantum phenomena emerges naturally from the fundamental
properties of the variable metric.
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29.7.1 Emergent Discreteness from Fundamental Properties of
the Variable Metric

In VMUT, quantization is not a separate postulate but a direct consequence
of the metric structure of space:

e Planck Bubble: The theory postulates the existence of a fundamental
minimum scale, the "Planck bubble,” below which the metric cannot

contract further: )
l
Frin = (—P) (287)

r

where [p is the Planck length.

e Stable Metric Configurations: Elementary particles emerge as sta-
ble metric configurations that satisfy specific resonance conditions:

fo.dlznh (288)

where n is an integer and h is Planck’s constant.

e Discrete Energy Spectrum: Emerges naturally from the stability
conditions of metric configurations:

E,=k / (Vfo)?dPr (289)
where f, are the stable metric configurations.

29.7.2 Connection with Principles of Quantum Mechanics

VMUT offers a geometric reinterpretation of the fundamental principles of
quantum mechanics:

1. Heisenberg’s Uncertainty Principle: Emerges from the intrinsic
limitations in the measurability of metric variations at small scales:

AxAp > g +— AfAVf) >k (290)

2. Wave-Particle Duality: Reflects the dual nature of metric config-
urations, which can manifest as localized (particles) or propagating
(waves):

fparticle/wave =1+ ACOS(k T Wt)e_r2/2a2 (291)
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3. Quantum Superposition: Interpreted as the superposition of metric
configurations:

f=ah+caf (292)

where f; and f, are distinct metric configurations.

4. Quantum Entanglement: Emerges as nonlocal correlations in the
metric structure:

fentangtea(t1,2) = f1(r1) fa(r2) + f2(r1) f1(r2) (293)

5. Wave Function Collapse: Reinterpreted as the rapid stabilization of
a specific metric configuration during interaction with the environment.

29.7.3 Implications and New Perspectives

This view of natural quantization in VMUT has profound implications:

e Unification of Classical and Quantum Physics: The transition
between classical and quantum behavior emerges naturally from the
scale of metric variations.

e Resolution of Quantum Paradoxes: Offers new interpretations
for paradoxes like Schrodinger’s cat, based on the geometric nature
of quantum configurations.

e Quantum Gravity: Provides a natural framework for the quantiza-
tion of gravity, unifying quantum mechanics and general relativity at
the geometric level.

e New Interpretation of the Quantum Vacuum: Vacuum fluctua-
tions emerge as fundamental metric fluctuations at the Planck scale.

29.8 Conservation and Symmetries

VMUT offers an innovative perspective on the conservation laws and funda-
mental symmetries of physics, deriving them from the intrinsic properties of
the variable metric.
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29.8.1 Conservation Laws as Consequences of the Properties of
the Variable Metric

In VMUT, conservation laws are not independent postulates but emerge
naturally from the geometric properties of space:

1. Energy Conservation: Derives from the invariance of the overall
metric structure under temporal translations:

% (Vf)d*r =0 (294)

2. Momentum Conservation: Emerges from the invariance of the met-
ric under spatial translations:

% / IVFdr =0 (295)

3. Angular Momentum Conservation: Results from the invariance of
the metric under rotations:

% rx (fVf)d*r=0 (296)

4. Charge Conservation: Interpreted as the conservation of certain
topological properties of metric configurations:

%]{va dS =0 (297)

29.8.2 Fundamental Symmetries Emerging from the Metric Struc-
ture

The fundamental symmetries of physics are reinterpreted as invariant prop-
erties of the metric structure:

e Lorentz Invariance: Emerges from the structure of the metric at

large scales:
ds® = f*(dx® + dy* + dz*) — 2dt? (298)

e Gauge Symmetries: Interpreted as transformations that preserve
certain properties of metric configurations:

f(r) =U)f(r)U'(r) (299)

where U(r) is a local gauge transformation.
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e Supersymmetry: Potentially emerges as a symmetry between differ-
ent classes of metric configurations:

fSUSY = fboson + foermion (300)
where 6 is a Grassmann parameter.

e CPT Symmetry: Reflects the invariance of the metric structure un-
der combined spatial, temporal, and charge inversions:

fCPT(r’ t) = f<_r’ _t>* (301)

29.8.3 Noether’s Theorem in VMUT

Noether’s theorem, which connects symmetries and conservation laws, finds
a new geometric interpretation:

Theorem 29.1 (Metric Noether’s Theorem). To every continuous symmetry
of the variable metric, there corresponds a conserved quantity, expressed as
an integral of a function of the metric variations and their gradients.

Mathematically:
§55=0 = %/Q[f, Vfld*r =0 (302)

where S is the action of the system and Q is the density of the conserved
quantity.

29.9 Cosmological Implications

VMUT offers an innovative perspective on cosmology, reinterpreting the evo-
lution of the universe in terms of variations in the spatial metric on a cosmic
scale.

29.9.1 Expansion of the Universe

In VMUT, the expansion of the universe is seen as a global and progressive
dilation of the spatial metric:

Jeosm (t) = a(t) (303)

where a(t) is the traditional cosmic scale factor. This formulation con-
ceptually unifies cosmic expansion with the fundamental metric structure of
the theory.
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29.9.2 Cosmic Evolution Equations

The equations governing cosmic evolution in VMUT take a form similar to
the Friedmann equations, but with a new interpretation:

. 2
fcosm G k?Cz Aeffc2
= — 4
(fcosm 30 3 0
fcosm 4rG Aeffc2
= — 3 —_— 305
I 5 (p+3p)+—3 (305)

where p is the energy density, p is the pressure, k is the curvature pa-
rameter, and A,y is an effective term emerging from the properties of the
variable metric.

29.9.3 Cosmological Redshift

Cosmological redshift naturally emerges from the metric dilation between the
emission and reception of light:

_ fcosm (tobs)
fcosm (tem)
This formulation provides a direct geometric interpretation of redshift.

1+ 2 (306)

29.9.4 Cosmological Horizon

VMUT reinterprets the cosmological horizon as the distance beyond which
metric dilation exceeds a critical value:

t dt/

This definition offers a new perspective on cosmic causality and the hori-
zon problem.
29.9.5 Cosmic Inflation

Cosmic inflation is interpreted as a period of rapid metric dilation in the
early universe:

feosm(t) o< et (308)

where H is the Hubble parameter during inflation. This view could offer
new insights into the inflationary mechanism and its consequences.
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29.9.6 Dark Energy and Dark Matter

VMUT proposes alternative interpretations for these enigmatic phenomena:

e Dark Energy: Could emerge as an intrinsic property of the metric
on cosmological scales, eliminating the need for a mysterious form of
energy.

e Dark Matter: Could be reinterpreted as effects of metric variations
on galactic and cluster scales.

29.9.7 Formation of Cosmic Structures

The growth of cosmic structures in VMUT is driven by local variations in
the metric:

Fstruct (1) = feosm(t)[1 + 0(r, 1)] (309)

where 0(r, t) represents the density fluctuations.

29.10 Introduction to the Concept of Completed Met-
ric

VMUT is based on the fundamental principle that space, matter, and energy
are manifestations of a variable metric in an underlying Euclidean space.
To accurately describe the wide range of physical phenomena observed in
the universe, from the subatomic to the cosmological scale, we introduce the
concept of the ”Completed Metric.”

The Completed Metric extends the basic VMUT formulation, f(r) =1+
QCGQ]TV , by introducing additional terms that capture more subtle and specific
effects for different scales and physical regimes.

29.10.1 General Form of the Completed Metric

The general form of the Completed Metric can be expressed as:

2GM

f(r797¢at) =1+ r + Zai¢i(r797¢7 t) (310)

c2

where:

o 22M is the base term of VMUT

C

e «; are coefficients that determine the strength of each additional effect
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e ¢;(r,0,¢,t) are functions that describe specific effects at different scales
or in different physical regimes

29.11 Completed Metric at the Planetary Scale

The planetary scale offers a starting point to explore the application of the
Completed Metric, presenting a variety of celestial bodies with diverse char-
acteristics that influence the metric structure of the surrounding space.
29.11.1 Rocky vs. Gaseous Planets

For rocky planets, the completed metric can be expressed as:

4
frocky (1) =1+ 2G0T + (E) (311)

c2r r

where R is the radius of the planet and « is a coefficient that depends on
the internal mass distribution.
For gaseous planets, the metric takes on a more complex form:

2 3
fgaseous(r) = 1+ 26M + (g) + (g) cos 6 (312)

c2r
The additional term in cos# accounts for the characteristic flattening of
gaseous planets.

29.11.2 Effects of Rotation and Flattening

Planetary rotation introduces further modifications to the metric:

frotation (Tv 9) = fbase(r) + w27°2 SiIl2 9 (313)

where w is the angular velocity of the planet.

29.11.3 Implications for Planetary Gravitational Fields

The introduction of the Completed Metric at the planetary scale has impor-
tant implications for understanding planetary gravitational fields:

1. Gravitational Anomalies: Local variations in the metric can ex-
plain the gravitational anomalies observed on various planets, without
resorting to complex internal mass distributions.
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2. Orbital Precession: The Completed Metric provides a natural ex-
planation for the precession of satellite orbits, including the famous
precession of Mercury’s perihelion:

6rGM 7 R?
Ap=———- _— 14
¢ 2a(l — e?) * (50(@2(1 —e?) (314)

where da is a corrective term derived from the Completed Metric.

3. Tidal Effects: The completed metric allows for a more accurate de-
scription of tidal effects, incorporating both gravitational and rota-
tional effects:

Jride(r,0) = foase(r) + € (?) Py(cos ) (315)

where P, is the second-order Legendre polynomial and € is a tidal co-
efficient.

These implications not only improve our understanding of planetary sys-
tems but also offer new opportunities to test VMUT through precision mea-
surements in our solar system and beyond.

29.12 GGalactic Applications

Extending the Completed Metric to the galactic scale, new insights emerge
into the structure and dynamics of galaxies.

29.12.1 Mass Distribution in Galaxies

For a typical galaxy, the Completed Metric can be expressed as:

2GM(r)

fear(r,2) =1+ a2, + avexp(—r/rq) sech?(z/z) (316)

where M (r) is the mass enclosed within radius r, r4 is the galactic disk

scale, zg is the scale height, and « is a parameter that quantifies the strength
of the disk effect.
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29.12.2 Rotation Curves and Dark Matter: A New Perspective

The Completed Metric offers a new perspective on the problem of galactic
rotation curves, traditionally attributed to the presence of dark matter:

v (r) = Q%CQ (317)

This formulation produces rotation curves that remain flat at large dis-
tances without requiring additional dark matter:

GM  ac’r
== g exp(—r/ra) (318)

The second term, derived from the Completed Metric, provides the nec-
essary contribution to maintain high rotation velocities in the outer regions
of galaxies.

vi(r)

29.12.3 Galactic Interactions and Mergers

The Completed Metric allows for more accurate modeling of galactic inter-
actions:

fint(r) = faan (v — 1) + frai2(r —12) — 14+ BV faai1 - V faai2 (319)

where r; and ro are the positions of the interacting galaxies, and [ is a
parameter that quantifies the strength of the interaction.
This approach offers new insights into galactic merger processes and the
formation of structures like bridges and tidal tails:
d*r

i —*Vn fin (1) (320)

29.13 Completed Metric at the Microscopic Level
Extending VMUT to the microscopic realm, the Completed Metric offers a
new perspective on atomic and subatomic physics.

29.13.1 Atomic Structure and Electron Orbitals

At the atomic level, the Completed Metric can be expressed as:

2G]\4IIL1C eus
Jatom(r) = 1+ Trl + aexp(—r/ap) (321)
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where ag is the Bohr radius and « is a parameter that quantifies the effect
of the electron charge distribution.
The modified Schrodinger equation in this context becomes:

h? g B
—%V ’ (fatomvw) + V;?ffw = Ew (322)

where V.¢ is an effective potential that incorporates the effects of the
modified metric.
29.13.2 Nuclear and Subatomic Interactions

At the nuclear and subatomic level, the Completed Metric takes on a more
complex form:

2GMnucleus exp\—r/r
a2, + Bexp(—r?/rg) + ’Y%

fawa(r) =1+ (323)

where 7y and r; are characteristic lengths associated with the strong and
weak interactions, respectively, and [ and v are coupling parameters.
This formulation offers a new perspective on nuclear interactions:

e Strong Force: The quadratic exponential term models the confine-
ment of quarks.

e Weak Force: The exponential term with 1/r decay describes the lim-
ited range of the weak interaction.
29.13.3 Towards a New Interpretation of Quantum Mechanics

The Completed Metric at the microscopic level suggests a geometric reinter-
pretation of fundamental quantum concepts:

1. Uncertainty Principle: Emerges naturally from fluctuations in the
metric at small scales:

Aep > Do) (324

2. Quantum Entanglement: Can be interpreted as a nonlocal correla-
tion in the metric structure:

fent(rla I'2> = fnucl(r1>fnucl(r2) + 5eXp(_|r1 - I'2|2/lz) (325)

where [, is a characteristic correlation length.
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3. Quantum Superposition: Interpreted as the coexistence of multiple
metric configurations:

fsup = Zczfz (326)

]

where ¢; are complex coefficients and f; are different metric configura-
tions.

29.14 Cosmological Scale and the Completed Metric

The application of the Completed Metric on a cosmological scale offers new
perspectives on the evolution and structure of the universe as a whole.

29.14.1 Expansion of the Universe and the Cosmological Constant

At the cosmological scale, the Completed Metric can be expressed as:

2 2
fcosmo(ta T) - a(t) |:1 + A_CT’Q + BﬂTQ In (L):| (327)
3 C2 TH
where a(t) is the cosmic scale factor, A is the cosmological constant, H,
is the current Hubble constant, ry = ¢/Hy is the Hubble radius, and 3 is a
dimensionless parameter.
This formulation leads to a modified version of the Friedmann equation:

. 2
A 2 2
(a) _ G A R (3) (328)

3 3 a? ao

The additional logarithmic term offers a possible explanation for the accel-
erated expansion of the universe without requiring dark energy as a separate
entity.

a

29.14.2 Large-Scale Structure and Cluster Formation

The Completed Metric influences the formation of large-scale structures:

fstruct (t’ r) = fCOSmO(t7 T) [1 + 5(1.7 t)] (329)

where 0(r, ) represents the density fluctuations. The evolution of these
fluctuations is governed by a modified equation:

0+ 2H6 — 4nGpod = V210 furuct (330)
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This formulation offers new insights into the formation of galaxy clusters
and cosmic filaments.
29.14.3 Implications for Dark Energy

The Completed Metric suggests a reinterpretation of dark energy as an emer-
gent property of the metric structure of the universe:

3 Ac? 9 a
PDE — % (T + BH() In (a—0)> (331)

This formulation could explain the seemingly constant nature of the ob-
served dark energy while allowing for variations on cosmological scales.

29.15 Unification of Scales: From Particles to the Uni-
verse

The Completed Metric offers a unified framework to describe physical phe-
nomena across all scales, from the subatomic to the cosmological.

29.15.1 Principles of Transition Between Scales

The transition between different scales can be described through a principle
of "nesting” of metrics:

ftotal(r; t) = fcosmo(ta 7“) : fgal(r - rg) : fstellar(r - rs) . fatom(r - ra) (332)

where r,, r;, and r, are the positions of the galaxy, star, and atom,
respectively.
The transition between scales is governed by smoothing functions:

ftransition (T) - 1+(fscale1 _1) eXp(_TQ/l§)+(fscale2_1) (1—eXp(—T2/th)) (333)

where [; is a characteristic transition length.

29.15.2 Coherence and Consistency Between Different Scales

Coherence between scales is ensured by generalized conservation principles:

Vu(FT) =0 (334)
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where T" is a generalized energy-momentum tensor that includes con-
tributions from all scales.
Consistency is ensured by scaling relations that connect parameters at

different scales:
l Vi

Ip

where [p is the Planck length and ~; are characteristic scaling exponents.

29.15.3 Towards a Geometric Theory of Everything

The Completed Metric offers a path towards a theory of everything based on
geometric principles:

1. Unification of Forces: All fundamental forces emerge as different
aspects of the same metric structure.

2. Natural Quantization: The discreteness of space and time emerges
naturally from the properties of the metric at the Planck scale.

3. Emergence of Time: The flow of time is a consequence of variations
in the spatial metric.

4. Holographic Principle: The information contained in a volume can
be encoded on its metric surface:

kBC 2
= ]{f dA (336)

where S is the entropy associated with the volume.

29.16 Theoretical and Experimental Challenges

29.16.1 Determination of the Parameters of the Completed Met-
ric

One of the main challenges is the precise determination of the parameters
that appear in the various forms of the Completed Metric:

Proposed methods for determining these parameters include:

e Analysis of high-precision astrophysical data
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e Laboratory experiments at quantum scales
e Numerical simulations of complex systems

e Theoretical constraints based on consistency principles

29.16.2 Experimental and Observational Proposals

To test the unique predictions of the Completed Metric, the following exper-
iments and observations are proposed:

1. Precision Tests of the Equivalence Principle:
A g (E 2 (338)
a Ep

where Aa is the difference in acceleration between two test bodies and
Ep is the Planck energy.

2. Search for Anisotropies in the Speed of Light:

A a (%”)2 (339)

where [ is the length scale of the experiment.

3. Precision Measurements of Galactic Rotation Curves:

v (r) = GTM + pc? (L> e~/ (340)

Td

4. Cosmological Observations at High Redshift:

H(z) = HypfQuu(1+2)° + Q0+ Q1+ 22+ Qsn(1+2) (341

where (13 is a new cosmological parameter derived from the Completed
Metric.

29.16.3 Philosophical and Conceptual Implications

The adoption of the Completed Metric as a foundation of physics raises
profound philosophical questions:

e Nature of Reality: Is physical reality purely geometrical?
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e Determinism: Does the discrete nature of the metric at the Planck
scale imply a fundamentally probabilistic universe?

e Unity of Physics: Can we truly unify all physical phenomena under
a single geometric principle?

e Limits of Knowledge: Are there aspects of the Completed Metric
that are inherently unknowable?

29.17 Conclusions and Future Prospects

29.17.1 Summary of Key Results

1. Multi-Scale Unification: The Completed Metric provides a consis-
tent description of physical phenomena from the subatomic to the cos-
mological level.

2. Geometric Reinterpretation: Fundamental concepts such as en-
ergy, mass, and forces are reinterpreted as manifestations of a variable
metric structure.

3. Resolution of Paradoxes: Offers new perspectives on long-standing
problems such as the nature of dark matter, dark energy, and the uni-
fication of quantum gravity.

4. Testable Predictions: The theory proposes a series of experiments
and observations that could confirm or falsify its unique predictions.

29.17.2 Directions for Future Research

The most promising directions for the future development of VMUT include:

e Mathematical Refinement: Development of a more rigorous math-
ematical formalism for the Completed Metric, possibly incorporating
advanced techniques from differential geometry and group theory.

e Numerical Simulations: Implementation of high-resolution simula-
tions to test the theory’s predictions in complex scenarios, from particle
collisions to cosmological evolution.

e Interface with Other Theories: Exploration of the connections be-
tween VMUT and other advanced theories like string theory, loop quan-
tum gravity, and black hole thermodynamics.
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e Interdisciplinary Applications: Investigation of the potential ap-
plications of the Completed Metric in related fields such as quantum
information theory, computational cosmology, and condensed matter
physics.

29.17.3 Potential Impact on Fundamental Physics

The success of VMUT could revolutionize our understanding of fundamental
physics:

e Geometric Paradigm: Shift towards a purely geometric view of phys-
ical reality.

e Unification of Forces: Possible resolution of the long-standing con-
flict between quantum mechanics and general relativity.

e New Cosmology: Radical rethinking of cosmic evolution and the
large-scale structure of the universe.

e Emerging Technologies: Potential applications in fields such as quan-
tum computing, advanced space propulsion, and manipulation of vac-
uum energy.

In conclusion, while numerous challenges remain to be overcome, the
Variable Metric Unified Theory and the concept of the Completed Metric
offer a bold and potentially transformative vision of fundamental physics.
Its future development promises not only to deepen our understanding of
the universe but also to open new frontiers in scientific and technological
exploration.

ORCID: 0009-0006-1912-9826 - Giuseppe Di Lucca - CC BY-NC-SA 4.0



Variable Metric Unified Theory 194

Part V

Summary and Comparison with
Other Theories

30 Relationship with Einstein’s Postulates

30.1 Reinterpretation of Fundamental Principles

The Variable Metric Unified Theory (VMUT) offers a profound reinterpreta-
tion of the fundamental principles postulated by Einstein, maintaining their
essence but framing them in a new geometric context.

30.1.1 Principle of Relativity

In VMUT, the principle of relativity takes on a new form:

¢ Einstein’s Classical Formulation: The laws of physics are the same
in all inertial reference frames.

e VMUT Reinterpretation: The laws of physics are invariant with re-
spect to local variations of the spatial metric, as long as these variations
are continuous and differentiable.

This reinterpretation extends the concept of relativity beyond inertial ref-
erence frames, including regions with different metric configurations. VMUT
postulates that:

LIfi(@)] = L] fa(x)] (342)

where £ represents the physical laws and f;(z), fo(z) are different metric
scaling functions.

30.1.2 Invariance of the Speed of Light

VMUT reinterprets this fundamental principle in terms of the metric prop-
erties of space:

e Einstein’s Postulate: The speed of light in a vacuum is constant in
all inertial reference frames.
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e VMUT Vision: The speed of light emerges as an intrinsic property of
the metric structure of space, independent of the specific configuration
of the rescaled metric.

Mathematically, in VMUT, the speed of light ¢ is defined as:

L f)Ax
C—Alggo At

where f(z) is the local metric scaling function. This formulation ensures
that ¢ remains invariant regardless of the specific form of f(x).

(343)

30.1.3 Mass-Energy Equivalence

The famous equation E = mc? finds a new geometric interpretation in
VMUT:

e Einstein’s Interpretation: Mass and energy are equivalent and in-
terchangeable.

e VMUT Reinterpretation: Mass and energy are manifestations of
specific configurations of the spatial metric.

In VMUT, mass-energy equivalence is expressed as:

E= /V (Vf)2dV (344)

where V' is the volume of the region considered and f is the metric scaling
function.
30.1.4 Implications and Advantages

This reinterpretation of Einstein’s fundamental principles in VMUT offers
several advantages:

1. Conceptual Unification: It provides a unified framework for under-
standing relativity, gravity, and quantum mechanics.

2. Resolution of Paradoxes: It offers new perspectives on problems
such as quantum non-locality and information in black holes.

3. Natural Extension: It allows for a natural extension of relativistic
principles to more complex scenarios and extreme regimes.
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4. Geometric Foundation: It roots the fundamental principles of physics
in an intuitive and mathematically rigorous geometric structure.

In conclusion, VMUT does not deny Einstein’s fundamental principles
but reinterprets and extends them in a broader geometric context, offering a
unified and potentially deeper vision of the fundamental nature of physical
reality.

30.2 Extension of Einsteinian Concepts

The Variable Metric Unified Theory (VMUT) not only reinterprets Einstein’s
fundamental principles but extends and generalizes them in significant ways,
opening new perspectives on the nature of space, time, and gravity.

30.2.1 Generalization of the Concept of Space and Time

e Einsteinian Concept: Space and time unified into a four-dimensional
continuum.

e VMUT Extension: Three-dimensional Euclidean space with a dy-
namically rescalable metric, where time emerges as a manifestation of
metric variations.

ds® = f(z,t)*(d2* + dy? + d2°) — c*dt? (345)

This formulation maintains the fundamental structure of Einsteinian
spacetime but introduces much greater flexibility through the scale
function f(z,t).

30.2.2 Extension of the Equivalence Principle

e Einstein’s Principle: Local equivalence between gravity and accel-
eration.

e VMUT Generalization: Equivalence between all physical phenom-
ena and variations in the spatial metric.

Physical Phenomenon = V f(z, t) (346)

This extension unifies not only gravity and acceleration but potentially
all fundamental forces as manifestations of metric variations.
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30.2.3 Broadening the Concept of Curvature

Einstein’s Vision: Curvature of spacetime as a manifestation of grav-
ity.

VMUT Extension: Variations in the metric scale as the source of all
gravitational and non-gravitational phenomena.

1
R, — 5ng = V2f +af(Vf)? =kT (347)

Where the left-hand equation is Einstein’s field equation and the right-
hand equation is its VMU generalization.

30.2.4 Generalization of Geodesics

Einsteinian Concept: Particles follow geodesics in curved spacetime.

VMUT Extension: Particle trajectories are determined by variations
in the metric scale.

A2t dx? dx” d’r
H =0 — = —?V1 348
g gy gy V7 ge = ¢ Vless (348)

This VMUT formulation generalizes the concept of geodesics to a con-
text of Euclidean space with a variable metric.

30.2.5 Extension of the Concept of Gravitational Waves

Einstein’s Theory: Gravitational waves as perturbations in the cur-
vature of spacetime.

VMUT Generalization: Gravitational waves as the propagation of
variations in the metric scale.

flz,t) =1+ hy(t—r/c)es + hy(t —r/c)ex (349)

Where h, and hy represent the two polarizations of the gravitational
wave.
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30.2.6 Implications and Advantages of the Extension
The extension of Einsteinian concepts in VMUT offers several advantages:

1. Deeper Unification: Potential to unify all physical phenomena under
the concept of metric variations.

2. Resolution of Paradoxes: New perspectives on problems such as
black hole singularities or the nature of the Big Bang.

3. Bridge to Quantum Physics: The discrete nature of metric varia-
tions at small scales could provide a natural link to quantum phenom-
ena.

4. Conceptual Simplicity: Maintains the simplicity of a basic Eu-
clidean space while incorporating the richness of relativistic phenom-
ena.

5. Predictive Potential: Opens the possibility of predicting new phys-
ical phenomena based on complex metric configurations.

In conclusion, VMUT significantly extends and generalizes the fundamen-
tal concepts introduced by Einstein, maintaining their essence but broaden-
ing their scope and implications. This extension promises to provide a more
complete and unified theoretical framework for understanding the physical
universe.

31 Summary of Key Differences with Einstein’s
Relativity

31.1 Conception of Space and Time
The Variable Metric Unified Theory (VMUT) and Einstein’s General Rela-

tivity (GR) present fundamentally different views of space and time, while
maintaining some points of contact. This section explores the key differences
in their conceptions.

31.1.1 Dimensionality and Basic Structure

e General Relativity:

— Unified four-dimensional spacetime.
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— Dynamic metric: ds® = g, dz"dz”

— Time as an intrinsic fourth dimension.
e VMUT:

— Three-dimensional Euclidean space with a rescalable metric.
— Metric: ds? = f(x,t)*(dz? + dy? + dz?) — *dt?

— Time as a parameter emerging from metric variations.

31.1.2 Nature of Curvature

e General Relativity:

— Intrinsic curvature of spacetime.

— Riemann curvature tensor: Rj ;
e VMUT:

— Variations in the metric scale of a Euclidean space.
— Effective curvature: R = —6f3V2f

31.1.3 Relationship Between Space and Time
e General Relativity:

— Space and time are intrinsically unified.

— Mixing of spatial and temporal coordinates under Lorentz trans-
formations.

e VMUT:

— Space and time are conceptually distinct.

— Time as a manifestation of spatial metric variations: dt o df /f

31.1.4 Causality and Light Structure

e General Relativity:

— Light cones defined by the spacetime metric.

— Causality determined by the structure of the spacetime contin-
uum.
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e VMUT:

— Light propagation governed by variations in the spatial metric.

— Causality emerging from the properties of the rescalable metric.

31.1.5 Invariance and Symmetries
e General Relativity:

— Invariance under spacetime diffeomorphisms.

— Local Lorentz symmetries.
e VMUT:

— Invariance under transformations of the rescalable metric.

— Local Euclidean symmetries with rescaling.

31.1.6 Implications for Quantum Physics
e General Relativity:

— Difficulties in integration with quantum mechanics.

— Problem of time in quantum gravity.
e VMUT:

— Natural potential for integration with quantum concepts.

— Quantum fluctuations as small-scale metric variations.

31.1.7 Philosophical Considerations
e General Relativity:

— Worldview based on a unified spacetime continuum.

— Emphasis on geometry as the basis of physical reality.
e VMUT:

— Return to a separate conception of space and time, but with a
dynamic relationship.

— Emphasis on the variable metric as the foundation of physical
phenomena.
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In conclusion, while both GR and VMUT recognize the fundamental im-
portance of geometry in physics, their conceptions of space and time differ
significantly. VMUT offers a perspective that, while maintaining many of
the successes of GR, promises to resolve some of its difficulties and provide
a natural bridge to quantum physics. This different conception of space and
time has profound implications for our understanding of the fundamental
nature of physical reality.

31.2 Nature of Gravity

The Variable Metric Unified Theory (VMUT) and Einstein’s General Rela-
tivity (GR) offer profoundly different interpretations of the nature of gravity,
while maintaining some points of convergence in their observable effects. This
section highlights the key differences in their conceptions of gravity.

31.2.1 Fundamental Principle
e General Relativity:
— Gravity is a manifestation of the curvature of spacetime.
— Einstein’s field equation: G, = 8:—4GTW
e VMUT:

— Gravity emerges from variations in the metric scale of Euclidean
space.

— VMUT field equation: V2f + af(Vf)? = kpf?

31.2.2 Mechanism of Action

e General Relativity:

— Matter and energy curve spacetime; curved spacetime tells matter
how to move.

— Gravitational motion follows geodesics in curved spacetime.
e VMUT:

— Matter and energy induce variations in the metric scale of space.

— Gravitational motion is guided by gradients in the metric scale
function: a = —c?Vlog f
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31.2.3 Propagation of Gravitational Effects
e General Relativity:

— Gravitational waves as perturbations in the curvature of space-
time.

— Propagation speed: ¢ (speed of light)
e VMUT:

— Gravitational waves as the propagation of variations in the metric
scale.

— Propagation speed: ¢y = ¢/ f, dependent on the local metric scale.

31.2.4 Gravitational Energy
e General Relativity:

— Problematic concept; no well-defined energy-momentum tensor
exists for the gravitational field.

— Gravitational energy-momentum pseudotensor.
e VMUT:

— Well-defined gravitational energy as the energy associated with
metric variations.

— Gravitational energy density: p, = %(V f)?

31.2.5 Weak Field and Newtonian Limit

e General Relativity:

— Weak field approximation: g,, = 7, + hy.

— Newtonian potential: ¢ = —%hoo
e VMUT:

— Weak field approximation: f a1+ ¢

— Newtonian potential: ® = c%log f ~ c?¢
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31.2.6 Gravitational Singularities
e General Relativity:

— Singularities as points of infinite curvature in spacetime.

— Penrose-Hawking singularity theorems.
e VMUT:

— Regions of extreme metric dilation, potentially avoiding mathe-
matical singularities.

— Concept of "Planck bubble” as a physical limit to metric contrac-
tion.
31.2.7 Unification with Other Forces
e General Relativity:

— Difficulty in unification with quantum field theories.

— Approaches like string theory require extra dimensions.
e VMUT:

— Natural potential for unification, interpreting all forces as metric
variations.

— Possibility of incorporating quantum effects through small-scale
metric fluctuations.

31.2.8 Cosmological Implications

e General Relativity:

— Cosmological models based on solutions of Einstein’s equations

(e.g., Lambda-CDM model).

— Need for concepts like dark energy to explain accelerated expan-
sion.

e VMUT:

— Cosmic expansion as a global dilation of the metric scale.

— Potential to explain phenomena like dark energy through proper-
ties of the variable metric on a large scale.
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In conclusion, while both GR and VMUT successfully describe observed
gravitational effects, their fundamental interpretations of the nature of grav-
ity differ significantly. VMUT offers a perspective that could resolve some of
the conceptual difficulties of GR, such as the nature of gravitational energy
and singularities, while maintaining its geometric elegance. Furthermore, the
VMUT approach promises a more natural potential for unification with other
fundamental forces and with quantum mechanics, opening new avenues for
research in fundamental physics.

31.3 Approach to Curvature

The Variable Metric Unified Theory (VMUT) and Einstein’s General Rel-
ativity (GR) present fundamentally different approaches to the concept of
curvature, while aiming to describe the same gravitational phenomena. This
section explores the key differences in their treatments of curvature.

31.3.1 Fundamental Definition of Curvature

e General Relativity:

— Intrinsic curvature of four-dimensional spacetime.
— Described by the Riemann tensor: Rj ;
— Field equation: R, — %Rgm, = 8ZT—LLC’VT“,,
e VMUT:
— Variations in the metric scale of a three-dimensional Euclidean
space.

— Described by the metric scale function: f(z,t)
— Field equation: V2f + af(Vf)* = kpf?

31.3.2 Geometric Nature of Curvature

e General Relativity:

— Curvature as an intrinsic property of the spacetime manifold.

— Deviation of geodesics as a manifestation of curvature.

D2 «
E2 - Rg'yéuﬁg'yua

— Geodesic deviation equation: =

e VMUT:
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— 7 Effective curvature” emerging from variations in the metric scale.
— Deviation of trajectories due to gradients in the scale function.
— Equation of motion: % = —c*Vlog f
31.3.3 Relationship with Mass-Energy Distribution
e General Relativity:
— Curvature directly linked to the energy-momentum tensor.

__ 8nG
*G,uu_ ﬂ'4 T;w

C

e VMUT:
— Metric variations generated by the mass-energy distribution.

— V2f = kpf? —af(Vf)?

31.3.4 Observable Effects of Curvature

e General Relativity:

— Light deflection: § = 4GM

c%b
— Perihelion precession: A¢ = Ci’;fj‘é)
— Shapiro time delay: At = 4%‘4 In(4mr2)

e VMUT:
— Light deflection: § = [ Vlog f - dl

— Perihelion precession: derived from variations of f(r) along the
orbit

— Shapiro time delay: At = [(f(r) —1)%

31.3.5 Treatment of Singularities
e General Relativity:
— Singularities as points of infinite curvature.

— Penrose-Hawking singularity theorems.

— Conceptual problems with physics at singularities.

e VMUT:
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— Avoids mathematical singularities through the concept of ” Planck
bubble”.

— Physical limit to metric contraction: foi, = (Ip/7)?

— Potential resolution of the singularity problem.

31.3.6 Implications for Quantum Gravity
e General Relativity:

— Difficulty in quantizing the curvature of spacetime.

— Problems with renormalization in quantum gravity.
e VMUT:

— Natural quantization of metric variations.
— Quantum fluctuations as metric variations at the Planck scale.

— Potential bridge between classical gravity and quantum phenom-
ena.

31.3.7 Computational and Numerical Approach
e General Relativity:

— Numerical solution of Einstein’s equations.

— High computational complexity for non-symmetric systems.
e VMUT:

— Solution of differential equations for f(x,t).

— Potential computational simplification for certain classes of prob-
lems.

In conclusion, while GR treats curvature as an intrinsic property of four-
dimensional spacetime, VMUT reinterprets the effects of curvature as con-
sequences of variations in the metric scale of a three-dimensional Euclidean
space. This alternative approach to curvature offers potential advantages
in resolving problems such as singularities and the quantization of gravity,
while maintaining the ability to accurately describe observed gravitational
phenomena. VMUT thus proposes a vision of curvature that could more
naturally unify gravity with other aspects of fundamental physics.
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32 Comparison with Other Unified Theories

32.1 VMUT and String Theory

The Variable Metric Unified Theory (VMUT) and String Theory represent
two profoundly different approaches to the problem of unification in physics.
This comparison explores their fundamental differences, respective strengths,
and limitations.

32.1.1 Fundamental Concepts

e String Theory:
— Fundamental particles as vibrational modes of one-dimensional
strings.
— Requires 10 or 11 spacetime dimensions.

— Introduces concepts like supersymmetry and compactified dimen-
sions.

e VMUT:
— Physical phenomena as manifestations of variations in the spatial
metric.
— Operates in a three-dimensional space with a variable metric.

— Based on concepts of extended Euclidean geometry.

32.1.2 Approach to Unification
e String Theory:
— Unifies all particles and forces as different manifestations of vi-
brating strings.
— Gravity emerging from the geometry of extra dimensions.

— Seeks to unify quantum gravity with other fundamental interac-
tions.

e VMUT:

— Unifies physical phenomena through variations in the spatial met-
ric.

— Gravity as a direct consequence of metric variations.
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— Proposes a natural unification between gravitational and quantum
effects.

32.1.3 Treatment of Space-Time
e String Theory:

— Spacetime as a multidimensional ”brane”.

— Extra dimensions compactified to explain our observable 4D uni-
verse.

— Time treated as a dimension similar to spatial ones.
e VMUT:

— Three-dimensional Euclidean space with a variable metric.
— Time emerging from spatial metric variations.

— Does not require extra dimensions.

32.1.4 Strengths
e String Theory:
— Potential for a mathematically elegant theory of everything.

— Naturally incorporates quantum gravity.

— Offers explanations for phenomena like black hole entropy.
e VMUT:

— Relative conceptual and mathematical simplicity.
— Does not require exotic concepts like extra dimensions.

— Potential to explain quantum and gravitational phenomena in a
single framework.
32.1.5 Limitations
e String Theory:

— Lack of experimentally verifiable predictions.
— Extreme mathematical complexity.

— "Landscape” problem: multiple possible solutions.
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e VMUT:

— Relatively new theory, requires further mathematical development.
— Needs more experimental verification of its unique predictions.

— Potential challenges in incorporating all aspects of the Standard
Model.
32.1.6 Cosmological Implications
e String Theory:
— Brane-world models and brane collision scenarios.

— Potential explanation for cosmic inflation.

— Concept of multiverse emerging from the string landscape.
e VMUT:

— Cosmic expansion as a global dilation of the metric.
— Potential alternative explanation for dark energy and dark matter.

— Possible reinterpretation of the Big Bang and inflation.

32.1.7 Approach to Quantum Gravity
e String Theory:
— Gravitons as closed vibrational modes of strings.

— Naturally resolves some divergences of quantum gravity.

— Predicts the existence of quantum states of gravity.
e VMUT:

— Quantum effects emerging from small-scale metric fluctuations.
— Potential natural resolution of the renormalization problem.

— Proposes a unified view of quantum and gravitational effects.
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32.1.8 Future Prospects

e String Theory:
— Search for experimental evidence, possibly at extremely high en-
ergy scales.

— Development of applications in condensed matter physics and quan-
tum computing.

— Exploration of connections with other theories through dualities.
e VMUT:

— Development of testable predictions at accessible energy scales.

— Refinement of the mathematical formalism and extension to more
complex scenarios.

— Exploration of implications in astrophysics and observational cos-
mology.

In conclusion, while String Theory offers an ambitious and mathemati-
cally sophisticated approach to unification, VMUT proposes an alternative
path based on more intuitive concepts and potentially more accessible to
experimental verification. Both theories face significant challenges but offer
unique perspectives for understanding the fundamental phenomena of the
universe. The future development and experimental tests of both theories
will be crucial in determining their role in fundamental physics in the 21st
century.

32.2 VMUT and Loop Quantum Gravity

The Variable Metric Unified Theory (VMUT) and Loop Quantum Gravity
(LQG) represent two distinct approaches to quantum gravity, each with its
own unique characteristics. This section analyzes the similarities and differ-
ences in their fundamental concepts.

32.2.1 Fundamental Concepts
e Loop Quantum Gravity:
— Quantized spacetime composed of spin networks and spin foams.

— Quantization of geometry through area and volume operators.

— Background-independent approach to quantum gravity.
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e VMUT:
— Three-dimensional Fuclidean space with a quantized variable met-
ric.

— Quantum phenomena emerging from small-scale metric fluctua-
tions.

— Unification of gravitational and quantum effects through the vari-
able metric.

32.2.2 Treatment of Spacetime
e Loop Quantum Gravity:
— Spacetime emerging from discrete structures at the Planck scale.

— Absence of a continuous spacetime at the fundamental level.

— Time treated as a dynamic quantum variable.
e VMUT:

— Space fundamentally continuous but with a discretized variable
metric.

— Time emerging from variations in the spatial metric.

— Maintaining a basic Euclidean spatial structure.

32.2.3 Approach to Quantization

e Loop Quantum Gravity:

— Direct quantization of connection and triad variables.
— Use of loop algebra to construct quantum states of geometry.

— Wheeler-DeWitt equation reformulated in terms of spin networks.
e VMUT:

— Quantization of the metric scale function f(x,t).

— Quantum fluctuations as variations of the metric at the Planck
scale.

— Quantum field equation for the variable metric.
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32.2.4 Treatment of Singularities
e Loop Quantum Gravity:
— Resolution of singularities through quantum gravity effects.

— Big Bounce instead of the singular Big Bang.

— Avoidance of singularity in black holes through quantum effects.
e VMUT:

— Singularities avoided through the concept of ”Planck bubble”.
— Big Bang as a state of minimal metric dilation.

— Black holes as regions of extreme metric dilation without a central
singularity.
32.2.5 Relationship with General Relativity
e Loop Quantum Gravity:
— Seeks to directly quantize General Relativity.

— Recovers GR in the low energy/large scale limit.

— Maintains the diffeomorphism invariance of GR.
e VMUT:

— Reinterprets GR in terms of metric variations in a Euclidean space.
— Reproduces the effects of GR through the variable metric.

— Maintains a basic Euclidean structure with modified symmetries.

32.2.6 Predictions and Verifiability
e Loop Quantum Gravity:

— Predicts quantum effects of gravity at the Planck scale.

— Possible signatures in cosmic microwave background radiation and
primordial black holes.

— Challenges in direct experimental verification due to extreme en-
ergy scales.

e VMUT:

— Predicts observable effects of metric variations at various scales.
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— Potential tests through precision experiments in particle physics
and cosmology.

— Possibility of verification at more accessible energy scales.

32.2.7 Unification with Other Forces

e Loop Quantum Gravity:

— Primarily focused on the quantization of gravity.

— Some attempts to incorporate other interactions (e.g., colored spin
foam models).

— Challenges in complete unification with the Standard Model.
e VMUT:

— Proposes a natural unification of all forces as metric variations.

— Potential to incorporate the Standard Model into the variable met-
ric framework.

— Offers a unified view of gravitational and quantum phenomena.

32.2.8 Cosmological Implications
e Loop Quantum Gravity:
— Loop quantum cosmology: cyclic universe! with Big Bounce.

— Potential resolution of the inflation problem.

— Predictions for primordial fluctuations in the early universe.
e VMUT:
— Cosmic expansion as a global dilation of the metric.

— New interpretation of dark energy and dark matter.

— Potential alternative explanation for cosmic inflation.

LA cyclic universe is a cosmological model in which the universe goes through an in-
finite series of expansion and contraction cycles. In some models, such as loop quantum
cosmology, the universe ”bounces” from a state of contraction to one of expansion through
a Big Bounce, thus avoiding the singularity of the Big Bang. VMUT could offer a new

framework for exploring cyclic universe models based on the dynamics of the variable
metric.
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In conclusion, while both LQG and VMUT seek to address the problem
of quantum gravity, they do so with fundamentally different approaches.
LQG directly quantizes the structure of spacetime, while VMUT maintains
a continuous space but introduces a quantized variable metric. Both theories
offer interesting perspectives for solving fundamental problems in physics,
such as singularities and the unification of forces. Their further development
and comparison with experimental data will be crucial in determining their
validity and applicability in describing the quantum universe.

32.3 VMUT and Other Approaches to Quantum Grav-
ity

The Variable Metric Unified Theory (VMUT) is part of a rich landscape of
emerging theories seeking to unify gravity with quantum mechanics. This
section offers a comparison with some of the most promising and innovative
approaches in the field of quantum gravity.

32.3.1 VMUT and Causal Dynamical Triangulations

e Causal Dynamical Triangulations (CDT):

— Proposed by Jan Ambjgrn, Jerzy Jurkiewicz, and Renate Loll.

— Discretizes spacetime into simplices, maintaining a causal struc-
ture.

— Utilizes Monte Carlo methods to explore the sum over Feynman
paths.
e Comparison with VMUT:
— CDT: explicit discretization of spacetime; VMUT': continuous space
with discrete metric.
— Both aim to recover classical spacetime at large scales.

— VMUT could incorporate CDT ideas to model quantum metric
fluctuations.
32.3.2 VMUT and Non-Commutative Geometry
e Non-Commutative Geometry (NCG):

— Developed by Alain Connes and others.

— Replaces spacetime coordinates with non-commutative operators.
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— Offers a framework for unifying gravity with gauge interactions.
e Comparison with VMUT:

— Both modify the fundamental nature of spacetime.

— VMUT: metric variations in commutative space; NCG: intrinsic
non-commutative structure.

— VMUT could incorporate non-commutative aspects in Planck-
scale metric fluctuations.

32.3.3 VMUT and Causal Set Theory

e Causal Set Theory:

— Proposed by Rafael Sorkin and collaborators.
— Based on partially ordered sets of spacetime events.

— Causal structure emerges from fundamental quantum processes.
e Comparison with VMUT:
— Both theories seek to derive spacetime from more fundamental

structures.

— VMUT maintains a continuous space, while Causal Set Theory is
intrinsically discrete.

— VMUT: causality emerging from metric variations; Causal Set
Theory: causality as a primitive concept.

32.3.4 VMUT and Asymptotically Safe Gravity

e Asymptotically Safe Gravity (ASG):
— Proposed by Steven Weinberg and developed by Martin Reuter
and others.

— Suggests that gravity becomes non-interacting at high energies
(asymptotic safety).

— Utilizes renormalization group methods to study the UV behavior
of gravity.
e Comparison with VMUT:

— Both seek to resolve the renormalization problem in quantum
gravity.
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— VMUT: through the variable metric structure; ASG: through UV
fixed points.

— Potential complementarity: VMUT could provide a mechanism
for asymptotic safety.

32.3.5 VMUT and Entropic Quantum Gravity
e Entropic Quantum Gravity (EQG):

— Proposed by Ted Jacobson and developed by Erik Verlinde.

— Derives gravity from thermodynamic principles and the entropy
of information.

— Suggests that gravity is an emergent, not fundamental, force.
e Comparison with VMUT:

— Both consider gravity as emergent, but from different mechanisms.

— VMUT: from the variable metric; EQG: from thermodynamic
principles.

— Potential synthesis: interpreting VMUT metric variations in en-
tropic terms.

32.3.6 VMUT and Twistor Theory

e Twistor Theory:

— Developed by Roger Penrose.

— Represents spacetime events as objects in a complex space (twistor).

— Offers a new perspective on the structure of spacetime and fun-
damental interactions.

e Comparison with VMUT:

— Both propose a radical reformulation of spacetime structure.

— VMUT: through metric variations; Twistor: through complex ge-
ometry.

— Potential integration: interpreting VMUT metric variations in
terms of twistor structures.
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32.3.7 Final Considerations

The landscape of quantum gravity is rich and diverse, with each approach
offering unique perspectives on the fundamental problems of physics. VMUT
stands out for its approach based on the variable metric in a Euclidean space,
offering a potentially more intuitive and mathematically accessible path to
quantum gravity.

Key points of VMUT in the broader context:

e Maintains a continuous spatial structure, facilitating the connection
with classical physics.

e Offers a natural path to unify gravity and quantum mechanics.

e Potentially more accessible to experimental verification than some more
abstract approaches.

e Flexible in incorporating ideas from other theories, such as discretiza-
tion or thermodynamic principles.

The future evolution of quantum gravity may see a convergence or syn-
thesis of these different approaches, with VMUT potentially playing a signif-
icant role in providing an intuitive and mathematically tractable framework
for this unification.

33 Implications for the Standard Model

33.1 Reinterpretation of Fundamental Particles

The Variable Metric Unified Theory (VMUT) offers a radically new perspec-
tive on the nature of fundamental particles, reinterpreting them as specific
manifestations of metric configurations in space. This section explores the
implications of this view for our understanding of the elementary particles of

the Standard Model.

33.1.1 Fundamental Concept

In VMUT, elementary particles are not point-like entities or vibrating strings
but specific and localized configurations of the spatial metric:

Foarticle(r) = 1 4 Ae~r—rol/o? (350)
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where A is the amplitude of the metric variation, rq is the central position
of the particle, and ¢ is a parameter that determines the spatial extent of
the configuration.

33.1.2 Mass and Energy

The mass of a particle emerges from the ”quantity” of metric variation:

m o /(Vf)2d3r (351)

This formulation offers a new interpretation of Einstein’s mass-energy
equivalence, £ = mc?, as a measure of the intensity of the metric deforma-
tion.

33.1.3 Spin and Quantum Statistics

The concept of spin could emerge from the rotational properties of the metric
configurations:

e Bosons: Metric configurations invariant under rotations of 2.

e Fermions: Configurations that change sign under rotations of 2m, re-
quiring a rotation of 47 to return to the initial state.

This approach could provide a geometric explanation of the spin-statistics
theorem.

33.1.4 Charges and Quantum Numbers

Fundamental charges (electric, color, etc.) could be reinterpreted as topo-
logical properties of the metric configurations:

e Electric charge: Could correspond to a specific twist in the metric
configuration.

e Color charge: Could emerge from more complex metric structures
with SU(3) symmetry.
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33.1.5 Leptons and Quarks

The distinction between leptons and quarks could arise from the nature of
their metric configurations:

e Leptons: "Simple” and isolated metric configurations.

e Quarks: Metric configurations that can only exist in bound states
(confinement).

33.1.6 Vector Bosons

The vector bosons of the Standard Model could be reinterpreted as specific
oscillation modes of the metric:

e Photons: Transverse oscillations of the metric propagating at the
speed of light.

e W and Z bosons: Metric oscillations with mass, corresponding to
"heavier” deformations.

e Gluons: Metric oscillations with a color structure, confined to limited
regions.

33.1.7 Higgs Boson

The Higgs boson could be seen as a special metric configuration that perme-
ates space:

frtiges(r) = 1+ 0% + A(¢T¢p — 0?)? (352)

where v is the vacuum expectation value and ¢ is the Higgs field.

33.1.8 Particle Generations

The three generations of particles could correspond to "harmonics” or excited
states of the basic metric configurations:

fa(®) =14 A Hy(|r — 1ol /o) T/ (353)

where H,, are the Hermite polynomials and n = 1,2, 3 corresponds to the
three generations.
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33.1.9 Fundamental Interactions

Interactions between particles would naturally emerge from the interaction
between their metric configurations:

e Electromagnetic force: Overlapping of metric configurations with
U(1) symmetry.

e Weak force: Interactions between metric configurations with SU(2)
Symmetry.

e Strong force: Complex interactions between metric configurations

with SU(3) symmetry.

33.1.10 Implications for Particle Physics

This reinterpretation of fundamental particles in VMUT has several impor-
tant implications:

1. Natural unification: All particles and forces emerge from a single
concept: the variable metric.

2. Resolution of divergences: The extended nature of particles could
naturally regularize ultraviolet divergences.

3. New predictions: New particles or exotic states based on complex
metric configurations could emerge.

4. Quantum gravity: Offers a natural bridge between particle physics
and quantum gravity.

5. Origin of mass: Provides a geometric explanation for the origin of
mass, potentially complementary to the Higgs mechanism.

33.1.11 Challenges and Future Directions

While this reinterpretation offers exciting prospects, there are also significant
challenges:

e Developing a rigorous mathematical formalism to describe these metric
configurations.

e Precisely deriving the properties of known particles from this approach.
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e Reconciling this view with the predictive successes of the Standard
Model.

e Proposing experiments to test the unique predictions of this interpre-
tation.

In conclusion, VMUT offers a profoundly new vision of fundamental par-
ticles, reinterpreting them as manifestations of an underlying geometric re-
ality. This perspective promises to unify our understanding of particles and
forces in a coherent framework, potentially resolving some of the persistent
mysteries in particle physics and opening new avenues for theoretical and
experimental exploration.

33.1.12 Unification of Fundamental Forces

The Variable Metric Unified Theory (VMUT) offers a promising approach
for the unification of fundamental forces, including gravity, within a single
coherent framework. This section explores the potential of VMUT to achieve
this long-sought unification.

33.1.13 Fundamental Principle of Unification

In VMUT, all fundamental forces are seen as manifestations of variations in
the spatial metric:

fforce(r7 t) =1+ Z &i¢i<r7 t) (354)

where ¢; represent the fields associated with the different forces and «;
are coupling constants.

33.1.14 Gravity

Gravity naturally emerges as the macroscopic manifestation of large-scale
metric variations:

2GM

c2r

fg<r) =1+

This formulation reproduces Newton’s law of gravitation in the weak-field
limit and naturally extends to the strong-field regimes of general relativity.

(355)
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33.1.15 Electromagnetic Force

Electromagnetism can be reinterpreted as a particular mode of metric vari-
ation:

fem(r,t) =14+ apy(E? — 2B*) + Beu(E - B) (356)

where E and B are the electric and magnetic fields. Maxwell’s equations
emerge as consequences of the field equations for this metric.

33.1.16 Strong Nuclear Force

The strong force can be modeled as metric variations with a more complex
tensor structure:

fstrong(r) - 51’]’ + Qg Z )‘Z‘Ga<r> (357)

where \}; are the generators of the SU(3) group and G are the gluon
fields.

33.1.17 Weak Nuclear Force

The weak force can be represented by metric variations that violate parity:

1
fweak(rt) =1+ oy (WFTW ™ + 5ZOZO) (358)

where W= and Z° are the fields of the weak force vector bosons.

33.1.18 Electroweak Unification

VMUT can naturally incorporate electroweak unification through a combined
metric:

wa(I', t) = 1 + OéEw(B“B“ + W:LLWCLH) (359)
where B, and W are the U(1) and SU(2) gauge fields, respectively.

33.1.19 Grand Unification

VMUT offers a framework for Grand Unification, representing all non-gravitational
forces as metric variations with SU(5) or SO(10) symmetry:

fGUT(r7 t) =1 + aquT Z X;?XA“ (360)
A
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where X /f‘ are the gauge fields of the grand unification group.

33.1.20 Unification with Gravity

VMUT provides a natural mechanism to unify all forces, including gravity,
through a generalized metric:

funiﬁed(r7 t) = fg : fGUT (361)

This formulation conceptually unifies gravity with the other fundamental

forces, treating them all as different aspects of the same underlying metric
structure.

33.1.21 Planck Scale and Unification

In VMUT, the Planck scale emerges as the fundamental scale where all metric
variations become of the same order of magnitude:

hG
lp=1/— ~1.6x10% m (362)
C

At this scale, all forces are expected to unify into a single metric descrip-
tion.

33.1.22 Implications for High-Energy Physics
The unified approach of VMUT has several important implications:

1. Resolution of the hierarchy problem: The apparent difference
between the electroweak scale and the Planck scale could be explained
through the hierarchical structure of metric variations.

2. New particles: The theory predicts the existence of new particles
corresponding to high-energy metric oscillation modes.

3. Proton decay: VMUT could provide new predictions on proton sta-
bility and possible decay modes.

4. Neutrino masses: The small mass of neutrinos could naturally emerge
from the fine structure of metric variations.
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33.1.23 Experimental Verifiability

VMUT offers several opportunities for experimental tests of its unified vision:

e Search for subtle deviations from Standard Model predictions at high
energies.

e Precision experiments to test possible violations of Lorentz invariance.
e Search for signatures of quantum gravity in cosmological observations.

e Experiments to probe the structure of space and time at scales close to
the Planck length.

33.1.24 Challenges and Future Directions

While the unified approach of VMUT is promising, there are still significant
challenges to be addressed:

e Developing a complete mathematical formalism that describes all forces
in terms of metric variations.

e Solving the renormalization problem in a unified geometric context.

e Reconciling the unified vision of VMUT with the predictive successes
of the Standard Model and General Relativity.

e Proposing crucial experiments that can distinguish VMUT from other
grand unification theories.

In conclusion, VMUT offers a unique and promising perspective for the
unification of fundamental forces, including gravity. By reinterpreting all
forces as manifestations of an underlying variable metric structure, the the-
ory provides an elegant conceptual framework for the unified understand-
ing of nature. Although there are still many challenges to overcome, this
approach opens new and exciting possibilities for research in fundamental
physics, promising to bring us closer to the long-sought ”theory of every-
thing.”
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34 Conclusions and Future Perspectives

34.1 Potential Impact on Fundamental Physics

The Variable Metric Unified Theory (VMUT), based on Euclidean Geometry
with Rescaled Metric Regions (EGRMR), presents a revolutionary potential
for fundamental physics:

1. Conceptual Unification: EGRMR offers a unified framework for
describing gravity, quantum mechanics, and other fundamental inter-
actions, potentially resolving the long search for a theory of everything.

2. Resolution of Paradoxes: The model proposes new perspectives on
long-standing problems such as the black hole information paradox,
the nature of singularities, and the measurement problem in quantum
mechanics.

3. Reinterpretation of Space and Time: The view of space as Eu-
clidean with a rescaled metric challenges the conventional notion of
curved spacetime, offering new insight into the fundamental nature of
reality.

4. Bridge Between Relativity and Quantum Mechanics: EGRMR
provides a common language for describing relativistic and quantum
phenomena, potentially paving the way for a coherent theory of quan-
tum gravity.

5. New Light on Dark Energy and Dark Matter: The model offers
alternative interpretations for these enigmatic cosmological phenom-
ena, based on the properties of the rescaled metric.

6. Revision of the Concepts of Energy and Matter: EGRMR pro-
poses a unified view of energy, matter, and geometry, potentially revo-
lutionizing our understanding of these fundamental concepts.

34.2 Final Conclusion

The Variable Metric Unified Theory and its foundation in Euclidean Geom-
etry with Rescaled Metric Regions represent a bold and innovative approach
to fundamental physics. While many challenges remain to be addressed and
questions to be answered, the potential of this theory to unify and simplify
our understanding of the universe is immense.
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EGRMR not only offers new solutions to long-standing problems but also
opens new avenues of inquiry and raises fundamental questions about the na-
ture of physical reality. Its future development promises to be a fertile and
exciting field of research, with the potential to revolutionize our understand-
ing of the cosmos and our place within it.

As we continue to explore and refine this theory, we remain open to the
surprises and wonders that the universe has yet to offer, guided by the light
of scientific curiosity and the power of mathematical intuition.

34.3 Directions for Further Research

The Variable Metric Unified Theory (VMUT) and Euclidean Geometry with
Rescaled Metric Regions (EGRMR) open numerous and promising directions
for future research:

Mathematical Development

e Explore more general formulations of the metric scale function f(x,t),
including non-linear forms and complex functional dependencies.

e Investigate the possibility of incorporating more advanced algebraic
structures, such as Clifford algebras or Lie groups, into the description
of the rescaled metric.

e Develop a tensor calculus specifically adapted to EGRMR, which can
naturally handle variations in the metric scale.

Numerical Simulations and Computational Modeling

e Implement high-resolution simulations of cosmological scenarios based
on EGRMR, including models of large-scale structure formation and
galactic evolution.

e Develop ray-tracing algorithms to model light propagation in regions
with variable metric, with applications in gravitational lensing and ob-
servational cosmology.

e Create detailed numerical models of black holes in EGRMR, exploring
the structure of the event horizon and internal dynamics.

Precision Experiments and Observations

e Design quantum interferometry experiments to test the predictions of
EGRMR on the discrete nature of space at microscopic scales.
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e Propose modifications to existing quantum gravity experiments (such
as LIGO for gravitational waves) to search for specific signatures of
EGRMR.

e Develop new observational methods in cosmology to detect possible
large-scale variations in the spatial metric.

Advanced Cosmological Applications

e Formulate an inflationary model based on EGRMR, which can explain
the homogeneity and isotropy of the early universe.

e Investigate how EGRMR can provide an alternative explanation for
dark energy and the accelerated expansion of the universe.

e Explore the implications of the theory for the nature of cosmological
singularities, including the Big Bang and the possible ultimate fate of
the universe.

Unification of Fundamental Forces

e Develop a framework that unifies gravity with the other fundamental
forces within EGRMR, potentially reinterpreting interactions as differ-
ent manifestations of the rescaled metric.

e Investigate how the gauge symmetries of the Standard Model can nat-
urally emerge from the geometric structure of EGRMR.

e Explore possible connections between EGRMR, and other unification
theories, such as string theory or loop quantum gravity.

Implications for Particle Physics

e Re-examine the hierarchy problem and the nature of particle mass in
the context of the rescaled metric.

e Investigate how EGRMR can provide new insights into the nature of
neutrinos and their oscillation.

e Explore possible predictions of the theory for new particles or exotic
phenomena at high energies.
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Foundations of Quantum Mechanics

e Develop a complete interpretation of quantum mechanics based on
EGRMR, potentially resolving paradoxes such as the measurement
problem.

e Investigate how quantum entanglement can be reinterpreted in terms
of non-local metric connections.

e Explore the possibility of deriving the postulates of quantum mechanics
from the fundamental principles of EGRMR.

Philosophical and Foundational Implications

e Analyze the implications of EGRMR for the concepts of space, time,
and causality.

e Explore how the theory might influence our understanding of deter-
minism, free will, and the nature of reality.

e Investigate the possible consequences of EGRMR for the anthropic
principle and the existence of multiverses.

Interdisciplinary Applications

e Explore potential applications of EGRMR in fields such as theoretical
biology, computational neuroscience, or quantum information theory.

e Investigate how the concepts of rescaled metric can be applied to com-
plex systems in economics or social sciences.

e Develop new mathematical tools inspired by EGRMR for the analysis
of complex networks and dynamical systems.

These research directions represent only the beginning of a vast field of
exploration opened by VMUT and EGRMR. As the theory continues to de-
velop, new and unexpected areas of inquiry may emerge, promising to further
enrich our understanding of the universe and its fundamental principles.

34.4 Towards a Theory of Everything?

The Variable Metric Unified Theory (VMUT) and its foundation in Euclidean
Geometry with Rescaled Metric Regions (EGRMR) represent a bold step to-
wards creating a solid basis for a theory of everything. While we acknowledge
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that the path towards a complete and unified understanding of the universe
is long and complex, we believe that VMUT offers a unique and promising
perspective.

The characteristics that make VMUT a potential candidate for a theory
of everything include:

e Its ability to conceptually unify gravity and quantum mechanics in a
single geometric framework.

e The reinterpretation of fundamental forces as manifestations of varia-
tions in the spatial metric.

e Its potential applicability on scales ranging from the subatomic level
to the large-scale structure of the universe.

e [ts mathematical elegance and basic conceptual simplicity, in line with

Occam’s razor?.

e Its ability to offer new perspectives on long-standing problems in fun-
damental physics.

However, we recognize that much work remains to be done. The path to
a true theory of everything will require:

Further theoretical developments and mathematical refinements.

Rigorous experimental verification of the theory’s unique predictions.

Full integration with well-established existing theories.

Exploration of its implications in related fields, from cosmology to par-
ticle physics.

While VMUT lays the groundwork for a unified approach to fundamen-
tal physics, we remain humbly aware of the vastness and complexity of the
universe we seek to understand. Our work represents one step in an ongoing
journey of discovery and understanding, inviting the scientific community to
explore, critique, and further develop these ideas.

2Qccam’s razor, also known as the law of parsimony, is a methodological principle
that suggests preferring the simplest explanation among those that equally explain a phe-
nomenon. In other words, all other things being equal, the simplest hypothesis is the one
to be preferred. In the context of VMUT, this principle can be invoked to justify the
choice of a three-dimensional Euclidean space with a variable metric as the basis of the
theory, rather than a four-dimensional curved spacetime.
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The search for a theory of everything remains one of the noblest and most
ambitious goals of science. Whether VMU'T will prove to be a significant step
towards this goal, only time and rigorous scientific scrutiny can tell. In the
meantime, we will continue to push the boundaries of our understanding,
guided by curiosity and the aspiration to unravel the deepest mysteries of
the universe.

35 Future Prospects

While the Variable Metric Unified Theory (VMUT) is primarily a theoretical
model, it offers some intriguing prospects for future experimental verification
and theoretical developments.

35.1 Potential Experimental Tests

Modifications to the Uncertainty Principle

VMUT suggests a possible modification to Heisenberg’s uncertainty principle:

AxzAp > gf(x) (363)

where f(z) is the local metric scale function. Future high-precision quan-
tum interferometry experiments could test this prediction.

Deviations in Gravitational Wave Propagation

The complex metric structure proposed by VMUT could influence the prop-
agation of gravitational waves:

hvaur(t) = har(t) + 0h(1) (364)

Future analysis of data from gravitational wave observatories could reveal
these subtle deviations.

35.2 Future Theoretical Directions

Unification with the Standard Model

A key goal is to develop a complete formulation that unifies VMUT with
the Standard Model of particle physics. This could involve reinterpreting
quantum fields as oscillation modes of the variable metric:
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Complete Quantization

(365)

Developing a complete quantum theory of VMUT remains a crucial challenge.

This could involve exploring approaches s

HIf]¥[f] =0

uch as:

(366)

where H[f] is the quantum Hamiltonian and ¥[f] is the wave functional

of the metric.
These prospects, though speculative, o

ffer promising directions for future

developments of VMUT, both on the experimental and theoretical fronts.
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