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Abstract

This paper presents Polarized Time Inertia (PTI), a theoretical framework proposing that time is
the singular primordial dimension from which all physical reality emerges through a hierarchy of
comparative operations. In PTI, space arises as entangled time comparisons; energy as
condensed space-time; and mass as bound energy triplets aligned along three perpendicular
modes. Gravity is reinterpreted as a phase transition in which massive particles convert space
back into time, eliminating the need for a separate graviton or curvature-based description. The
framework naturally unifies general relativity and quantum mechanics by grounding both in the
same comparative feedback loop. PTI replaces the Many Worlds interpretation with a Many
Points of View (reference frame) interpretation, explains entanglement as the absence of distance
in a photon’s reference frame, accounts for the cosmic microwave background radiation through
a cyclical singularity model, and reinterprets dark matter and dark energy as emergent effects of
ongoing time comparisons. The theory’s three foundational laws—Emergence, Interaction, and
Perspective—provide a minimal axiomatic basis from which the full complexity of the
observable universe can be derived.
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1. Introduction

Modern physics rests on two extraordinarily successful but mutually incompatible pillars:
general relativity (GR), which describes gravity as spacetime curvature, and quantum mechanics
(QM), which describes subatomic phenomena through probabilistic wave functions. For over a
century, physicists have sought a framework that reconciles these descriptions. Polarized Time
Inertia (PTI) proposes a radically new starting point: time itself is the sole primordial entity, and
every other physical quantity—space, energy, mass, and all forces—emerges from comparisons
and entanglements within time.

The word "polarized" reflects the directional nature of time’s flow and its role in defining
reference frames. "Inertia" captures the self-sustaining feedback loop by which the universe
perpetuates itself through continuous comparison operations. Together, Polarized Time Inertia
describes a cosmos that is fundamentally a comparative engine, where existence requires
interaction, and observation shapes reality.

This paper is organized to build the theory from its axioms upward. We begin with the three
foundational laws, develop the emergence hierarchy, describe the mechanisms of gravity and
mass, explain the special status of photons, and then apply the framework to phenomena
including entanglement, the double-slit experiment, black holes, dark matter, dark energy, and
the cyclical birth and death of the universe.

2. The Three Laws of PTI

PTTI is built on three irreducible laws from which all physical phenomena emerge. These laws are
axiomatic: they cannot be derived from more fundamental principles within the theory.

2.1 The Law of Emergence

Law 1 (Emergence): Complex structures arise spontaneously from simple comparative
operations. Time'’s self-comparison generates space, comparisons of space-time generate
energy; comparisons involving energy generate mass. Each level of the hierarchy emerges from
the entanglement of comparison results at the level below.

T T S, S® T E, E® S®T-M

LaTeX: T \otimes T \rightarrow S, \quad S \otimes T \rightarrow E, \quad E
\otimes S \otimes T \rightarrow M

Here T represents time, S space, E energy, and M mass. The symbol & denotes the comparison-
entanglement operation—the fundamental act of two entities interacting and producing a result
that is itself an entity.

2.2 The Law of Interaction
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Law 2 (Interaction): For any entity to exist, it must interact with at least one other entity.
Existence is defined by comparison. A point in time that compares with no other point does not
exist. A particle that interacts with nothing ceases to be.

Ix & Jy : C(x, y) # 0

LaTeX: \exists x \Leftrightarrow \exists y : C(x, y) \neqg \emptyset
This law has profound consequences. It means the universe must contain at least two interacting
entities to exist at all. It also means that an isolated photon connecting no massive particles is not
merely unobservable—it does not exist.

2.3 The Law of Perspective

Law 3 (Perspective): A/l physical properties are defined relative to a reference frame. There is
no absolute state of any entity. What one observer measures as space, another may measure as
time; what one sees as energy, another may see as mass. The reference frame determines the
decomposition of the primordial comparative results into the categories of space, time, energy,
and mass.

®(x) = R 6 - ¥Y(x), where R © € SO(n) of the comparison space

LaTeX: \Phi(x) = R {\theta} \cdot \Psi(x), \quad R_{\theta} \in SO(n)
This law subsumes and extends the principle of relativity. It is not merely that the laws of
physics are the same in all inertial frames; it is that the very categories into which we decompose
reality—space, time, energy, mass—are frame-dependent projections of a single underlying
comparative structure.
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3. The Comparative Feedback Loop

At the foundation of PTT is the idea that the universe is a self-referential comparative engine.
Time was the first entity to exist, but it could only begin to exist once it expanded from a zero-
dimensional point into at least two distinguishable points. This is because existence, by the Law
of Interaction, requires comparison.

3.1 Emergence of Time

A single point in time, with nothing to compare against, cannot be said to exist. The moment a
second point appears and compares against the first, both acquire existence. This is the
primordial comparison—the seed from which all of reality grows.

C(ty, tz) - At # 0 = time exists

LaTeX: C(t 1, t 2) \rightarrow \Delta t \neq 0 \Rightarrow \text{time exists}
— — ) | g

3.2 Emergence of Space

As time continued to expand, each point in time compared itself against every other point and
against the results of every previous comparison. The results of these comparisons themselves
became entities that could be compared. From this web of entangled comparison results, space
was born. Space is not an independent arena; it is woven from temporal threads—the
entanglement product of time comparing itself.

Sij = C(ti, t3) & Cltx, t1)) & ...
LaTeX: S {ij} = C(t_ i, t j) \otimes C(t _k, t 1) \otimes \ldots
This explains why space has three macroscopic dimensions: the comparison operation between
two temporal points, together with the comparison of that result against other comparison results,
naturally yields a structure with three independent degrees of freedom. As we shall see, this
three-dimensionality maps directly onto the three color charges of quantum chromodynamics.

3.3 Emergence of Energy and Mass

Energy emerges from comparisons that involve both space and time. It represents a further
condensation—many dimensions of space-time compacted into fewer degrees of freedom, as
perceived by an observer.

E =C(S, T) & C(C(s5,T), T) & ...
LaTeX: E = C(S, T) \otimes C(C(S,T), T) \otimes \ldots
Mass is the most condensed form: three separate dimensions of energy, each perpendicular to the

others, bound together into a stable configuration. A massive particle acquires its continued
existence by converting nearby space back into time—a process we observe as gravity.
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M=Ex Ey &E z, where E x L E y 1l E z

LaTeX: M = E x \otimes E y \otimes E z, \quad E x \perp E y \perp E z

The Comparative Feedback Loop: Emergence Hierarchy

TIME

Primordial Comparisons
(t1 & t2)

Comparison
& Entanglement

SPACE

Entangled Time Comparisons
(woven temporal threads)

Condensation
& Compactification

Feedback
Loop

ENERGY

Condensed Space-Time
(compactified dimensions)

Binding
3 Dimensions

MASS

Bound Energy Triplets
(3 perpendicular modes)

Figure 1. The Comparative Feedback Loop hierarchy. Time self-compares to generate space; space-time
comparisons generate energy, bound energy generates mass. The feedback arrow indicates that mass, through
gravity, feeds back into the temporal structure.
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4. The Mechanism of Gravity and Mass

In PTI, gravity is not a force mediated by a particle, nor is it the curvature of a pre-existing
spacetime manifold. Instead, gravity is a phase transition: massive particles convert space back
into time. This conversion is the mechanism by which massive particles sustain their existence—
they must continually interact with space-time (Law of Interaction), and this interaction
consumes space.

4.1 Space as Condensed Time

Space can be understood as concentrated, entangled time. Many dimensions of temporal
comparison have been compactified into fewer spatial dimensions. When a massive particle
interacts with space, it performs the reverse operation: unraveling or decompactifying space back
into time. This is the "phase change" from spatial degrees of freedom to temporal degrees of
freedom.

g pgv &« 9ud (S - T) ove(S - T)

LaTeX: g {\mu\nu} \propto \partial \mu \Phi(S \rightarrow T) \, \partial \nu

\Phi (S \rightarrow T)
The rate at which a massive particle converts space to time determines the gravitational field
strength around it. More mass means more conversion per unit time, which means a stronger
gravitational effect. This is why gravity is proportional to mass.

4.2 The Flow of Space Through Matter

Rather than matter moving through space, PTI suggests that space flows through matter. In one
temporal direction (the future), space appears to flow inward toward a massive particle. In the
opposite temporal direction (the past), it appears to flow outward. The particle itself sits at the
intersection where this conversion occurs.
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Gravity = Phase Change: Space —» Time Space

(condensed time)

~ -
- ~

- ~
’ / \ ~

Space flows INTO matter
(converted back to Time)

Figure 2. The gravity mechanism in PTIL. Space (blue arrows) flows into the massive particle M, where it is
converted back into time. This inward flow of space is what observers experience as gravitational attraction.

The gravitational acceleration experienced by a test particle near mass M can be expressed as the
rate of spatial consumption per unit area:

a(r) = I conversion / (4mnr?)

LaTeX: a(r) = \frac{\Gamma {\text{conversion}}}{4\pi r"2}
where I'_conversion is the total rate of space-to-time conversion by the mass M, and r is the
distance from the center. This naturally reproduces the inverse-square law of Newtonian gravity
and, with relativistic corrections from the comparison structure, reproduces the predictions of
general relativity.

4.3 Quantum Chromodynamics and Three Spatial Dimensions

A striking prediction of PTI is the correspondence between the three dimensions of space and the
three color charges of quantum chromodynamics (QCD). If mass is formed from three
perpendicular energy modes bound together, and if each energy mode corresponds to one spatial
dimension, then the three "colors" of QCD (red, green, blue) are simply labels for which spatial
dimension each energy mode is aligned with.
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QCD Colors as Spatial Dimensions
3 Colors = 3 Perpendicular Energy Modes = 3 Spatial Dimensions

Y-Dimension
= Green Charge

o X-Dimension
= Red Charge

Z-Dimension
= Blue Charge

Figure 3. The three color charges of QCD correspond to three perpendicular spatial dimensions. A quark's color
indicates which spatial axis its energy mode is aligned with.

Color confinement—the observation that quarks never appear in isolation—follows naturally: a
stable massive particle requires contributions from all three spatial dimensions. A particle with
only one or two color charges is missing one or more spatial components and therefore cannot
sustain the space-to-time conversion needed for continued existence.

M stable = E red & E green & E blue & E x & Ey & E z

LaTeX: M {\text{stable}} = E {\text{red}} \otimes E {\text{green}} \otimes
E {\text{blue}} \Leftrightarrow E x \otimes E y \otimes E z
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S. The Higgs Field Is Space

In the Standard Model, the Higgs field is a scalar field permeating all of space whose excitations
give mass to other particles through interaction. PTI offers a more fundamental interpretation:
the Higgs field is space itself.

When we say that a particle acquires mass by interacting with the Higgs field, PTI translates this
as: a particle acquires mass by interacting with space. This interaction—the conversion of space
into time—is precisely the mechanism that generates both mass and gravity. The Higgs boson, as
an excitation of this field, is an excitation of space itself—a ripple in the spatial fabric caused by
the comparison structure being momentarily disturbed.

©® Higgs = S(x,t) (The Higgs field is the spatial manifold)

LaTeX: \Phi {\text{Higgs}} \equiv S(x,t) \quad \text{ (The Higgs field is the

spatial manifold)}
This identification has several consequences. First, it explains why the Higgs field has a non-zero
vacuum expectation value everywhere: space itself exists everywhere. Second, it explains why
particles that do not interact with the Higgs field (photons) are massless: they do not interact with
space. Third, it predicts that the Higgs boson mass is related to the energy required to create a
localized disturbance in the spatial comparison structure.

6. The Special Status of Photons

Photons occupy a unique and privileged position in PTI. Unlike massive particles, photons do
not interact with space or time. From a photon’s own reference frame, no time passes and no
distance is traversed. Emission and absorption are, from the photon’s perspective, the same
event.

Massive Particles vs. Photons: Interaction with Space-Time

Massive Particle

At=0,Ax =0
(from photon's frame)

°
Interacts with

space & time

Figure 4. Comparison between massive particles (left), which interact with and distort the space-time grid, and
photons (right), which pass through without interaction. From the photon's frame, At = 0 and Ax = 0.
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This property follows from the Law of Perspective: in the photon’s reference frame, the spatial
separation between emitter and absorber is zero, and the temporal interval is zero. The "distance"
and "travel time" that we observe are artifacts of our reference frame—the frame of massive
particles that do interact with space and time.

Photons are not self-aware in any meaningful sense because they do not experience time. By the
Law of Interaction, something must travel through time to exist in the conventional sense.
Outside observers infer the photon’s existence because they observe that it took time for
information to travel from emitter to absorber—but this is their time, not the photon’s.

7. How Gravity Acts on Photons Without Mass

One of the classic puzzles in physics is: if gravity is proportional to mass, how does it bend light,
which is massless? In GR, the answer is spacetime curvature. PTI provides a different and
arguably more intuitive answer.

Since gravity in PTI is the flow of space into massive particles (space being converted to time),
and since photons travel through space, a photon passing near a massive object is carried along
by the flowing space. The photon itself does not interact with space—it does not experience
distance or time—but the space through which it propagates (from the observer’s frame) is itself
in motion. The photon follows the flow of space just as a leaf follows a river current without
interacting with the water itself.

A6 photon = [ V(v space) - dl / c
LaTeX: \Deltaltheta {\text{photon}} = \int \frac{\nabla(v_{\text{space}}) \cdot
The deflection angle is determined by the gradient of the spatial flow velocity along the photon’s
path, divided by the speed of light. This naturally produces the factor-of-two enhancement over
Newtonian predictions that was first confirmed by Eddington’s 1919 eclipse observations [1],
since the spatial flow affects both the spatial and temporal components of the photon’s
propagation as seen by the observer.
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8. Unifying General Relativity and Quantum Mechanics

The central obstacle to unifying GR and QM is that GR treats spacetime as a smooth classical
manifold, while QM treats physical quantities as discrete and probabilistic. PTI dissolves this
tension by proposing that both descriptions are valid projections of the same underlying
comparative structure, seen from different reference frames and at different scales.

8.1 Gravity as a Quantum Process

In PTI, gravity is inherently quantum mechanical. The space-to-time conversion performed by
massive particles occurs at the Planck scale: one quantum of space is consumed per Planck time
interval. The smooth, continuous gravitational field described by GR is the macroscopic
statistical average of trillions of discrete Planck-scale conversion events.

G uv = (8nG/c*) T uv — T I i(S-T) / V
LaTeX: G_{\mu\nu} = \frac{8\pi G}{c"4} T {\mu\nu} \quad \longleftrightarrow
\quad \frac{\sum i \Gamma i (S \to T)}{V}
The left side is Einstein’s field equation; the right side is the PTI description in which the stress-
energy tensor is reinterpreted as the volumetric density of space-to-time conversion events. The
equivalence of these descriptions is what unifies GR and QM: GR is the continuum limit of the
discrete quantum process described by PTI.

8.2 The Comparison Operator and the Wave Function

The quantum wave function can be understood as encoding all possible comparisons that a
particle can make with its environment. Before measurement (comparison), the particle exists in
a superposition of all possible comparison outcomes. Measurement collapses this to a specific
comparison result—not because of any mysterious process, but because the act of measurement
is itself a comparison that selects one outcome from the space of possibilities.

Y(x,t) =Y cn |Cn) . measurement . |C k)
LaTeX: \Psi(x,t) = \sum n c n |C n\rangle \xrightarrow{\text{measurement}}
|C_k\rangle

9. Many Points of View: Replacing Many Worlds

The Many Worlds Interpretation (MWI) of quantum mechanics proposes that every quantum
measurement causes the universe to branch into multiple copies, one for each possible outcome
[2]. PTI offers a more parsimonious alternative: the Many Points of View (MPV) interpretation.

In MPV, there is only one universe, but there are many valid reference frames from which to
observe it. When you measure the spin of an electron and find it to be "up," you know that
anyone sharing your reference frame will also measure it as "up." The entangled partner will be
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measured as "down" in your reference frame. But a photon—existing in a fundamentally
different reference frame where neither time nor space separates the particles—may not observe
the spin at all, or may decompose the same quantum event into entirely different categories.

Many Points of View: Same Event, Different Reference Frames

Observer A Observer B

(Spin 1) (Spin )

Each observer sees a valid, self-consistent measurement.
No branching universes — only different perspectives.

Figure 5. The Many Points of View interpretation. A single quantum event is observed from multiple reference
frames, each yielding a valid but frame-dependent measurement. No branching of universes is required.

The key insight is that you can only communicate with entities that share your reference frame.
This is not a limitation of technology but a fundamental feature of the comparison structure:
communication requires comparison, and comparison requires a shared frame. The apparent
"mystery" of quantum mechanics—why we never see superpositions directly—is explained by
the fact that our reference frame, defined by the massive particles composing our bodies and
instruments, always selects a definite comparison outcome.
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10. Entanglement and the Illusion of Distance

Quantum entanglement—the phenomenon where measurements on distant particles appear to be
instantaneously correlated [3]—has puzzled physicists since the EPR paper of 1935. PTI
explains entanglement through the Many Points of View framework and the special status of
photons.

When two particles are created in an entangled state, they are connected by the comparison
structure. From the reference frame of the photon that mediates their interaction, no spatial
distance and no temporal interval separates them. The "distance" between entangled particles is
an artifact of the observer’s reference frame—the frame of massive particles that experience
space and time.

Entanglement = Shared Reference Frame
where spatial separation does not exist

° Apparent Distance (Observer's Frame) °

3

Figure 6. Entanglement in PTI. Particles A and B appear spatially separated in the observer’s frame (top), but in
the photon’s frame (bottom), Ax = 0 and At = 0. The "spooky action at a distance" is resolved: there is no distance
in the mediating frame.

When a measurement is made on particle A, the result is instantaneously reflected at particle B
not because information travels faster than light, but because in the relevant reference frame (the
photon frame connecting them), A and B occupy the same point. The correlation is not
communicated across space; it exists because, at the level of the comparison structure, there is no
space to cross.

Ax photon = 0, At photon = 0 = Entanglement is local in the
mediating frame

LaTeX: \Delta Xi{‘\\text{photorw}} = 0, \; \Delta t {\text{photon}} = 0

\Rightarrow \text{Entanglement is local in the mediating frame}
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11. The Double-Slit Experiment

The double-slit experiment is perhaps the most famous demonstration of quantum behavior [4].
When particles are sent one at a time through a barrier with two slits, an interference pattern
builds up on the detector—as though each particle passes through both slits simultaneously.

PTI explains this as follows. When a photon is emitted from the source and absorbed at the
detector, from the photon’s reference frame, no time passes and no space is traversed. The
photon does not "travel through" one slit or the other; from its perspective, the source and
detector are the same point. The interference pattern arises because the photon’s comparison
structure encompasses all possible spatial paths simultaneously—not because the photon literally
takes all paths, but because the concept of a single path only exists in the reference frame of
massive observers, and the photon does not inhabit that frame.

Double-Slit Experiment: PTI Interpretation

Photon: At = 0, Ax =0
All paths are simultaneous
B3l r from photon's reference frame

(=) ]

Source
(Massive)

Detector
(Massive)

Figure 7. The double-slit experiment in PTL. From the photon’s frame (where At = 0, Ax = 0), all paths are
simultaneous. The interference pattern reflects the complete comparison structure between source and detector.

When a which-path detector is placed at the slits, it introduces massive particles into the photon’s
path, forcing a comparison that collapses the photon into the massive-particle reference frame. In
this frame, the photon must have a definite path, and the interference pattern disappears. The act
of observation does not disturb the photon in a mechanical sense; it changes the reference frame
in which the photon’s existence is evaluated.

12. Quantum Tunneling
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Quantum tunneling—the ability of a particle to pass through a potential barrier that it classically
lacks the energy to surmount [5]—is explained in PTI by the comparison structure’s relationship
to spatial barriers.

A potential barrier, in PTI terms, is a region of space where the comparison structure is
configured to require more energy for a massive particle to sustain its space-to-time conversion.
However, the comparison structure is not perfectly sharp: at the Planck scale, the boundary
between "inside the barrier" and "outside the barrier" is fuzzy, because spatial location itself is a
comparative result subject to quantum uncertainty.

P tunnel o exp(-2x d), « = \N(2m(V-E)) / h

LaTeX: P {\text{tunnel}} \propto \exp(-2\kappa d), \quad \kappa =

\frac{\sgrt{2m(V-E) } } {\hbar}
The tunneling probability decreases exponentially with barrier width d and the square root of the
energy deficit (V—E). In PTI, this is because the comparison structure becomes increasingly
well-defined at larger scales: the more comparison events that must consistently place the
particle "outside" the barrier, the less likely a fluctuation can place it on the other side. At the
Planck scale, however, individual comparison events have inherent uncertainty, allowing
occasional "mis-comparisons" that place the particle beyond the barrier.
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13. The Engine of the Present

What drives the universe forward in time? In PTI, the "present" is an active process—an engine
that operates at the Planck scale. At each Planck time interval, every massive particle in the
universe performs a comparison against adjacent points in space-time, consumes one quantum of
space, and manifests at the next temporal position.

THE PRESENT

AS - Am (one quantum of space consumed per Planck tick)

Each Planck step: Space consumed — Mass manifests —» Time advances
The "engine" is the comparison of adjacent Planck-time states

Figure 8. The Engine of the Present. At each Planck time step, space is consumed and mass manifests at the next
temporal position. The "present" is the active boundary where this conversion occurs.

This engine is not an external mechanism imposed on the universe; it is the universe. The
continuous comparison of adjacent Planck-time states is what generates the experience of time
flowing. Without massive particles to perform this comparison, there is no engine and no
present.

AS = -1 guantum per At = t Planck per massive particle

LaTeX: \Delta S = -1 \text{ quantum per } \Delta t = t {\text{Planck}} \text({
per massive particle}

The "factory" or "catalyst" that enables this conversion can be understood as a set of polarized
waves from a particular perspective. The appearance of mass is only visible from specific
reference frames—those aligned with the polarization of the conversion process. From other
reference frames, the same process may appear as pure energy or even as spatial fluctuation.

14. Entropy and the Arrow of Time

The second law of thermodynamics—entropy never decreases in a closed system—is one of the
few laws of physics with a built-in arrow of time [6]. In PTI, this arrow emerges naturally from
the structure of the comparative feedback loop.
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As massive particles convert space to time, the total number of comparison results increases
monotonically. Each new comparison generates new entanglements, new results, and new
entities that themselves participate in future comparisons. This is a fundamentally irreversible
process: the comparison structure grows richer and more complex at each step. Entropy is the
measure of this growing complexity.

S entropy = k B 1n(Q comparisons), dQ/dt > 0

LaTeX: S {\text{entropy}} = k B \ln(\Omega ({ \text{comparisons}}), \quad

\frac{d\Omega} (dt} > O
The arrow of time is not a mystery in PTI: it is the direction in which the comparison structure
grows. Time "flows" in the direction of increasing comparison complexity because that is the
direction defined by the comparative feedback loop. Reversing the arrow of time would require
un-making comparisons—erasing results that have already been entangled with every other
result in the universe—which is computationally and physically impossible.

15. Dark Matter and Dark Energy

Observations of galaxy rotation curves, gravitational lensing, and the cosmic microwave
background suggest that approximately 85% of the matter in the universe is "dark"—it gravitates
but does not emit or absorb electromagnetic radiation [7]. Additionally, the accelerating
expansion of the universe is attributed to "dark energy"—a mysterious repulsive influence that
constitutes roughly 68% of the total energy density of the universe [8]. PTI offers natural
explanations for both phenomena without invoking new particles or a cosmological constant.

15.1 Dark Matter as Cumulative Comparison Effects

In PTI, the gravitational effect of a massive object is determined by its rate of space-to-time
conversion. However, the comparison structure is nonlinear: the comparison results generated by
one mass affect the comparison results available to neighboring masses. In dense environments
like galaxies, this cumulative effect produces additional gravitational influence beyond what
would be expected from the visible mass alone.

This is not "invisible matter"; it is the nonlinear self-interaction of the comparison structure. The
"extra gravity" observed in galaxies is the gravitational effect of the comparison results
themselves—entities that have emerged from the feedback loop and contribute to the overall
space-to-time conversion rate without being visible as discrete particles.

15.2 Dark Energy as Ongoing Space Generation

While massive particles consume space (converting it to time), the comparison structure
simultaneously generates new space through ongoing temporal comparisons. As time expands
and new temporal points arise, new comparisons are made, and new space is woven from these
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comparisons. When the rate of space generation exceeds the rate of space consumption by
massive particles, the net result is the expansion of space—which we observe as dark energy.

Dark Matter & Dark Energy: Emergent Effects of PTI

"Dark Matter" "Dark Energy"
Extra gravity from accelerated New space generated from
space-to-time conversion ongoing time comparisons
New
Galaxy Space
Gumulative comparison Time comparisons
effects mimic extra mass continuously generate space

Figure 9. Left: "Dark matter"” as the cumulative gravitational effect of nonlinear comparison interactions. Right:
"Dark energy" as the net space generation from ongoing temporal comparisons exceeding space consumption by
matter.

dV_space/dt = I generation(T-S) — I consumption (5-T)
LaTeX: \frac{dV_ {\text{space}}}{dt} = \Gamma_{\text{generation}} (T \to S) -
\Gamma {\text{consumption}} (S
When I generation > I"_consumption, space expands (dark energy dominates). When
I'_consumption > I"_generation locally, space contracts (gravity dominates). The cosmic balance
between these two rates determines the large-scale fate of the universe.
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16. Black Holes

Black holes represent the extreme limit of the space-to-time conversion process. When mass is
sufficiently concentrated, the rate of space consumption exceeds the speed of light—the speed at
which photons propagate through the spatial medium.

16.1 Why Light Cannot Escape

In PTI, the event horizon is the surface at which the inward velocity of flowing space equals the
speed of light. Inside this surface, space flows inward faster than light can propagate outward.
Since photons ride the spatial medium without interacting with it (like leaves on a river), they are
carried inward by the flow. It is not that some force prevents the photon from escaping; it is that
the space through which it would escape is itself falling inward faster than the photon can move

through it.

Black Hole: Space-to-Time Conversion Exceeds c

Event Hafizon
(v_comtersion = c)

Figure 10. A black hole in PTI Space flows inward (blue arrows), accelerating near the center. At the event horizon
(dashed circle), the spatial flow velocity equals c. Inside, photons are trapped because space flows faster than light

can propagate.
r horizon: v _space(r) = c
LaTeX: r {\text{horizon}}: \quad v_{\text{space}}(r) = c
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16.2 Hawking Radiation

Near the event horizon, the extreme gradient of the spatial flow can split the comparison
structure in a way that creates particle-antiparticle pairs. When one member of the pair falls
inward while the other escapes, the escaping particle is observed as Hawking radiation [9]. In
PTI terms, the violent shearing of the comparison structure at the horizon creates new
comparison results that can manifest as particles in the external observer’s frame.

16.3 No Loss of Information

The black hole information paradox—whether information that falls into a black hole is
permanently lost—is resolved in PTI by the Law of Interaction. All comparisons ever made are
part of the universal comparison structure. Information falling into a black hole is not destroyed;
it is incorporated into the comparison structure at the singularity and continues to influence the
overall pattern of comparisons. As the black hole evaporates via Hawking radiation, this
information is gradually re-expressed in the comparison results that escape as radiation,
preserving unitarity.

17. The Cyclical Singularity

PTI predicts that the universe is a self-limiting loop—a cyclical process with no absolute
beginning or end.

17.1 The Death of the Universe

As the universe expands and cools, all massive particles will eventually decay into photons.
When there are no longer multiple massive particles to anchor points in time, space and time
begin to lose their meaning. Eventually, only one massive particle remains, absorbing all
remaining photons. This final particle has effectively infinite energy concentrated in a single
point. All the mass-energy of the entire universe resides in one entity.

17.2 The Birth of the Universe

This single, infinitely energetic particle is unstable by the Law of Interaction: with nothing else
to compare against, it cannot sustain its existence. Its energy decays into multiple particles,
which immediately create points in time that can compare against each other. Space is generated,
time begins to flow, and a new Big Bang occurs.
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The Cyclical Singularity: Self-Limiting Universal Loop
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Figure 11. The Cyclical Singularity. The universe evolves from singularity through expansion and eventual heat
death, after which all matter returns to a single particle, restarting the cycle.

17.3 The Cosmic Microwave Background

The cosmic microwave background (CMB) radiation [10]—the nearly uniform afterglow of the
early universe—is explained in PTI as the residual comparison structure from the initial burst of
temporal self-comparison. When the singularity decayed into multiple particles and space-time
was born, the first comparisons produced a nearly uniform spatial fabric. The tiny fluctuations in
the CMB correspond to the inherent granularity of the comparison process: no two comparison
results are exactly identical, producing the observed anisotropies at the 107° level.

AT/T ~ 10™° « granularity of primordial comparison operations

LaTeX: \frac{\Delta T}{T} \sim 107{-5} \quad \leftrightarrow \quad
\text{granularity of primordial comparison operations}
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18. Discussion

Polarized Time Inertia offers a parsimonious framework that derives a wide range of physical
phenomena from three simple laws and one primitive entity (time). Its key predictions and
explanations include:

(1) Gravity as space-to-time conversion, naturally producing inverse-square behavior and
unifying with quantum mechanics at the Planck scale. (2) The three colors of QCD as the three
spatial dimensions, explaining color confinement. (3) The Higgs field as space itself, explaining
why photons are massless. (4) Entanglement as locality in the photon’s reference frame. (5) Dark
matter as nonlinear comparison self-interaction. (6) Dark energy as net space generation. (7) A
cyclical cosmology with no true beginning or end.

The theory makes several testable predictions. First, if gravity is quantized at the Planck scale as
PTI suggests, there should be detectable signatures in gravitational wave signals at sufficiently
high frequencies. Second, the relationship between QCD color charge and spatial dimensionality
predicts specific symmetry-breaking patterns in high-energy particle collisions. Third, the
identification of the Higgs field with space predicts corrections to the Higgs boson self-coupling
that could be measured at future colliders.

PTI shares some philosophical kinship with relational interpretations of quantum mechanics [11]
and with process philosophy [12], in that it grounds physical reality in relations (comparisons)
rather than substances. However, it goes further by providing specific mechanisms for
emergence, gravity, and cosmology that these philosophical frameworks lack.

19. Conclusion

Polarized Time Inertia proposes that the universe is, at its deepest level, a comparative engine.
Time is the primordial dimension; space, energy, and mass emerge through successive levels of
comparison and entanglement. Gravity is not a separate force but the ongoing process by which
massive particles convert space back into time. Photons occupy a privileged frame in which
distance and time do not exist. Quantum phenomena—superposition, entanglement, tunneling,
interference—are natural consequences of the comparison structure and the multiplicity of
reference frames.

The three laws of PTI—Emergence, Interaction, and Perspective—provide a minimal axiomatic
foundation from which the full richness of physical law can, in principle, be derived. The
universe is not many worlds but many viewpoints, not static spacetime but a flowing conversion
engine, and not a one-time creation but a self-perpetuating loop.
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Appendix A: LaTeX Equation Reference

All equations in this paper are provided below in LaTeX format for typesetting purposes.

Equation Name

LaTeX Code

Emergence Hierarchy

Law of Interaction
Law of Perspective

Time Emergence

Space Emergence
Energy Emergence
Mass Formation

Gravity Metric

Gravitational Acceleration

Color Confinement

Higgs-Space Identity
Photon Deflection

GR-QM Unification
Wavefunction Collapse
Tunneling Probability
Entropy

Space Rate of Change

Event Horizon

CMB Anisotropy

T \otimes T \rightarrow S, \quad S \otimes T \rightarrow E,
\quad E \otimes S \otimes T \rightarrow M

\exists x \Leftrightarrow \exists y : C(x, y) \neq \emptyset
\Phi (x) = R_{\theta} \cdot \Psi(x), \quad R {\theta} \in SO (n)

C(t_1, t 2) \rightarrow \Delta t \neg 0 \Rightarrow \text{time
exists}

S {ij} = C(t_i, t_3j) \otimes C(t_k, t 1) \otimes \ldots

E = C(S, T) \otimes C(C(S,T), T) \otimes \ldots

M E x \otimes E y \otimes E z, \quad E x \perp E y \perp E z

g _{\mu\nu} \propto \partial \mu \Phi (S \rightarrow T) \,
\partial \nu \Phi(S \rightarrow T)

a(r) = \frac{\Gamma_ {\text{conversion}}}{4\pi r"2}

M {\text{stable}} = E {\text{red}} \otimes E {\text{green}}
\otimes E {\text{blue}} \Leftrightarrow E x \otimes E_y \otimes
E z

\Phi {\text{Higgs}} \equiv S(x,t)

\Delta\theta {\text{photon}} = \int
\frac{\nabla (v_{\text{space}}) \cdot dl}{c}

G_{\mu\nu} = \frac{8\pi G}{c”4} T {\mul\nu} \longleftrightarrow
\frac{\sum i \Gamma i (S \to T)}{V}

\Psi(x,t) = \sum n c n |C_n\rangle
\xrightarrow{\text{measurement}} |C_k\rangle

P _{\text{tunnel}} \propto \exp(-2\kappa d), \quad \kappa =
\frac{\sqgrt{2m(V-E) } } {\hbar}

S {\text{entropy}} = k B \1ln(\Omega {\text{comparisons}}), \quad
\frac{d\Omega}{dt} > 0

\frac{dV_{\text{space}}}{dt} = \Gamma_ {\text{generation}} (T \to
S) - \Gamma_ {\text{consumption}} (S \to T)

r {\text{horizon}}: \quad v_{\text{space}}(r) = c

\frac{\Delta T}{T} \sim 107{-5}
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