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Abstract

This paper presents Polarized Time Inertia (PTT), a theoretical framework
proposing that physical reality is fundamentally relational: entities exist only through
interactions, and the familiar categories of space, time, energy, and mass are frame-
dependent projections of an underlying relational structure. PTI is built on three
axioms—Emergence, Interaction, and Perspective—each grounded in estab-
lished theoretical physics. Gravity is reinterpreted as the inward flow of spatial de-
grees of freedom toward mass concentrations—mathematically equivalent to general
relativity via the Painlevé-Gullstrand metric. The Many Points of View (MPoV)
interpretation replaces the Many Worlds interpretation. The Higgs field is identified
with the mass-conferring aspect of spatial structure. Dark matter and dark energy
arise as emergent relational effects. A Feynman-style diagram describes the “engine
of the present” at the Planck scale. The framework makes falsifiable predictions for
gamma-ray burst dispersion, dark matter searches, lattice QCD simulations, and
double-slit decoherence curves. Applications to microelectronics, quantum comput-
ing, navigation, deep-space travel, and gravitational engineering are discussed. A
companion document details 19 experimental tests with falsification criteria. All
equations include LaTeX source notation for publisher use.

1 Introduction and the Three Laws

General relativity (GR) [I] and quantum mechanics (QM) [2] are individually the most
successful theories in physics, yet mutually incompatible. Polarized Time Inertia (PTI)
resolves this by identifying a deeper relational layer beneath both [3]. The word “polar-
ized” reflects the directional nature of temporal flow; “inertia” captures the self-sustaining
relational loop.

PTTI rests on three meta-principles—the Three Laws of Your Universe:

Law I: Emergence. Higher-order structures arise from recursive relational interac-
tions: T -8 — & — M.



Law II: Interaction. Existence requires continuous comparison; an entity that
ceases to interact ceases to exist.

Law III: Perspective. All observables are reference-frame-dependent projections of
a single relational structure.

1.1 Key Corrections from Earlier Editions

(a) Photons propagate along null geodesics (ds? = 0), not “outside space-time.” (b) The
Higgs field is the mass-conferring aspect of spatial structure, not identical to space.
(c) The QCD color-space link is a structural conjecture with explicit SU(3)/SO(3) non-
isomorphism caveat. (d) Gravity uses the Hamilton-Lisle river model [4] and Jacobson’s
thermodynamic derivation [5].

2 The Three Axioms of PTI

Axiom 1 (Relational Existence — Emergence). An entity exists if and only if it interacts

with another entity:
do <= 3Jy:I(z,y) # 2. (1)

Established Physics Basis

Consistent with relational QM [6], Wheeler’s “it from bit” [7], and causal set theory

[8].

Axiom 2 (Hierarchical Condensation — Interaction). Interactions produce higher-complezity
entities. Fach level is a condensation of lower-level degrees of freedom:

TOT -8, ST —E E089T - M| 2)

Established Physics Basis

Van Raamsdonk [9)]: space emerges from entanglement. Ryu-Takayanagi [10]: A =
AG N Sgg. Jacobson [5]: Einstein equations from thermodynamics.

Axiom 3 (Frame-Dependent Decomposition — Perspective). The decomposition of the
relational structure R into T,S,E, M depends on the observer’s frame:

®y(R) = Py - R. (3)

Established Physics Basis

Generalization of Lorentz covariance [11], £ = mc?, ADM formalism [12], Unruh
effect [13].

Speculative Extension

The entire categorization of reality is frame-dependent. R is the only frame-
independent entity. A photon (null frame), massive particle (timelike frame), and




accelerated observer (Rindler frame) decompose the same R into fundamentally
different realities.

3 The Comparative Feedback Loop

The universe is a self-referential comparison engine. Time 7T is the primitive; space S
emerges from entangled temporal comparisons; energy £ from space-time condensation;
mass M from bound energy triplets. The feedback loop closes as mass consumes space
(gravity), regenerating temporal progression.

3.1 Time as the Primary Dimension

The minimum universe is two temporal points in causal relation [§]:

Cler,eq) > AT #0 = temporal order exists. (4)

3.2 Space as Entangled Time
Comparison results entangle, generating dimensionality [9]:
Si; o< Entanglement(C;, C;), A =4GNSEE. (5)

Space is condensed, concentrated time—many temporal dimensions compacted into
fewer spatial dimensions from a given perspective.

3.3 Energy as Condensed Space-Time

Energy represents coarse-grained space-time relations, consistent with Jacobson’s ther-
modynamic derivation [5]:

5Q=TdS — Gun="Cr, (6)

ct

3.4 Mass as Three Bound Energy Modes
Mass is energy bound along three perpendicular spatial modes:
M=E ®& R Es, & L& L& (7)

A massive particle sustains existence by converting nearby space back into time.
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Figure 1: The comparative feedback loop. Time self-compares to produce space; space-
time interactions produce energy; energy-space-time interactions produce mass. Gravity
closes the loop (dashed).

4 Gravity: The Phase Change from Space into Time

4.1 The River Model (Mathematically Equivalent to GR)

Massive particles consume spatial degrees of freedom, converting them to temporal pro-
gression. Hamilton and Lisle [4] showed this is mathematically exact—the Schwarzschild
metric in Painlevé-Gullstrand form:

2GM 2
Viow (1) = ¢ , ds® = —< — Uﬂﬂ) Adt? + 2 vgow dt dr + dr? + r2dO3. (8)

r c?
The gravitational acceleration recovers Newton exactly:

OVfow GM
a(r) = Vigw gﬂr = 9)

r2

4.2 Gravity as a Discrete Quantum Process
The smooth field is a statistical average of Planck-scale discrete relational operations [5]:

&G

G =3 Tw = (TS =T)),. (10)

The conversion rate per particle defines gravitational coupling:

dN, Mc?
Iy = d_TS = hc I3, 471 V0w = L. (11)




4.3 How Gravity Acts on Massless Photons

Photons ride the spatial substrate without interacting with it. The flowing space carries

photons, producing lensing [14]:

A4GM
A= ———. 12
20 (12)
The photon is not pulled by a force; it travels straight through space that is itself flowing
inward—Iike a fish in a river current.
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Figure 2: Gravity as spatial flow. Arrow intensity increases toward the mass. A photon
(gold wavy line) rides the flowing space, bending without coupling to the gravitational
source.

5 Photons and the Null Reference Frame

Along a photon’s worldline, the invariant interval vanishes [11]:
ds? = —c*dr* =0 = 7, =0, dproper = 0. (13)

Photons do not consume spatial d.o.f. or convert space to time. They ride the manifold
passively. Emission and absorption are the same event in the null frame. Without
massive endpoints, a photon has no relational partners and does not exist (Axiom .
This is consistent with QED vertex structure and zero Higgs coupling [15, [16].

When a photon from 13 billion light-years away reaches our eyes, the “space between”
is the comparison of a temporal point 13 billion years ago with now—projected as distance
by our massive-particle reference frame.



6 QCD and the Color-Space Correspondence

Speculative Extension

If mass requires three perpendicular energy modes (Eq. , each aligned with one
spatial dimension, then QCD “color” [I7] may reflect spatial-axis occupation:

o' < red, 2° > green, 1 < blue. (14)

Color confinement follows: isolated quarks lack complete spatial embedding. The
string tension between separated quarks is the energy cost of stretching an incom-
plete spatial condensation:

Vaen(r) = ~3, +or, o~ = f(pc). (15)

Caveat: SU(3) (8 generators, complex reps) and SO(3) (3 generators, real reps)
are not, isomorphic. This is a structural conjecture, not an algebraic identity.

7 The Higgs Field as the Mass-Conferring Aspect of
Space

The Higgs field [15] [16, 18] has VEV v ~ 246 GeV everywhere. PTT interprets this as the
spatial manifold’s capacity to confer inertial mass:

Y v
=v+ h(x), m; = —, 16
where y; is the Yukawa coupling. Particles coupling to the Higgs participate in S — T
conversion and acquire mass. Photons and gluons do not couple and remain massless.
The Higgs boson (= 125 GeV) is an excitation of this spatial structure. The potential:

2
Vo) = —lol + el vy (1)

8 The Engine of the Present

The “present” is an active Planck-scale process, not a passive time-slice. At each step

tp ~ 5.39 x 107* s, every massive particle: (1) compares with adjacent space-time,

2) consumes a quantum of space, (3) emits a quantum of time (temporal progression),
g

(4) re-manifests at the next Planck index:

|~ - ocC
|‘1’(t + tP)) = €eXp (_;_:LHPTItP) |\I’(t)> ) HPTI == hg (18)
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Figure 3: PTI-Feynman diagram of the Engine of the Present. A massive particle M(t)
(purple solid) enters the Planck-scale vertex P (gold), consuming three quanta of space
(AS,;, AS,, AS., colored dashed lines representing multi-dimensional spatial d.o.f.) and
emitting a time quantum (A7, red wavy) while re-emerging as M(t+tp). The net effect:
space disappears, time advances, mass persists.

9 Unifying General Relativity and Quantum Mechan-
ics

GR’s smooth manifold is the thermodynamic limit of PTT’s discrete relational structure
[5], as fluid dynamics is the continuum limit of molecular kinetics. The wave function
encodes all possible relational comparisons [6]:

U(z,t) =Y e |R) “ Ry (19)

n

Decoherence scale: Lgec ~ v/h/(mwe).

10 Many Points of View: Replacing Many Worlds

The Many Worlds Interpretation [I9] posits branching. PTT’s MPoV posits one universe,
many valid reference frames. Measurement is a frame-dependent decomposition:

Outcome(Py) = (Pi| O |T) . (20)

Communication requires shared frames. A photon in the null frame may not decompose
spin at all. Related to relational QM [6] and QBism [20]. MPoV predicts: when two ob-
servers share a frame, they always agree. When frames differ (e.g., different gravitational

7



potentials), tiny corrections to Bell correlations may appear:

AD
S =2vV2(1+ €pame); € X — (21)

11 Entanglement: Null-Frame Locality and the Illu-
sion of Distance

Entangled particles share a comparison history. In the null frame of the mediating inter-
action, spatial distance is zero [21]:

dsiull =0 = d<A7 B)relational = 0. (22)

No information travels; correlation is local in the relational structure. The ER=EPR
“wormhole” is the null-frame connection. When you measure spin-up, anyone sharing
your frame sees the partner as spin-down—not because a signal was sent, but because
both measurements decompose the same relational entity from the same frame.

12 The Double-Slit Experiment

In the null frame (7 = 0), source and detector are the same event. All paths are simul-
taneous [22]:

I(z) = ’Cslit 1(7) + Caig 2(@’2 = |1 + Y| (23)

A which-path detector interposes a massive comparison, forcing a timelike frame. Inter-
ference vanishes—mnot because the particle “knows,” but because the comparison network
topology changed. PTI predicts the decoherence curve:

Virp = Vo e NeomoNerit g Vo = Vo1 — D2, (24)

This is a directly testable difference (see companion tests document).

13 Quantum Tunneling

A barrier is a region requiring more energy for the S — 7 conversion. Discrete relational
comparisons allow finite probability of barrier traversal [23]:

2m(V(z) — E

PTI adds a comparison-chain disorder correction:

d
Pprp = Pywks - exp (—%/ oc() dﬂﬂ) : (26)
0



14 Entropy and the Arrow of Time

The relational structure grows monotonically—each comparison adds results that cannot
be un-compared. This is the PTI origin of the arrow of time and the second law [24]:

s > Nparticles

S:lere, -, =
B S el dt o

> 0. (27)

The arrow of time points in the direction of increasing comparison depth. From any
frame R, entropy increases because comparisons accumulate irreversibly. The Bekenstein
bound S < 2rRE/(hc) limits the relational d.o.f. within a region.

15 Dark Matter and Dark Energy

15.1 Dark Matter: Emergent Relational Effects

Speculative Extension

Galaxy rotation curve anomalies [25, 26] arise from nonlinear relational self-
interaction—the density of comparisons per unit volume generates additional grav-
itational influence. Related to Verlinde’s emergent gravity [27]. Both predict no
dark matter particle will be found:

Meg(r) = Mparyon (1) + / Pretational () 47T dr’. (28)
0

15.2 Dark Energy: Net Spatial Overproduction

The comparison process generates new spatial d.o.f. while mass consumes them. When
generation exceeds consumption 28] 29]:

av

o Peen(T T = S) —Teons(S — T) > 0. (29)

As matter dilutes, I'cons falls while I'ye, persists—expansion accelerates.

16 Black Holes

16.1 Light Trapping and No Escape

At 7, = 2GM/c?, the spatial flow velocity equals ¢ [4]. Inside, space flows inward faster
than photons can propagate outward:

Viow(r < Ts) > ¢ = mno outward-directed null geodesic escapes. (30)

Light is not pulled by a force; the substrate it rides falls superluminally.



16.2 Hawking Radiation and Information Conservation

The extreme flow gradient shears relational structure, creating particle pairs [30]. The
escaping member carries relational information [31, 32]:

hc? kgc®A

T = —-—--- = ]_
0= SrGMkg’ S (31)

A4Gh -

Information is never lost—comparison content |C| is conserved globally. Infalling infor-
mation is re-emitted (scrambled) in Hawking radiation, consistent with unitarity and the
Page curve.

17 The Cyclical Singularity

PTT predicts: (1) Singularity (single point). (2) Big Bang (bifurcation cascade). (3) Ex-
pansion (I'gen > T'cons). (4) Heat death (all M — photons). (5) Final particle: all energy
in one point, £ — oo, Axiom [I| violated. (6) Restart: unstable decay — new cycle.
Related to Penrose CCC [33], Steinhardt-Turok [34]:

Mtotal

_ . 32
mprApTI ( )

Tcycle ~

The CMB [35] is the thermal relic of the first comparison epoch. Anisotropies (AT /T ~
1075) are quantum fluctuations in initial relational operations.
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Figure 4: The cyclical singularity. Five epochs color-coded by dominant physics.
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18 Comparison with Established Physics

Table 1: PTI vs. standard physics across all major phenomena.

Phenomenon Standard PTI Cat.
Gravity Curvature Spatial flow (equiv. GR) A
Mass Higgs coupling Spatial coupling B
Photon m=0 No Higgs coupling No spatial interaction A
Entanglement  Nonlocal Null-frame locality B
Dark matter Particles Relational nonlinearity C
Dark energy A Spatial overproduction B
Arrow of time  Initial conditions Comparison irreversibility B
Color confine- QCD dynamics 3D <« 3 colors C
ment

Black holes Singularity Superluminal flow A
Info. paradox  Unresolved |C| conservation C
Tunneling WKB WKB + o¢ correction C
Double-slit Complementarity Null-frame path sum B

Categories: A = already confirmed (equivalent to known results), B = novel reinterpre-
tation, C = novel prediction.

19 Applications and Practical Uses

19.1 Microelectronics
19.1.1 Gate-Oxide Tunneling Suppression

As transistors shrink below 3 nm, tunneling leakage dominates [36]. PTI’s comparison-
chain disorder o¢ (Eq. suggests selecting gate dielectrics for maximum amorphous
disorder, not just band gap. Test: crystalline vs. amorphous MOS capacitors at identical
thickness should show anomalous leakage suppression in the amorphous sample.

19.1.2 Interconnect Routing
Signal delay depends on comparison-chain distance dc(A, B) = [ pe dl [37], not just RC

delay. Place-and-route algorithms should weight by d¢: favor large-grain copper (low o¢)
and avoid high-disorder via transitions.

19.1.3 Optical Interconnects

PTI explains why optical interconnects fundamentally outperform electrical: photons
incur no & — 7 conversion overhead. The crossover distance shortens in comparison-
chain-dense regions. PTI predicts the energy ratio: Eejec/Eopt = 1 + acpcL.

19.1.4 Clock Synchronization

Clock skew has a PTI component from comparison-chain density variation: Atpp; =
¢ 2 [ dpc dl. Equalizing substrate composition along clock trees reduces this.

11



19.2 Quantum Computing
19.2.1 Qubit Architecture

Entanglement fidelity depends on comparison-chain distance (Section , not physical
distance. Qubit placement should minimize comparison-chain interference. Materials
with low pe (vacuum gaps, low-Z substrates) provide better comparison-chain isolation.

19.2.2 Decoherence Shielding

PTI decoherence rate: [gee = To - (08 /p3%) - Ajntertace [38]. Surround qubits with low-pe
enclosures—consistent with empirical success of suspended nanowire architectures.

19.2.3 Error Correction

Comparison-chain topology provides a physical basis for topological error correction.
Codes modeled on comparison-chain connectivity may outperform geometric codes.

19.3 Navigation and Measurement
19.3.1 PTI-Enhanced Gravimetry

If gravity is spatial consumption, local vacuum permittivity varies near massive objects:
Agg /ey = —aprt GM/(rc?). MEMS resonators in varying gravitational fields could detect
this beyond GR time-dilation predictions.

19.3.2 GPS and Timing

Standard GPS corrects for GR time dilation. PTT predicts an additional correction from
comparison-chain density along the signal path. Satellite-to-ground clock comparisons at
10~ fractional accuracy could detect this.

19.3.3 Inertial Navigation

PTI suggests accelerometers based on comparison-chain disruption could provide absolute
(non-drifting) inertial references, complementing gyroscopes.

19.4 Deep-Space Travel: The PTI Warning

Speculative Extension: Deep-Space Travel Hazard

PTI predicts that travel through deep empty space at near-c velocities may be
hazardous for a reason not captured by standard physics. In a region devoid of
massive particles, the comparison-chain density pe drops dramatically. A spacecraft
at high velocity through such a region experiences:

1. Comparison-chain starvation. The ship’s massive particles require con-
tinuous S — T conversion to exist. In regions of sparse pc, this process may
become inefficient, producing anomalous effects on material stability.

2. Frame isolation. At near-c, the ship’s reference frame diverges sharply

12



from any anchoring massive structure. MPoV implies that communication
and even physical consistency with the “home” frame may degrade.

3. Spatial depletion wake. A massive object consuming space at high velocity
leaves a depleted wake. At near-c, the object’s spatial consumption rate ap-
proaches its forward spatial encounter rate, potentially creating a cavitation-
like instability:

r
©® 51 asv-—c => spatial starvation. (33)
4mr2v

This suggests that sustained near-c travel through deep voids may cause structural
degradation of the spacecraft and its occupants—a “relational evaporation” effect.
Safer routes would maintain proximity to mass distributions (following galactic
filaments rather than crossing voids).

19.5 Grayvitational Engineering

Speculative Extension

If the S — T conversion rate could be modulated—accelerated, decelerated, or
reversed—the local gravitational field would change. Space production (negative
conversion) would create repulsion. Energy scales are extreme (~ mpc® ~ 101 GeV
per Planck volume), but PTT provides the theoretical target. Any process altering
dS/dr at a location changes g, at that location.

19.6 Information Theory and Computing

Comparison-content conservation (|Cliora = const) provides a physical basis for informa-
tion conservation. Landauer’s limit [39] (kg7 In2) remains binding over the PTI energy
floor (~ 1072 J at current scales). At cryogenic temperatures, the PTT floor may become
the binding constraint for heavy-carrier devices.

20 Discussion and Open Questions

PTT organizes six established research programs into a single framework: causal sets [§],
Jacobson’s thermodynamic gravity [5], Van Raamsdonk’s entanglement-geometry [9], the
river model [4], relational QM [6], and ER=EPR [21].

Open questions: (a) Derive 3-dimensionality from comparison algebra. (b) Rigorize
SU(3)/SO(3) correspondence. (¢) Compute dark matter rotation curves. (d) Derive
Standard Model Lagrangian from relational dynamics. (e) Quantify deep-space cavitation
threshold.

21 Conclusion

Polarized Time Inertia proposes the universe as a self-referential relational engine gov-
erned by three laws: Emergence, Interaction, and Perspective. Time is primitive; space
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emerges from entangled temporal relations; energy from condensed space-time; mass
from bound energy triplets. Gravity is the inward flow of spatial degrees of freedom—
mathematically equivalent to GR, physically amenable to quantization. The Engine
of the Present operates at the Planck scale, consuming space and emitting time. The
Many Points of View interpretation resolves quantum measurement without parallel uni-
verses. The cyclical singularity model provides a self-consistent cosmology. Applications
span microelectronics, quantum computing, navigation, deep-space mission planning, and
gravitational engineering. A companion document details 19 experimental tests with fal-
sification criteria. All speculative extensions are explicitly labeled; all established-physics
connections are cited.
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A Equation Reference with LaTeX Source

All principal equations with their LaTeX source (in brackets) for publisher use:

Name Equation LaTeX

Relational Existence Jr < Jy: I[(z,y) # 2 \exists x \Leftrightarrow \exists y: I(x,y)\neq\varnothing
Hierarchy TRXT —S \mathcal{T}\otimes\mathcal{T}\to\mathcal{S}

Frame Decomposition Pn(R)=Pn R \Phi_{\mathfrak{R}}(\mathcal{R}) = P_{\mathfrak{R}} \cdot
Spatial Flow v=+/2GM/r v = \sqrt{2GM/r}

Newton Recovery a=—-GM/r? a = -GM/r"2

Null Geodesic ds? =0 ds~2 = 0

Tunneling (PTI) P = Pygpe~&cc P_{\text{WKB}} e~{-\xi_\Cop \bar\sigma_\Cop}

Entropy dS/dt > kpN/tp dS/dt \geq k_B N/t_P

Dark Energy dV/dt = Tgen — T'cons dv/dt = \Gamma_{\text{gen}} - \Gamma_{\text{cons}}

B Derivation: Newtonian Limit
From continuity: 47r?v = [y, With v = \/2GM /r:

a=vow=—-GM/r* (Newton from spatial flow.) (34)
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