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Abstract

This paper introduces the Physical-Temporal Framework, a novel approach to understanding the fundamental
structure of reality. It redefines the nature of dimensions, proposing the Physical dimension as a unified spatial
construct and the Temporal dimension as a second fundamental axis. The Information Propagation Substrate (IPS)
is the convergence between these two dimensions, representing both quantum mechanics, and classical physics.
This framework provides new insights into gravitational phenomena, quantum behaviors, and the interplay of
entropy and complexity.

It attempts to bridge the divide between quantum and classical physics by introducing Frame shifting as an
alternative view of classical entropy mechanics. With entropic forces (or resistance) increasing with each Planck-
length propagation, the Physical-Temporal framework explains how fundamental motion arises from discrete
Planck time intervals. Because it quantizes motion this way, it also gives rise to emergent gravity and spatial
curvature.

This paper is organized into sections that introduce the framework’s core concepts, quantifies each aspect within
the Framework, details the mathematical foundations, Compares and contrasts this framework to other notable
theories, a list of limitations and future work will be followed by the final conclusion.

Introduction

Modern physics typically treats space and time as a smooth, four-dimensional continuum. In contrast, the Physical-
Temporal Framework (PTF) proposes that what we perceive as three-dimensional space and one-dimensional time
actually emerge from a deeper two-dimensional foundation. This foundation consists of a single Physical
Dimension (a unified spatial lattice at the Planck scale) and an orthogonal Temporal Dimension composed of
discrete instants. Rather than existing as independent and continuous entities, space and time in this model are
interdependent facets of a Planck-scale information substrate. Through this lens, familiar phenomena — from the
motion of planets to the superposition of quantum particles — arise from the interplay of a static spatial lattice with
a ticking cosmic clock. The goal of this framework is to provide a common conceptual ground for quantum and
classical physics by redefining the meaning of “dimensions” at the most fundamental level.



Unified Physical Dimension

In PTF, all of space is represented as a single, unified physical dimension at the Planck length scale (approximately
1.6 x 10735m). In effect, space is envisioned as a rigid Planck Lattice: a grid of indivisible cells each one Planck-
length in size. This lattice is static and has no internal degrees of freedom — its cells do not slide past one another or
deform. Unlike the traditional view of space having three separate axes (length, width, height) along which
movement can occur, here those familiar directions are merely different orientations of the same underlying lattice.
The Physical Dimension is thus like a fixed scaffold underlying reality.

Despite this single-dimension construction, our everyday experience of three-dimensional space is preserved as an
emergent effect. The apparent X, Y, and Z directions correspond to patterns of how information or energy travels
through the lattice, rather than independent fundamental axes. In essence, repeated interactions at the Planck scale
create the illusion of three perpendicular directions, even though the lattice itself has no built-in “horizontal” or
“vertical.” Once can imagine that at microscopic scales the lattice interactions are uniform in all directions, but
when we zoom out, the cumulative effect of countless tiny propagation steps mimics the existence of distinct
spatial axes. Thus, the familiar 3D geometry of space is interpreted as a coarse-grained outcome of a deeper 1D
structure.

Crucially, nothing can move or change position within this Physical Dimension on its own. The Lattice by itself is
like a frozen backdrop, and an object cannot slide from one cell to another unless something else intervenes. This
means space by itself cannot account for motion or dynamics — time must step in to do that. The notion that there is
“no motion without time” is a cornerstone of the framework: the Physical Dimension provides the stage (all
possible locations), but it takes the Temporal Dimension to make anything happen on that stage.

Viewing space as a single locked substrate also reshapes how we interpret physical phenomena. Because the lattice
does not evolve or flex, effects like gravity and inertia are not attributed to space itself bending or objects freely
moving through a void; instead, they emerge from the cumulative result of many discrete propagation events on the
lattice. For example, rather than thinking of gravity as curvature of spacetime, this framework explains
gravitational attraction as the tendency for information/energy to cluster on the lattice over successive updates. An
object’s inertia (resistance to acceleration) likewise isn’t due to some innate property of continuous space, but due
to the object’s information needing to repeatedly propagate through the fixed lattice, encountering resistance with
each update. At large scales, after sufficient coarse-graining (averaging over many tiny events), these effects
reproduce the familiar three-dimensional behavior we observe, even though their origin is fundamentally different.

By consolidating the three spatial axes into one static Physical Dimension, the framework provides a common
physical backdrop for both quantum and classical regimes. At extremely small scales (quantum regime), the lattice
underpins phenomena such as motion, since a particle’s information has to transfer to an adjacent cell in a lockstep
manor before continuing on. At large scales (classical regime), the rapid, repeated updates of the lattice give rise to
the appearance of smooth 3D motion and persistent gravitational fields. In sum, the familiar “three-dimensionality”
of space is reinterpreted as an emergent property of a single, unchanging Physical Dimension coupled with discrete
temporal updates. This shift in perspective lays the groundwork for understanding how quantum coherence
transitions into classical behavior, and how gravity and spatial curvature can arise from Planck-scale interactions,
without requiring multiple independent spatial coordinates.



Discrete Temporal Dimension

Time in the Physical-Temporal Framework is treated as the second fundamental dimension, but unlike the
continuous flowing time of everyday experience, it comes in indivisible chunks. Specifically, PTF posits that time
advances in discrete Planck-time ticks of about 5.39 x10~** seconds. Each tick represents a fundamental
“moment” after which the universe’s state can update. Between ticks, no change happens — time does not flow
continuously but jumps from one state to the next. In this framework, the Temporal Dimension serves as the only
true driver of change in the universe. With space itself static, nothing can happen unless time “kicks” the system
forward. Think of time as a cosmic clock that ticks at the Planck scale: at each tick, all physical quantities have the
opportunity to evolve or move to new positions. If the clock stopped, the lattice would remain frozen, and no
physical process could occur. Thus, the passage of each Planck-time interval is essentially a universal update event
that advances all motion and change.

Rather than a smooth flow, time’s discrete nature means the universe updates in a rapid staccato rhythm. During
each tiny interval, information (energy, matter, fields) is redistributed across the static lattice, effectively refreshing
the state of the system. We can liken each tick to advancing a single frame in a film reel: between frames nothing
changes, but with each new frame the scene can shift slightly. The illusion of continuous motion is produced when
these frames play in quick succession. In PTF, each Planck-time “frame” is a new configuration of the lattice,
slightly evolved from the previous one. This mechanism provides a straightforward way to model motion and
dynamics, since nothing can change unless a Planck-time increment occurs. A particle doesn’t slide through space
continuously; instead, it occupies a cell at one tick and a neighboring cell at the next tick, and so on, creating the
appearance of a smooth trajectory when viewed at large scale.

Because the Physical Dimension is static and has no built-in degrees of freedom, the Temporal Dimension is the
sole engine for dynamics; every shift in an objects position, every quantum transition, every force enacted is a
result of a Planck-time “tick” that updates the lattice and propagates information from one cell to the next. In this
sense, the flow of time activates the spatial lattice: a frozen three-dimensional snapshot becomes the next snapshot,
and the difference between them is what we interpret as motion or change. Without the next tick of time, physical
evolution halts. This idea recasts time as a sequence of actions rather than a continuous background parameter.

One profound consequence of quantizing time is how it naturally introduces entropy and decoherence into the
system. Each discrete tick carries a tiny “entropic cost,” a built-in imperfection or uncertainty in how information
is redistributed. Over many ticks, these small uncertainties can accumulate. For a small, simple system (say an
isolated electron), the buildup of entropy is minimal over short durations, so the system can maintain quantum
coherence (like a stable superposition or entangled state) across many time steps. However, for larger or more
complex systems, the cumulative entropy eventually overwhelms their ability to remain in a delicate quantum state.
In other words, as time progresses, it becomes progressively harder for a big system to keep all of its information in
a neat quantum phase alignment: beyond a certain point, quantum superposition collapse into definite classical
outcomes.

This entropic cost, or resistance, is an easy concept to conceptualize however the energy required for discrete
quantum information propagation is a little harder to understand. In our Physical-Temporal framework, this energy
explicitly originates from the discrepancy between the calculated cosmological constant (from standard vacuum
energy calculations) and observed cosmological constant (cosmological measurements). This identified
cosmological-constant differential serves as a continuous, intrinsic energy reservoir — providing the fundamental
basis for discrete entropy generation and decoherence at the Planck scale while also introducing the mechanism of



heat-bath’s at higher scales. Thus, our model provides a fundamental and observationally supported origin for the
thermal equilibrium environment that underpins quantum interactions.

In the language of the framework, each system effectively carries an entropy “budget” that gets spent as time
updates occur. Once the growing entropic noise exceeds the system’s capacity to stay coherent, a qualitative change
happens. This is described as a reference-frame shift: before that point, the system’s evolution can be described in
the Object:Lattice frame (from the quantum perspective, where it had multiple potential states), but after exceeding
the threshold, the system transitions into the Object:Object frame (the classical perspective, where it behaves as if
it has one definite state). We will elaborate on these dual frames shortly. The key point for now is that time’s
discretization provides a built-in mechanism for the quantum-to-classical transition: given enough ticks, even a
quantum system will decohere into classical behavior. This offers an intuitive reason why macroscopic objects
don’t display quantum weirdness — there have been so many Planck-time updates that any initial coherence has
been lost.

Although time is composed of indivisible instants, macroscopic observers perceive an almost continuous flow. The
Planck-time interval is so incredibly small that on human timescales (or even nanosecond scales) these ticks are
essentially invisible. A vast number of them occur in the blink of an eye, and their discrete nature is smoothed out
by our limited resolution. This coarse-graining of time’s microscopic “clicks” is why we experience time as a
steady progression. Nonetheless, according to PTF the true underpinning of that smooth experience is a sequence
of tiny jumps. In sum, the Temporal Dimension in this framework is a quantized, discrete driver of change that,
when viewed from afar, appears continuous. It is by this sequence of incremental updates that the static spatial
lattice comes to life, enabling both the gentle flow of classical dynamics and the subtle flicker of quantum
behavior.

Information Propagation Substrate (IPS)

Having established a static spatial lattice and a discrete ticking time, we now ask: how does the state of the lattice
get updated from one tick to the next? The Information Propagation Substrate (IPS) is introduced to answer this
question. The IPS is essentially the mechanism or rule-set by which information and energy are transported across
the Physical Dimension when time advances. It provides the mathematical and conceptual framework that links the
single, static spatial lattice with the sequence of time instants. In effect, the IPS ensures that with each discrete
moment of time, the configuration of the lattice changes in a physically meaningful way. Without the IPS, the
lattice would remain the same at every tick; with the IPS, each tick produces a new distribution of information
(matter, energy) over the lattice.

In concrete terms, the IPS dictates how each Planck-scale cell of the lattice exchanges content with its neighbors at
every time step. If the Physical Dimension is the state and the Temporal Dimension is the ticking clock, the IPS is
the script that tells the actors how to move. It governs how a particle’s information shifts from one cell to the
adjacent cell, how fields propagate, and how interactions spread through the lattice. For example, if a particle
should drift to the right due to its momentum, the IPS will, at the next tick, move the particle’s information one cell
to the right. If two particles exert a force on each other, the IPS will adjust their information distribution across
neighboring cells accordingly when time advances. In this way, the IPS is the engine of all physical phenomena in
the framework — it drives everything from the motion of a baseball to the interference of a photon.

An intuitive analogy is to imagine an old-fashioned flipbook animation. The Physical Dimension provides the
static pictures (each “page” is a frozen lattice configuration), and the Temporal Dimension provides the flipping of
pages (the progression of instants). The IPS is like the animator’s hand that makes sure each successive page
differs slightly in the right way — so that when the pages flip, we see a coherent animation. Each Planck-time tick is



like turning to the next page of the cosmic flipbook: by itself the next page is just a static image, but the IPS
guarantees that it’s a sensible continuation of the previous page.

As a result, flipping through the pages quickly (tick after tick of time) produces the continuous story of physical
events. Without the IPS, those static pages would have no narrative linking them; with the IPS, the story of the

universe unfolds frame by frame. In short, the IPS bridges the gap between space and time by ensuring that each
tick triggers the appropriate redistribution of information on the lattice, i.e. the changes that constitute dynamics.

Because of this role, the IPS underlies all observable phenomena in PTF. A static lattice plus ticking clock could
still, in principle, do nothing; it’s the IPS’s rules that produce motion, forces, and fields. At the quantum level, the
IPS could send a particle’s information into a superposition across multiple neighboring cells although, this would
have devastating effects to subsequent “pages”. This will be specifically addressed later in the paper. On the
classical level, the IPS causes a concentration of energy in the lattice to act as a source of attraction for other
concentrations, manifesting as gravity over many ticks.

The same substrate and rules that allow a photon to exhibit wavelike spreading will, after many interactions, cause
dozens of other particles to cluster and behave like a single massive object. In this way, how information
propagates is the root cause of physical laws in this framework. Quantum mechanics and classical mechanics are
not separate pillars but rather different regimes of the same propagation process: rapid, fine-scale updates yield
quantum behavior, while aggregated outcomes of countless updates yield classical behavior.

A defining feature of this framework is its use of two complementary reference frames when describing that
propagation: one frame appropriate to an object on the quantum scale and one for an object on the classical scale.
Importantly, each reference frame considers itself to be fully “collapsed” or definite, while viewing the other frame
as the one in which states are spread out or uncertain. This mutual perspectival shift is crucial for reconciling
quantum and classical views. In essence, the framework says that what is quantum or classical is not absolute — it
depends on the frame from which you observe. This situation is analogous to special relativity: each observer
thinks their own clock is normal and the other’s is running slow. Here, each scale’s observer (or reference frame)
regards itself as normal (having well-defined properties) and the other as having the weird superpositions or
probabilistic states. We next describe these two frames, dubbed Object:Lattice and Object:Object, and how the
world looks from each.

Object:Lattice Frame (Quantum Perspective)

Consider the viewpoint of an individual quantum entity (e.g. a particle) embedded in the lattice. In the
Object:Lattice reference frame, such an entity perceives itself as already “decohered” to a specific location. In
plainer terms, the quantum particle feels that it has a definite position on the lattice and is not smeared out as a
probability wave. It experience no internal superposition of being in multiple places; any uncertainty or spread is
something it attributes to the external world beyond itself.

Because of this self-localized view, when multiple quantum particles are near each other on the lattice, each
particle sees both itself and its neighbors as concentrated packets of energy in particular cells. Several particles
occupying adjacent cells will thus appear as a clump of energy/information in space from this vantage point. These
clumps are essentially nascent matter distributions. The quantum frame doesn’t call them “gravity,” but it does
notice that clustered particles tend to stay together or attract more particles over successive ticks (since energy
gradients even out over time). In effect, at the microscopic level the particle experiences a kind of proto-gravity:
localized lumps of energy naturally lead to further clustering, as governed by entropic and energetic rules at the
Planck scale.



From the Object:Lattice viewpoint, larger structures — say, a big measuring apparatus or a planet (Pluto) — are not
sharply defined objects; they are part of the environment that has many possible states relative to the small particle.
To the tiny quantum system, those macroscopic objects seem to have no single definite configuration until
interaction forces a choice. In other words, the quantum frame regards the macroscopic world as the realm of
superposition and indefiniteness. This is the inverse of the usual narrative (where we, as macroscopic beings, think
the quantum is indefinite).

Here the quantum “observer” or “occupant” sees itself as definite and the external, large-scale things as unresolved.
However, this situation can only last while the quantum system remains sufficiently isolated and low in
mass/energy. With each tick of time, as the particle’s state is updated, a bit of entropy is added to its description.
Eventually, if enough ticks pass or the particle becomes sufficiently entangled with many others, a tipping point is
reached. At this entropic threshold, the Object:Lattice description breaks down and the particle’s perspective must
transition to maintain consistency. In practical terms, the quantum object that once saw itself as the center of its
small definite world now “realizes” it is part of a bigger, classical world. The reference frame shifts to
Object:Object, and the clumps of energy that the particle occupied is now viewed (from this new frame) as a
macroscopic mass with a definite position and gravitational influence. What was a quantum occupant’s private
reality, becomes just one classical object among many.

Object:Object Frame (Classical Perspective)

Now consider the perspective of a macroscopic observer or object — this is the Object:Object reference frame. In
the classical-scale frame, everything large and tangible appears well-localized and definite. A laboratory apparatus,
a cat in a box, or a sad little planet; all have specific positions, velocities, and states. From this vantage, there is no
question of a superposition for these big things: each object is found in one state at a time, and classical physics
applies. The classical frame essentially takes for granted that “collapse” has happened for macroscopic systems —
they are what they are, with no visible quantum ambiguity in their properties.

However, when the classical frame looks downward at the microscopic domain, it perceives all the hallmark signs
of quantum behavior. Small particles — photons, electrons, atoms, even the fine-grained cells of the lattice itself —
appear to be in hazy, multiple-option states until they interact or are measured. In this frame, it is the quantum
systems that carry the uncertainty. An electron might be here or there until observed; a photon seems to go through
both slits until detected. The classical observer thus attributes coherence or superposition to the small scale,
viewing it as the realm where definite outcomes have not yet emerged. This viewpoint is the mirror image of the
Object:Lattice frame’s perspective: each frame sees the other as the one inhabited by ghostly overlaps of
possibility.

Crucially, what the classical frame interprets as gravity is nothing other than the clustering of quantum information
that the quantum frame described. By the time a quantum lump of energy/information (formed by many particles
gathering on the lattice) is viewed from the outside, classical perspective, it appears as a concentrated mass
producing a gravitational pull. Thus, a phenomenon that was “just a bunch of particles hanging together” in the
quantum frame becomes “a massive object with gravity” in the classical frame. Similarly, an event of “quantum
clustering” translates into “curved space” or gravitational attraction when seen classically.

When a measurement or interaction occurs between the two domains — for example, a scientist (Einstein) measures
an electron (dice) — it effectively forces a convergence of vantages. The measurement compels the quantum system
and the classical apparatus to adopt a definite state relative to each other, aligning the quantum frame’s reality with
the classical frame’s expectations. In PTF terms, the act of measurement is when both, quantum and classical
frames, relinquishes their separate views and both share a single frame for that interaction. The electron, which
from its own frame always had a definite position, now has that position confirmed in the laboratory frame as well.



After the interaction, both frames agree on a single, classical outcome. There was no singular “objective” collapse
from all perspectives; rather, one frame’s indefinite state was brought into alignment with the other’s definiteness.
Each frame remains internally consistent, but measurement makes them consistent with each other.

Key Implications

1. No Universal Perspective of “Collapse”: There is no single vantage point from which all systems appear
quantum or all appear classical. In this framework, “collapsed” or “decohered” is a frame-dependent
concept. Each reference frame sees itself as definite and places any unresolved superposition onto the
“other” domain. What looks like a concrete reality in one frame might look like a smear of possibilities in
another. Thus, quantum uncertainty and classical definiteness are not absolute qualities of a system, but
relative statements about the relationship between observer (or frame) and system.

2. Measurement as Frame Shift: An act of measurement can be understood as a shift in reference frame
rather than a mysterious physical collapse of the wavefunction. For example, when a macroscopic detector
(Object:Object frame) measures a quantum particle (Object:Lattice frame), the interaction makes the
particle’s description shift into alignment with the detector’s frame of reference. From the detector’s
perspective, it’s as if the particle’s wavefunction “collapsed”. From the particle’s own (hypothetical)
perspective, the large detector was the system in superposition that has now become definite. PTF allows
both descriptions: the measurement is essentially the two frames resolving into one shared frame (the
classical frame), yielding a single outcome both agree on.

3. Entropic Decoherence Budget: The ability to maintain quantum coherence can be viewed as a finite
“entropy budget” that gets expended over time — and each frame accounts for this budget differently. In the
Object:Lattice view, a large-scale object has long since exhausted its budget (hence it appears classical),
whereas in the Object:Object view, it is the small particle that is slowly spending its budget of coherence
until decoherence occurs. Neither view is privileged; both reflect the same process from different sides.
Once the entropy budget is used up from either perspective, the system can no longer remain in the same
reference frame. This dual accounting explains why what one observer calls “collapsed,” another observer
might still consider “in superposition” — it depends on whose entropy ledger you reference.

4. Relativity of Quantum vs. Classical: What we label “quantum” versus “classical” is simply a matter of
scale and perspective in PTF. From inside its own scale (e.g. a quantum particle’s scale), every system looks
ordinary (definite), and it’s the other scale that looks strange. Thus, the quantum-classical divide is not a
fundamental cut in nature but an emergent distinction that arises from frame shifting. This relativistic view
of quantum/classical domains mean the framework intrinsically unifies phenomena across those domains —
they are governed by the same underlying lattice and time ticks, just observed at different granularities.

Propagation, Entropy, and Scale



The IPS governs information flow in a way that naturally distinguishes between light, small-scale quanta and
heavy, complex aggregations. Lower-mass particles can propagate across the lattice with relatively little resistance,
while more massive particles face greater entropic “friction” as they move. This provides an intuitive bridge
between quantum and classical behavior.

A photon, for instance, traverses many lattice cells with negligible entropy buildup — it can maintain a coherent
“wavefront” over vast distances. But a bowling ball, composed of 10%¢ atoms, accrues enormous entropy even
moving by one cell, meaning any quantum coherence within it is lost essentially instantaneously while still allows
its quantum constituents to still be classified as coherent (to the single atom the bowling ball is in superposition).
Over many Planck-time steps, if the resistance (entropy) overtakes the energy driving a system’s coherent
propagation, decoherence ensues. In this manner, the IPS encodes both the path and the cost of moving through
space.

The “cost” (in entropy) links microscopic quantum processes to macroscopic classical structure; it explains, for
example, why electrons can exhibit wave behavior across multiple lattice sites, whereas macroscopic objects
follow well-defined trajectories. As a system grows in mass or complexity, the cost of moving it quantum-
mechanically through the lattice becomes prohibitive — effectively enforcing classical behavior. This hierarchy of
propagation is a built-in feature of the framework, not an added assumption: it emerges from the cumulative effect
of discrete time updates on different scales of organization.

Observational Implications

e Emergent Gravity: Gravity is reinterpreted in this framework as an emergent phenomenon. In regions
where information clustering on the lattice is high, effective attractive “forces” appear as proto-gravity,
even at the quantum scale. By the time these clusters are viewed in the Object:Object frame, they manifest
as actual mass distributions producing gravitational fields. Unlike the other fundamental forces (which are
inbuilt interactions), gravity in PTF is a by-product of many information propagation events transitioning
from quantum clumping to classical mass. The more energy/matter lumps together (and the more frame
shifting has occurred to make it classical), the stronger the emergent gravitational pull. This offers a
conceptual origin for gravity distinct from General Relativity’s curvature of spacetime: here gravity is the
statistical tendency of information to cluster and draw in more information over time.

e Cosmic Expansion and “Dark Energy”: The framework also provides a novel angle on cosmic
expansion. If the lattice is static but can expand by the creation of new Planck-length cells, one can explain
an accelerating expansion in terms of information propagation dynamics. In low-density regions of the
universe (where propagation activity is low), the IPS allows new spatial cells to nucleate once surplus
energy accumulates beyond a threshold. This is described as the unspent energy for propagation
(cosmological differential) accumulating past the Planck energy volume. Essentially, if a part of space isn’t
“busy enough” passing information around, it slowly expands — new cells pop into existence to relieve the
energy tension. This mechanism would look like space itself swelling outward and could account for the
observed acceleration of cosmic expansion (commonly attributed to dark energy). What we call dark
energy may thus correspond to the rule “when propagation is insufficient, create new space.” As energy
tries to even out across the lattice, it can lead to extra cells being added in vast, sparse regions, pushing
galaxies further apart over time. This is a speculative but intriguing implication: cosmic expansion becomes
an entropy-driven effect of the lattice dynamics rather than requiring an unknown energy form.

¢ Quantum Phenomena at Macroscopic Scale: PTF clarifies why quantum effects usually vanish at large
scales but also hints at conditions under which they can persist. Since the framework ties coherence to the



amount of entropic resistance, a macroscopic system can exhibit quantum behavior if it can avoid or
counteract that resistance. For example, a superconducting circuit of a Bose-Einstein condensate achieves a
form of collective order that minimizes entropy production, effectively keeping a large number of particles
in lockstep through many time ticks. In PTF terms, such a system manages to stay, as a whole, in the
Object:Lattice frame for an extended period, so quantum properties (like zero electrical resistance or
coherent matter waves) become evident on a scale much larger than it should. This underscores that there is
no sharp size cutoff between quantum and classical — it’s a matter of whether the system’s information can
propagate without quickly tipping over the decoherence threshold. The framework naturally accommodates
these borderline cases by the same principles: they are simply systems that haven’t “burned through” their
coherence budget despite involving many particles, due to special low-entropy dynamics.

Overall, the Information Propagation Substrate stands at the heart of the Physical-Temporal Framework, enabling
the transition from a static spatial substrate plus discrete time intervals to the richly varied phenomena of quantum
mechanics and classical physics. It orchestrates both high-speed quantum propagation and slower emergent
classical dynamics within one unified picture. By viewing space as a fixed lattice and time as a sequence of ticks,
PTF provides a non-traditional yet rigorous way to understand how the universe builds its complexity. A single set
of first principles — discrete space, discrete time, and informational propagation — underlies reality across all scales,
offering fresh insights into gravity, quantum behavior, and the continuum of states in between. In the following
sections, we will quantify each aspect of this framework, show how these ideas connect with established physics,
and explore the implications for unifying our understanding of nature.

Quantification Overview

By treating space as a fixed Planck-scale lattice and time as a sequence of indivisible ticks, the Physical-Temporal
Framework translates its conceptual foundations into quantitative terms. A single set of first principles — a discrete
spatial lattice, quantized time steps, and informational propagation — underlies physical dynamics across all scales.
These principles provide a clear basis for measuring how complexity builds up in the universe and how familiar
phenomena (gravity, quantum coherence, classical motion) emerge. In what follows we develop a structured
quantification of the Planck-scale lattice and the discrete temporal update mechanism. This quantification will
connect the microscopic lattice dynamics to macroscopic observables, offering a bridge between quantum behavior
and classical physics while preserving rigorous mathematical consistency.

Planck-Scale Lattice and Effective Spacing

At the foundation of PTF is a static Planck-length lattice — a rigid scaffolding of indivisible cells, each on the order
of £L,~1.6x 1073> m. This unified Physical Dimension has no internal motion; cells do not slide or deform.
Instead, all spatial change arises from information moving across the lattice. When viewed on quantum scales (the
Object:Lattice frame, where an object is referenced to the lattice itself), the lattice appears as a fixed backdrop
supporting high-speed localization and movement of energy/information. However, on macroscopic scales after
decoherence (the Object:Object frame, where objects are referenced to each other), the fine lattice structure is not
directly observable.

Instead, the lattice assumes an effective coarse-grained character: it can be treated as a continuous space with an
emergent lattice spacing a.r, that averages over many Planck cells. Quantitatively, a.r represents the average



distance between coherent clusters of Planck cells in the decohered, classical regime. One way to define a, is

through an energy balance condition: for example, by equating the total zero-point energy in a region to the energy
required for information to propagate across that region.

If E, denotes the zero-point energy content of a single fundamental cell and E,,,, is the energy expended to
transport information across one cell, then requiring these to banance over a coarse region yields a characteristic
length .. In essence, this effective spacing links the microscopic lattice structure to macroscopic observables
like spatial curvature and energy density — regions of higher energy density or curvature correspond to a tighter
effective spacing, reflecting a denser clustering of information at the Planck scale.

By quantifying space in this way, the framework provides a scale-dependent description of distance: at the Planck
level distances are discrete L,, units, while at human scales space emerges as smooth with and underlying
granularity encoded by .. This approach ensures that classical continuity is recovered as an approximation,
without abandoning the discrete substructure.

Discrete Temporal Updates and Energy Dynamics

Time in this framework is the engine of change, advancing in discrete Planck-time ticks (Atp =~ 5.39 x 10~**s).
However, rather than treating each tick as an isolated, sharply defined event, we propose that these discrete updates
are subject to a coarse-graining process similar to the Planck lattice. Specifically, by averaging over a large number
(N) of consecutive Planck-time ticks, we define an effective continuous time interval (At = N - At,,) over which
microscopic fluctuations are smoothed out. This effective time coordinate enables a macroscopic description of
evolution that is consistent with Special Relativity.

Each tick represents a fundamental “moment” after which the universe’s state is refreshed. No physical change
occurs between ticks — the world effectively jJumps from one static configuration to the next with each quantum of
time. We quantify this Temporal Dimension by treating At,, as the unit of evolution in all dynamical equations. For
example, a continuous time derivative in an equation of motion (such as the Schrédinger equation) is replaced by a
finite difference over At,, yielding a discrete update rule. This means each Planck tick corresponds to an explicit
update of the system’s state (analogous to advancing a single frame in the flip book).

Crucially, every time-step carries and energy transfer that drives the evolution of the system. We denote by E,
the energy associated with one Planck-time interval of progression. This energy is drawn from the available
coherence energy (calculated from the cosmological constant) and is partially expended to overcome entropic
resistance at each step. In quantitative terms, we can imagine that each tick requires a minimum energy Egp¢ropy t0
surmount the entropic resistance introduced by that update.

Therefore, each Planck-time tick also carries an inherent energy contribution and a tiny entropic cost due to
irreversible processes at the microscopic level. When these contributions are aggregated over the coarse-grained
interval At, the total energy transfer becomes the sum of the individual tick contributions divided by At. This yields
an effective energy rate that governs the dynamics of the system at larger scales. In essence, although the
fundamental unit of time is extremely short, the temporal coarse graining produces a stable, emergent clock rate
that serves as the invariant time parameter in the effective theory.

The net energy per tick that goes into useful propagation is then E,,.o;, = Estep — Eentropy- AS 10Ng aS Eprop
remains positive, information and energy successfully propagate to update the lattice state. This forms a
“propagation budget” for each moment: the difference between available coherent energy and the entropic cost of
an update determines how far and how coherently the system can evolve in that tick. If there is surplus propagation



energy left after an update, it can be thought of as “recovered” by the system, ensuring continuous temporal
progression. This prevents the universe from stalling — in other words, it forestalls a zero-energy, static state by
continually converting available energy into motion and change.

Finally, to connect these rapid Planck-scale ticks to everyday durations, we introduce a scaling factor (often
denoted ©) that aggregates many Atp steps into one coarse-grained time unit. This scaling bridges the gap
between the ultra-fast, discrete ticking at the quantum level and the smooth flow of time we perceive at classical
scales. Through ©, the myriad of “staccato” updates translate into an emergent continuum of time, allowing the
discrete model to recover ordinary seconds, minutes, and hours when averaged over enormous numbers of ticks.

Coherence, Entropic Resistance, and Reference Frame Shifts

Each discrete temporal update carries a tiny entropic cost — a minuscule increase in disorder or lost information
about phase alignment. At a Planck-length scale, this cost E,;;,.y, is extremely small, so a single propagation step
(one tick, moving information to an adjacent cell) is almost perfectly efficient: the lattice updates with negligible
dissipation (chase-aligned, information-rich state) is largely preserved. This means a simple small system can
undergo many sequential Planck ticks and maintain its quantum state, accumulating structure or complexity over
time.

In PTF, the growth of complexity is quantitatively driven by
the excess of propagation energy over entropic cost at each
step. However, as more propagation steps accrue, these tiny
entropy costs add up. For a large or prolonged system, the
cumulative entropic resistance eventually becomes
significant. We define a coherence/decoherence threshold
when the total entropic energy expended reaches parity with
the available energy for propagation. At this threshold,
effectively Y Ecpntropy = X Eprop, the system can no longer
support its quantum phase-decoherent description. In
practical terms, this marks the transition from the
Object:Lattice (quantum-decoherent) frame to the
Object:Object (Classical-cohered) frame. Quantitatively, one
could characterize this transition by a coherence time t. (or
coherence length scale) beyond which quantum
superpositions statistically collapse into definite outcomes. ¢,
is determined by the competition between propagation energy
and entropic accumulation: higher available energy or lower
entropy per tick yields a longer t. whereas complex systems
with many interacting parts see a rapid rise in entropic cost,
yielding a shorter t.. When the threshold is crossed; a
reference frame shift occurs in the description of motion and
dynamics.

In the quantum (Object:Lattice) regime, the lattice was a fixed stage and the information (or “object occupant’)
moved relative to this stage. After decoherence, in the classical (Object:Object) regime, the perspective inverts:
now the information content (objective observer) appear relatively static with respect to each other, and the lattice



itself can be viewed as if it were moving or shifting in the background. This is a subtle but crucial interpretive shift.
It means that what we classically perceive as an object moving through space can be reinterpreted as the space
(lattice) rearranging under an object that has lost its quantum coherence. The underlying physics hasn’t changed —
the same discrete updates are occurring — but our frame of reference changes which aspect we call “stationary.”

discrete Planck Iattlce with time evolving in sharp Planck-time
ticks — this quantum reference frame is inherently background
dependent. Its dynamics explicitly reference the fixed,
underlying lattice structure however, by applying coarse graining
in both space (via mechanisms such as the lattice drift encoded in
aerr) and time (by averaging over many Planck-time ticks to
form an effective continuous universal time interval At or 7.5f),
the microscopic details are smoothed out. As a result, the
emergent classical reference frame no longer “sees” the preferred
discrete background and instead behaves as background

macroscopic scales. In essence, while the quantum regime |
remains tied to the fixed lattice, the coarse-grained classical
dynamics yield a description compatible with both Special and
General Relativity.

Mathematically, this frame shift is a coarse-graining transformation: the detailed, high-frequency motion of
information gets absorbed into an emergent, slow evolution of the effective lattice. As a consequence, time’s
symmetry also changes. In the coherent frame, time-reversal symmetry (T-symmetry) is largely intact — the
fundamental update rules do not forbid running backwards, since each tick is microscopically reversible in
principle when entropy costs are negligible. But once the system crosses into the decohered frame, the
accumulation of entropy makes backward evolution overwhelmingly improbable. Thus, an arrow of time emerges
where beyond the decoherence point, each tick effectively locks in the progression in one temporal direction. The
framework quantitatively explains why quantum processes can appear time-symmetric (reversible) for low-mass,
low-entropy systems, yet classical processes show irreversible behavior — not by altering fundamental laws, but by
the growing entropic bias in one direction of time’s flow.

In summary, by accounting for entropic resistance at each time interval, PTF provides a measured way to
determine when a system will shift from quantum propagation to classical inertia. This shift is not abrupt but a
gradual crossover where the mathematics smoothly transitions from a unitary, information-rich description to an
effectively dissipative, coarse-grained one as one moves across the defined threshold.

Dual dynamics in Coherent and Decohered Frames

Even after a reference frame shift, the mechanism of motion remains the same — discrete hops of information on
the lattice — but its expression appears different in the two regimes. We can quantify this difference in terms of two
characteristic velocities.

e Information Propagation Velocity (v,,,,) — the effective speed at which information or energy distributes
itself across the lattice at the Planck-time scale. In the coherent frame, vy, is extremely high, approaching
the fundamental light-speed limit. It reflects the near-instantaneous communication between neighboring



Planck cells at each tick, akin to a quantum propagation speed for the “occupant” of the lattice. (In many
ways this resembles a light-like or superfluid signal velocity through the underlying grid.)

e Lattice Drift Velocity (vgyr) — the emergent speed of the lattice’s reconfiguration as seen in the decohered
frame. Once we view the lattice as something that can move (post-decoherence), we assign vg;s; to
describe how fast the coarse-graned lattice effectively shifts under the now-statice objects. This drift is
extremely slow in comparison, reflecting the gradual, collective adjustments of the spatial substrate after
many ticks. It is a byproduct of averaging out the fast micro-motions into a slow background evolution.

We find vy, > vgrife in virtually all physical situations. In
Quantum-to-Classical Frame Shift fact, the disparity is so large that to an excellent
approximation, all observed motion is due to information
propagation — the lattice’s effective motion is negligible over

Quantum Classical short times. The relative velocity between these two processes
Reference COARSE Reference - - - -
Frame GRAINING Erama ultimately gives the classical motion we measure. For
= 7 example, an object moving at some ordinary speed v, ; (as
BACKGROUND- EFFECTIVELY measured by a laboratory observer) can be thought of as the
DEPENDENT ?ﬁggg;?ggﬁ- difference between the underlying propagation of information
PLANCK LORENTZ through the lattice and the tiny lattice drift: v,y ; = vyy0p —
el \ INVARIANT Vgarige iN the appropriate frame. Since v,,,.,,, is near light-speed

and vy, Is extremely small, v,;,; will be much closer to
Uprop fOr any attainable object speed.

In this way, the framework reconciles quantum and classical descriptions: a single fixed lattice supports both a
high-speed quantum information flow and a slow, emergent drift that accounts for classical inertia. Notable, this
approach yields measurable parameters for bridging the regimes. The effective lattice spacing a, introduced

earlier and the ratio vy, /vayrir, (Or difference v,,.,, — varire) are examples of quantities that could, in principle,
be related to experimental observables. For instance, deviations from perfect isotropy of subtle dispersion effects
might betray the existence of a, s, and a sudden change in an object’s inertial behavior might signal a crossing of

the decoherence threshold (a change in the frame, affecting vg,;s¢).

In developing the mathematical formulations, we ensure that standard physics is honored in each regime: the
discrete model reproduces inertial motion and Newtonian frames at the macro-scale, while at the micro-scale it
upholds quantum propagation laws. The formalism introduces appropriate gauge fields and uses covariant discrete
derivatives to preserve local symmetries during lattice updates. This guarantees, for example, that quantities like
spin are conserved and parallel-transported properly even as the reference frame shifts from quantum to classical.
In short, by distinguishing these two scales of motion and their associated parameters, PTF provides a consistent
quantitative picture of how one underlying reality can appear in two complementary ways.

Emergent Gravity and Planck-Length Creation

Within this unified quantification, even gravity and cosmological expansion find intuitive explanations as
emergent, quantifiable effects. In PTF, gravity is not build-in as a fundamental force but emerges from the
cumulative information dynamics on the lattice. As information propagates through the lattice tick by tick, it tends
to cluster energy and information content over time (because regions where propagation succeeds suppresses
expansion and can accumulate more structure). When many updates have occurred (and especially after a system
has decohered into the Object:Object frame), the framework predicts a tendency for energy to concentrate.



Therefor, it is effectively informational clustering which manifests as what we classically describe as gravitational
attraction.

One can associate an entropic potential or pressure that draws information together; since each propagation has a
small entropic cost, a collection of many interacting bits of information will evolve towards configurations that
minimize the total cost (clumping together can reduce the surface area for propagation, similar to a Bose Einstein
condensate so to speak, analogously to how gravity pulls masses together). The result is an emergent curvature in
the effective space and a force pulling masses together, consistent with gravity’s behavior.

Notably, this gravitational emergence grows stronger for larger systems: as an object’s size or complexity
increases, the cumulative entropic resistance it generates also increases, making the frame shift to classical
behavior more pronounced. Bigger objects not only decohere faster, but in doing so they experience and induce
greater clustering forces which aligns with the observation that more massive objects produce stronger gravity. Yet
throughout this process, the underlying information propagation law remains the same; gravity is a large-scale
shadow of countless Planck-scale updates rather than a separate interaction. We can thus quantify gravity in PTF
by relating it to information density and flow, such as an emergent gravitational field could be defined proportional
to gradients in the information distribution that arise over many ticks.

Likewise, the framework offers a quantitative basis for cosmic expansion through Planck-length creation. Although
the lattice is static in structure, new Planck-length cells can be introduced when local conditions demand.
Specifically, if a region of the lattice has too little propagation activity (meaning information is not spreading out
fast enough to use up available energy), that latent energy accumulates. Once a threshold is exceeded, the model
allows a Planck-Length local isotropic nucleation: essentially the lattice expands by one cell in that region to
accommaodate the excess energy. So, when the local energy density pz exceeds a critical value, a new cell is added,
increasing the volume.

This mechanism provides a natural explanation for gradual spatial expansion — on cosmological scales, many such
microscopic expansion events compounded over time would appear as the universe expanding. It also contributes
to what in general relativity would be seen as spatial curvature; high unused energy concentrated in a small region
effectively “creates new space” until the energy density is diluted through propagation, much as in GR mass-
energy curves space. Conversely, in regions with frequent propagation (active information flow), any incipient
creation of new cells is suppressed — the energy is continuously being used to update the lattice states rather than
spawning new volume. This dynamic balance keeps the fabric of space homogeneous on large scales, while still
permitting overall expansion when there is a global propagation shortfall (as in the early universe or in runaway
expansion scenarios).

Both gravity and expansion, in this view, are emergent phenomena grounded in the same quantitative rules: they
arise from the interplay of propagation energy, entropic resistance, and the lattice’s capacity to adapt (either by
clustering information or by enlarging).

Unifying Physical and Informational Principles Across Scales

Across all these qualifications, the Physical-Temporal Framework maintains a clear through-line: the universe runs
on one core algorithm — discrete time updates distributing information on a fixed space — and everything else, from
guantum superposition to classical gravity, follows from this algorithm when viewed at the appropriate scale. We
have cast both spatial and temporal dimensions in quantized terms and introduced parameters (. sz, Atp, Ecntropy
etc.) that makes this picture mathematically precise. These parameters govern the transition between quantum and
classical regimes.



When the scales are such that coherence dominates entropy (small systems or short times), our quantifications
leads to the equations of quantum mechanics with unitary, reversible evolution. When entropy accumulates and
dominates (large systems or long times), the same quantification smoothly transforms into equations capturing
classical behavior, irreversibility (an arrow of time), and emergent forces like gravity. The framework thereby
unifies physical and informational principles: conservation laws, inertia, and even relativity emerge from the
statistical behavior of information propagation at the Planck scale, while quantum laws emerge as the special low-
entropy limit. This unified perspective is achieved without sacrificing scientific precision — we remain within a
rigorous Lagrangian/Hamiltonian formulations, simply with modified terms reflecting the lattice and time-step
structure.

All the quantitative concepts described (discrete lattice motion, entropic thresholds, frame shifts, etc.) can be
expressed in exact equations. In the subsequent section, we translate these quantifications into a concrete set of
four equations. Here, the variables and relationships introduced will take on specific mathematical forms (e.qg. field
equations for information density, terms for entropic cost and coherence energy, and conditions for cell creation).
This lays the foundation for predictive calculations, allowing us to verify how the physical-Temporal framework
reproduces known physics and potentially distinguishes itself in new regimes. By formally encoding the Planck-
scale dynamics and their coarse-grained limits, we solidify the bridge between quantum information processes and
classical spacetime phenomena — fulfilling the promise of a cohesive, scale-spanning description of nature.

Mathematical Equations and Foundations

Introduction to the Modeling Framework

The Physical-Temporal Framework is formalized by a set of four foundational equations that rigorously capture
discrete spacetime evolution and the interplay between quantum coherence and classical behavior. Each equation
corresponds to a key aspect of the model: the conservation and flow of information on a fixed lattice (discrete
spacetime updates), the conditions for nucleating new Planck-scale spatial cells, the growth of system complexity
under competing energetic influences, and a frame-shift criterion distinguishing local quantum vs. classical
regimes. In this section, we present each equation in turn, providing definitions of notation, outlining core
assumptions or derivations, and emphasizing physical intuition alongside mathematical consistency. These
equations were developed through A.l. assistance however, the underlying ideas were human conceptualizations.
The equations are numbered consecutively for reference, and later equations formally reference earlier ones where
their parameters or terms are interdependent.

A. Information Density Evolution (Discrete Update Equation)

Modeling Goal: Capture the discrete-time evolution of informational content on a spatial lattice in a
conservation-law form.

We begin by formulating the temporal evolution of the information density field as a continuity equation with
additional source and drift terms. Let I(x, t) denote the local information density at position x and time t
(analogous to an energy or probability density) and let J(x, t) be the corresponding information flux vector
describing the directed flow of information across the fixed lattice. e introduce a dimensionless weighting factor



¢(x,t) (with 0 < ¢ < 1) that represents the local propagation or occupancy probability — intuitively, ¢§ modulates
how readily information moves through each region (e.g., accounting for local capacity or propagation likelihood).
An emergent forcing field F(x, t) (with dimensions of a potential gradient or force density) is included to represent
any external or large-scale biasing of the flow (such as a gravitational or pressure gradient that directs information
movement). Finally, a source term S(x, t) (with coupling coefficient k) accounts for any local creation or removal
of information (such as injection from quantum fluctuations or removal via sinks). The evolution equation is then
written in continuity form as:

dl(x,t)

— =+ V- [0 )], ] ==V [, OF(x, )] +kS(xt)

Notation and Terms: In (1), % is the time derivative of the information density, and V - denotes the spatial

divergence operator acting on fluxes. The left-hand side of (1) 9.1 + V - [¢,]] — represents the net rate of change of
information in an infinitesimal region plus the outflow of information from that region. This form ensures local
conservation of information in the absence of external influences: if no forcing (F = 0) and no source (S = 0) are
present, (1) reducesto d.I + V - [¢p/] = 0, a standard continuity equation indicating that information is neither
created nor destroyed, only transported. On the right-hand side, the term —V - [¢, F] acts as an effective drift or
forcing term: {F} can be thought of as imparting a bias to the flux (similar to how an external field would push a
fluid’s flow or how a potential gradient drives particle current). The inclusion of ¢ with {F} ensures that the forcing
influence is also modulated by the local propagation capacity — for instance, in regions where ¢ is small (low
propensity for propagation), even a strong forcing field will have a limited effect on the flow. The last term

k S(x, t)is a source/sink term: a positive {S} injects information at a rate proportional to k while a negative S
depletes information (for example, S could represent coupling to an external reservoir or the overlap with a
quantum state that adds/removes information content). The coupling constant k has units chosen such that k, S has
the same dimension as the time derivative of I, ensuring dimensional consistency.

Derivation and Consistency: In this framework, space is modeled as a static lattice at the Planck scale, and time
advances only in discrete Planck-time increments. Despite these fundamentally discrete underpinnings, a coarse-
grained view over many tiny time steps naturally leads to a continuum equation describing the local behavior of an
“information density” field, I(x, t). Formally, this arises from two complementary approaches. First, by invoking
basic conservation principles, we recognize that if information is neither created nor destroyed within a given
region, then its temporal rate of change must balance the net flow (flux) of that information in or out. This
continuity requirement, when extended to allow an external forcing that can bias the flow and possible source or
sink term that can add or remove information, yields the PDE:

2+V-] = PF +xS,

where ] is the flux, ®F represents an emergent forcing (such as gravitational or entropic effects), and kS accounts
for net creation or removal of informational content. Second, a more formal derivation uses a Lagrangian
formulation in which the information density field couples to other fields (e.g., entropic resistance). Varying the
action with respect to I produces a continuity-like Euler-Lagrange equation whose additional terms align with the



physical forcing and source terms. It also yields a conservation-law equation, guaranteeing that information flow is
treated analogously to charge or mass continuity in classical field theory. The structure is deliberately reminiscent
of fluid dynamics and electromagnetism continuity equations, which provides physical intuition: information
moves through discrete lattice sites in a manner similar to a fluid, with ¢, J as the effective flux and —V - (¢F) as a
force-induced current (drift). This formalism encodes discrete spacetime evolution: each discrete time tick updates
I(x,t) and any creation or removal events (governed by S). Thus, (1) establishes a rigorous foundation for
information propagation on the Planck lattice, bridging microscopic reversible updates (when entropy and sources
are negligible) and macroscopic irreversible behavior (when sources/sinks and forcing accumulate over many
ticks). In the quantum limit of small regions and short times, d and k can be chosen to reproduce unitary, lossless
evolution (akin to the Schroédinger equation in a continuity form), whereas over long times with many interactions
the k term can accumulate irreversibly, aligning with classical diffusion or decay. In summary, Eq. (1) provides a
mathematically precise rule for updating the lattice state from one time step to the next, ensuring that informational
content is locally conserved apart from well-defined drift and source effects.

B. Planck-Scale Cell Creation Rate (Discrete Spacetime Expansion)

Modeling Goal: Quantify when and how new Planck-scale spatial cells emerge due to excess
energy/information, introducing a dynamic lattice expansion mechanism.

Next, we formalize the Planck-length creation rate, denoted R (x, t), which represents the instantaneous rate (or
probability per unit time) at which a new fundamental cell of space is “nucleated” at location x. This
phenomenological equation introduces a threshold criterion: only if the local information/energy density is
sufficiently high (beyond a certain threshold) and not already being expended in ongoing propagations will a new
cell form. Let U(x, t) be the available internal energy in the region (this could include localized excess energy,
zero-point vacuum energy, or any accumulated informational content that has not dissipated via propagation). We
define an effective energy threshold E,; (x, t) that must be exceeded for a new cell to be created. Crucially, E;, is
not a fixed constant; it increases with local activity, reflecting the idea that a “busy” region (with frequent
propagations of fluctuations) is less prone to sprout new independent cells. Specifically, we write

Eg(x,t) =Ey+ BN(x,t)

where E is a baseline vacuum energy required to nucleate a cell (the minimum energy in a quiescent region),

N (x, t) is a measure of the local propagation count or activity (e.g. the number of information propagation events
in that cell over a given recent time interval), and S is a positive constant quantifying how each propagation event
raises the threshold. Thus, 8, N serves as an entropic resistance term: repeated use of the region (high N)
effectively “stiffens” space, making it harder to create an additional cell (one can imagine that continuous
fluctuations tie up energy that could otherwise go into forming new structure). We also introduce a suppression
factor y (dimensionless) that will modulate the influence of N in the creation rate expression.

With these definitions, the creation rate R is modeled as follows: if the available anergy exceeds the threshold (U >
E:), a new cell can form at a rate proportional to the surplus U — E};,, but this rate is suppressed by any ongoing
high activity (large N) in that region. If U does not exceed E;;, no creation occurs (R = 0). We capture this
behavior with a piecewise-defined equation:



Ux,t)—Een(x,t)
R(x,t) = {Ecn(x)+yN(xt)’ U(x,t) > Ep(x,0),

0, Ux,t) < Egp(x, ),

where all quantities on the right-hand side are understood to be evaluated at the same location (x, t).

Notation and Interpretation: In (2), the numerator U — E}, is the energy surplus available for creation, while the
denominator E;;, + yN represents an effective cost that grows with local activity. The dimensionless parameter y
controls how strongly the propagation activity N quenches the creation rate. If y = 0, then R would simplify to
(U — E,/Ee for U > Ey, , meaning any surplus directly translates to new cell formation proportionally. A
positive y increases the denominator, especially when N is large, thereby reducing R; in other words, even if U is
above threshold, a very large N (very active region) can choke off cell creation by making the effective fraction
small. This reflects the physical intuition that in regions of space where information is rapidly propagating or
interacting, the energy is continuously being used to sustain those processes (high entropy production), leaving less
“free” energy to invest in tearing space and creating a new volume element. Conversely, in a relatively quiescent
region (low N), any build-up of U beyond the baseline E, has little suppression in the denominator, allowing R to
grow — meaning the framework predicts new Planck-length cells are more likely to nucleate in void-like regions
that quietly accumulate energy. The step-function behavior at U = E;; (modeled by the piecewise condition)
imposes a hard threshold: no creation occurs until the threshold is exceeded, ensuring mathematical stability and
reflecting a critical phenomenon (akin to needing a minimum energy to create a particle-antiparticle pair, or a seed
bubble in a phase transition). Once U just exceeds E;;, R grows from zero continuously (no discontinuity aside
from the derivative) and increases with the gap U — E;,. In the Object:Lattice perspective, time is fundamentally
discrete, so creation events occur with a probability per Planck (or coarse-grained) tick. In the Object:Object
perspective, by contrast, we may view creation as a continuous rate over intervals ., effectively multiplying by
1
Teff
explored further in forthcoming work.

to recover standard dimensional analysis. The explicit distinction between these two interpretations will be

Physical Consistency: Equation (2) is phenomenological but grounded in thermodynamic intuition. It ensures that
the discrete lattice can expand adaptively: low-entropy surplus energy pockets of effectively punch new “holes” in
space (new cells), whereas highly entropic, busy regions resist splitting. This mechanism ties the microscopic
informational dynamics to an emergent spacetime topology: it encodes a decoherence threshold for spacetime
itself. Notably, N as an integral over time of a function of | | or similar, so that Eq. (1)’s flux directly feeds into
Eq. (2)’s suppression. In that sense, Equation (2) complements Equation (1): while Eq. (1) describes redistribution
of information in the existing lattice, Eq. (2) describes the conditions under which the lattice itself grows to
accommodate excess energy. Together, they reflect a balance between using available energy to propagate within
the current space versus expanding the space to conserve energy. This term also provides a natural cutoff for
extreme energy densities, potentially offering insight into phenomena like inflation or singularity avoidance: as U
climbs in a small region, rather than diverging, it triggers new cells that dilute the density. In summary, Eq. (2) adds
a quantitative rule for discrete spacetime expansion, governed by local energy thresholds and activity, thus bridging
microscopic energy fluctuations with changes in the fabric of space.



Derivation: In the Wheeler-DeWitt (or broader quantum-cosmological) context, the piecewise surplus-energy rule
for nucleating new Planck cells can be recast as a transition-amplitude term in the Hamiltonian. Classically,
Equation (2) states that if the local surplus energy U(x, t) exceeds a threshold E;, (x, t), a new Planck cell can form
at a rate:

U(x,t) — Eq(x,t)
Eip(x,t) + yN(x, t)

In the operator-based formulation, each variable (U, E;,, N), is replaced with the corresponding operator
(U, E,p,, N), and the piecewise condition “surplus >threshold” is enforced by a Heaviside step operator @ (U — Ey,).
Thus, the creation of new cells appears as a Hamiltonian term

U- Eth
Etn+yN

ﬁcreate @(U Eth) (AT + h.c. )

where at is the operator that increments the number of Planck cells, and h.c. is its Hermitian conjugate if needed.
In a small-coupling (perturbative) limit, this operator gives rise to a transition amplitude per unit emergent time —
equivalent to the classical rate formula — whenever U exceeds E,;,. By embedding the phenomenological surplus-
over-threshold rule into a quantum Hamiltonian, the same cell-creation dynamics follows naturally from first
principles, preserving gauge invariance and consistency with the timeless Wheeler-DeWitt approach.

C. Complexity Growth Dynamics (Energy Balance Equation)

Modeling Goal: Relate the competition between information propagation and decoherence to the growth of
structure complexity in the system.

Equation (3) formalizes how the overall complexity of the system evolves over time as a result of the net energy
available for information propagation versus the energy lost to entropic effects (decoherence). Here, complexity
C(t) is a scalar quantity representing the degree of order, structure, or information complexity in the system at time
t (for example, it could be quantified by entropy measures or algorithmic complexity of the state configuration).
We posit that changes in C(t) are driven by an energy surplus similar in spirit to that in Eq. (2): specifically, the
difference between propagation energy (which tends to build and maintain order by propagating information and
correlations) and entropic resistance energy (which tends to randomize or decohere, erasing order). These two
forms of energy emerge naturally from a Lagrangian description of the framework. If we consider a simplified
Lagrangian density £ that includes the coupled fields for information density I a clustering/aggregation field
(indicating local order or concentration of information), and an entropic resistance field (indicating accumulated
decoherence or noise), one finds kinetic-like terms that correspond to propagation and potential-like terms that
correspond to entropic cost. By applying the Euler-Lagrange equations for these fields and identifying the energy
terms, one can derive an expression for the net energy flow in to structured order. In essence, at each time step, a



certain amount of energy Ej.,,, (t) is channeled into moving information in an organized way (supporting
complexity), while another portion E.,,;y,py (£) is dissipated as entropy (hindering complexity by destroying
coherent information).

We assume that the instantaneous rate of change of complexity is proportional to the net energy input (propagation
minus entropic loss). This is analogous to saying that if more “useful” energy is available than is being lost to
noise, the system’s order increases; if not, complexity saturates or decays. Taking the proportionality constant as
unity for simplicity (this can be absorbed into the definitions of E,,.,,, OF Egperopy If Needed), we write the

differential equation for complexity growth:

dfz (tt) = Eprop(t) = Eentropy (©). (instantaneous complexity growth)

Integrating this first-order equation over time yields the cumulative growth of complexity from an initial
valueC (0):

C(t) = C(0) + J; [Eprop(t") = Eentropy D] dE. @

Definitions: In Eq. (3) E,,p (t') is the propagation energy available at time t for generating or sustaining order. It
can be thought of as the energy associated with the coherent part of the dynamics (for example, kinetic energy in
wave-like propagation, which in a quantum system corresponds to the part of the Hamiltonian that drives unitary
evolution). Eqper0py (t') is the entropic (decoherence) energy cost accumulated up to time ¢ — effectively the energy
dissipated as heat or disorder due to irreversibility (for instance, energy loss due to repeated measurements or
interactions that cause decoherence). Both Ei,;.,,, and E,p¢0r-py Can be derived from the fields in the model: E,,.,,
might correspond to terms like (9.1)? or (VI)? in the action (signifying dynamic information flow), whereas
Eentropy could come from terms proportional to the entropic resistance field or from cumulative effects of the
creation rate R (since creating new cells and the associated N contributes to entropy). The difference E,,,, —
Ecntropy 1S the net constructive energy that actually contributes to building complexity at time ¢. If this quantity is
positive, complexity grows (the system becomes more ordered or structured): if it is zero, complexity remains
steady; if negative, complexity descreases (order is lost faster than it is created).

Analysis and Physical Justification: Equation (3) encapsulates a balance of power between information
propagation and decoherence. It implies that the arrow of time in this framework (toward increasing entropy or
complexity) is governed by whether propagation can keep ahead of entropy. In a more formal Lagrangian picture,
both Eypyop aNd Eepropy arise from coupled fields in the system’s action — one quantum and the other classical. In
the quantum regime (short timescales, isolated systems), Ei,,.o,, is high and E;,r4p, remains low, so dC/dt =

Eprop and complexity can build up or oscillate with minimal loss — this corresponds to unitary evolution preserving
information (e.g., superposition states maintain complexity in classical terms). In contrast, in the classical regime
(long timescales, many interactions), E.,tyopy 9rows and can eventually dominate E,.,,, making dC/dt negative —
the system then loses ordered information to entropy, aligning with the Second Law of Thermodynamics and

classical irreversibility. This yields to, in essence, propagation slowing from previous momentum. Importantly, the



same equation describes both regimes by smoothly transitioning as the relative magnitudes of Ey,,..,, and Ecptropy
change.

The integration in (3) also highlights how complexity accumulates: since time is treated in discrete Planck steps in
this framework, one must apply a coarse graining to gain a relativistic invariance. Earlier we introduced At = N -
At,, which here interprets the integral as a sum over small ticks = (with 7 being the Planck time unitAt,, ~ 5.39 -

10~**s) as 1,4y, yielding a discrete update formula

Cn+1 = Cn + [Eprop,n _ Eentropy,n]: Teff

that is consistent with (3). Thus Eq. (3) provides a quantitative prediction for the evolution of order: any theory
results (or simulations) of the framework can plug in and computed E,;.o,(t) and Eepropy (t) t0 track how

complexity grows or decays, which can be compared with physical expectations. This not only maintains
consistency with the spatial coarse graining (which gives rise to emergent geometry and gravitational effects as in
General Relativity) but also establishes a pathway to recover the continuous temporal symmetries central to Special
Relativity. In summary, EQ. (3) links microscopic energy accounting to the macroscopic trend of complexity,
reinforcing the idea that quantum coherence (information propagation) feeds complexity, whereas decoherence
drains it.

Operator-Based Consistency: In a Wheeler-DeWitt or Hamiltonian context, this can represent E,,.,,, and Eepropy
in the same way as in Eq. (2), with £,,,,, and E,y¢ropy- Their algebraic difference becomes the driving term for the
“complexity operator” C. As with previous equations, emergent time in a quantum-cosmological setting is
extracted from small matter transitions — so the measured % appears when applying a semiclassical or perturbative
expansion. In effect, whenever the expectation value (Epmp - Eentmpy) remains positive, C(t) grows, sustaining
quantum coherence or complexity. Once entropic costs dominate the opposite is true, driving the system towards

classical irreversibility. Thus, Eg. (3) neatly bridges microscopic Planck-scale processes and macroscopic
complexity growth, showing how guantum ordering transitions to classical disorder over repeated time updates.

D. Quantum-Classical Frame-Shift Criterion (\VVantage Parameter)

Modeling Goal: Define a local criterion that continuously determines whether a given region behaves in a
quantum(coherent) manner or a classical (Decoherent) manner, based on the energy balance from Eg. 1-3.

The final equation introduces a dimensionless “vantage” parameter ® that quantifies the local quantum-versus-
classical state of each region in spacetime. This parameter leverages the same energy terms appearing in Eq. (3),
thereby tying together all prior equations into a single criterion. In essence, @ represents the fractional contribution
of entropic resistance energy in the local energy budget, serving as a continuous measure between 0 (fully
guantum-coherent behavior) and 1 (fully classical-decoherent behavior). To capture this balance dynamically, we
model @’s time evolution with the differential equation:



oD (x,t)

ot — A+ [EentTOpy(x; t) — Eprop (x, t)]+[1 — CI)(x’ t)]

— A [Eprop (xr t) _ Eentropy (x: t)L_CD(xt t)

Here [Y], denotes the positive part of [Y] (i.e. [Y], = Y if Y > 0, and 0 otherwise), with A, and A_ being positive
rate constants for the frame-shift dynamics towards the classical or quantum regime, respectively. By construction,
@ remains bounded between 0 and 1. When Ey1rpy €Xceeds Ey,.op, , the first term on the right-hand side is
activated (since [Eentropy — Epropl+) Yields a positive difference while ([Eqpntropy — Epropl+ = 0), causing & to
increase at a rate A, proportional to the available headroom 1 — ®. This drives @ upward toward 1, reflecting a
shift toward classical behavior as decoherence comes to dominate. Conversely, if propagation energy dominates the
reverse is true, ® decreasing at a rate A_ proportional to the difference (pushing @ to 0). Notable, when @
approaches either extreme 0 or 1, its time derivative tends to zero, so purely quantum or purely classical states
become stable fixed points of the evolution. Intermediate values of @ naturally arise when neither energy term
completely overwhelms the other, representing transitional regimes where some coherence persist but with
significant damping. The framework thus predicts a smooth, continuous transition rather than an abrupt quantum
jump or “wavefunction” collapse as conditions evolve.

Relation to Previous Equations: Equation (4) explicitly incorporates the outcomes of Equations (1)-(3). The
propagation energy E,.o, (x, t) and entropic resistance Eepnq-opy (X, t) appearing here are the same quantities
defined in the complexity balance Eqg. (3): they in turn depend on the information flux dynamics from Eq. (1) and
the cumulative effect of processes like new cell creation from Eq. (2) (which, by raising N and consuming U,
contributes to Egp¢ropy OVEr time). In this way @ acts as a local diagnostic of the state of the system, synthesizing
the results of the prior equations at each point. For example, consider a region of space where, according to Eq. (1),
information is freely propagating (high flux J) and not many new cells are being formed (low R from Eq. (2),
implying moderate N and no large U surplus hanging around). Such a region would have a high E,,,,, (lots of
coherent kinetic energy) and relatively low E¢y,,.o,, (N0t much entropic buildup yet), yielding a small @ consistent
with the expectation that the region remains quantum-like. On the other hand, a region where propagation has
slowed (perhaps @ is small or fluxes are minimal in Eq. (1)) and energy is instead tied up in either numerous
creation events or simply dissipated (high N leading to high entropic cost, or large U converted into new structure
via Eq. (2)) will have Eepopy COmparable to or exceeding Ey,.,p, giving a @ closer to 1 — indicating that local
dynamics have become effectively classical. In summary, EQ (4) is the bridge between micro and macro: it uses
the same energy scales that govern microscopic information flow and entropy production to determine the
emergent behavior (Quantum vs. Classical) at each point in spacetime.

Frame-Shift Dynamics: The parameter @ can be interpreted as enforcing a dynamical frame shift. When &
remains low, the natural frame to describe the physics is the occupant-lattice frame: each quantum entity
(“occupant”) sees itself as localized on the underlying lattice, hopping from cell to cell with coherent quantum
transitions. When & becomes high, the description shifts to an observer-object frame: the same entity now behaves
as an extended classical object, with its quantum degrees of freedom effectively frozen by interaction with the
environment (the lattice plus other particles). This shift is continuous in the model — there is no single universal
“collapse” event, but rather a criterion that is evaluated locally and continuously. In practice, one could say that ®
plays a role akin to an order parameter for quantum-to-classical transition: @ =~ 0 corresponds to one phase
(quantum coherent), @ = 1 to another phase (classical decoherent), and intermediate @ to a mixed phase. The



vantage point of an observer or an occupant is thus determined by ®: a photon in a region with ® ~ 0 experiences
space as a lattice of discrete sites (manifesting wave-like interference), whereas the same photon in a region with @
driven toward 1 (perhaps by interactions or a measuring device imposing entropic cost) transitions to behaving like
a classical particle with a well-defined trajectory. This criterion aligns with physical intuition and other approaches
in quantum foundations. In particular, it echoes insights from quantum cosmology that local energy exchanges can
induce an effective time evolution and classicization of subsystems. By tying ® t0 E,;.,, and Eptropy, the
framework ensures that whenever small-scale dynamics (governed by Eq. (1) and (2)) produce significant
decoherence (as tracked in Eq. (3)), the system naturally shifts frames to a description where classical physics
emerges. Conversely, in the absence of such decohering energy, the frame remains quantum.

In summary, Equation (4) provides a quantitative, self-consistent criterion for decoherence within the Physical-
Temporal Framework. It not only delineates when a region will act quantum mechanically or classically, but it also
integrates seamlessly wit the preceding equations by using their outputs. This unifying equation fulfills the role of a
continuous measurement of coherence: it mathematically encodes the threshold at which information propagation
(per EQ. (1)) yields to entropic irreversibility, thereby predicting the onset of classical behavior as an outcome of
underlying information — theoretic processes rather than an ad hoc assumption. Together, Eq.’s (1) to (4) form a
coherent set of laws: they describe how information moves on a discrete spacetime lattice, how spacetime itself can
expand in response, how the competition of energies governs the buildup of complex structure, and finally, how the
local state of the system shifts between quantum and classical regimes. In essence, Eq. (4) provides a quantitative,
self-consistent rule for frameshifting in the Physical-Temporal Framework.

Application Example: Explicit Explanation of the Double-Slit Experiment from
the Object:Lattice Frame

This section explicitly demonstrates how the Physical-Temporal Framework (PTF), particularly through the
Vantage Parameter ®(x, t), explains the classical double-slit experiment without requiring traditional quantum
superpositions of the photon:

plate in .
superposition Step 1: Photon Emission

A photon is emitted from a
source and localizes within
the Planck lattice. The
photon’s state is explicitly
decoherent and occupies a
definite lattice position. At
this initial step, the Vantage
global field Parameter ®(x, t) is minimal,
electron/ creates indicating a quantum-
photon interference dominated regime with low
b pattern entropic resistance.




Step 2: Propagation Toward the Double Slit

As the photon propagates from the source toward the barrier, two complementary descriptions become relevant: the
Photon’s perspective (Object:Lattice), and the Observer’s Perspective (Object:Object) The photon moves discretely
from cell to cell, explicitly guided by local entropic conditions. Each step involves evaluating the entropic
resistance, with the photon naturally moving toward lattice regions offering the lowest overall cumulative entropic
resistance while still retaining directional motion, explicitly minimizing @ through conservation. From a
macroscopic viewpoint, unable to resolve discrete lattice hops, we perceive the photon as moving in a continuous,
wave-like manner.

The cumulative effect of discrete motion manifests as quantum-coherent propagation across space. This duality
emerges naturally from the vantage parameter ®(x, t), clearly differentiating the quantum-localized and classical-
observer frames depending on the balance between coherent propagation and entropic resistance.

Step 3: Interaction with the Double-Slit Barrier

plate in
superposition

As the photon approaches the barrier containing two slits, it encounters a

[ distinct entropic gradient: solid barrier regions have significantly higher

" entropic resistance, while the open slit regions (both) have comparatively
o1 lower entropic resistance.. If the photon interacts with the barrier then
d(x, t) increases and classical interactions ensue. If the photon does not
electron/ interact then ®(x,t) remains below 1 as it travels through one of the two
photon slits, because it is decoherent to the lattice as it propagates along a

defined path.

Step 4: Post-Slit Pathing and Environmental Entropic Influence

Upon passing through the single slit, the photon’s discrete propagation beyond the slit depends explicitly on the
experimental setup, specifically whether a “which-path” detection is active:

e If No “Which-Path” Detection is Present:

In the absence of active detection, the barrier/slit arrangement maintains quantum coherence from the
photon’s viewpoint, creating a global entropic potential field behind the slits. This global coherence causes
spatial variations in E¢psrpy (%, t) forming an interference pattern. In standard quantum mechanics, this
“wavefunction amplitude” is largest along constructive-interference directions. In my model, the photon
naturally tries to minimize local entropic resistance, at each Planck interval, as it propagates through space.
Moderate entropic resistance leads to pathing towards lower resistance. High entropic resistance, like the
slit in the which-path detection, causes the photon into classical trajectories which momentarily locks in
direction. This subtle trajectory guidance, which tend toward areas of lowest cumulative entropic resistance
(P(x,t) = 0), is what produces the interference.
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e If “Which-Path” Detection is Present:

Introducing a “which-path” measuring device collapses the global entropic potential field. Now the
localized presence of detection dramatically increases the entropic resistance near the slits. This collapse
removes the global entropic gradients that could otherwise guide photon trajectories. The photon
propagates discretely without subtle entropic influence, strictly following classical-like trajectories

(®(x,t) = 1). Intuitively, because of low interaction on E,,.,,, after detection (®(x,t) — 0) and the Photon,
or electron, resumes its quantum trajectory along the lattice to produce diffraction patterns over time.
(Natural deviations in entropic resistance)

Step 5: Photon Detection at the Screen

Upon reaching the detection screen the photon interacts with macroscopic structures, significantly increasing local
entropic resistance. This rapidly pushes the Vantage Parameter towards classicality (®(x,t) — 1), causing the
photon to be registered as a localized detection event on the screen but:

e  Without “Which-Path” Detection:
The global entropic potential field subtly guided individual photons toward minimal entropic resistance
regions, statistically generating an interference pattern despite each photon explicitly traversing one slit and
one discrete trajectory

e With “Which-Path” Detection:

The collapse of the global entropic potential field eliminates the subtle entropic guidance allowing the
Photon to follow classical-like paths without interference effects.



Step 6: Emergence of Statistical Interference Pattern

Performing the experiment repeatedly with single photons, or electrons, will explicitly show that they follow their
own discrete decoherent paths, dictated by entropic gradients. The collective result of many such detections forms
an interference pattern on the detection screen. The pattern emerges explicitly from the statistical accumulation of
individual photons following paths shaped by minimal entropic resistance influenced by global boundary
conditions, rather than from any traditional quantum superposition of simultaneous multiple paths.

The framework’s robust Vantage Parameter also explains how the global entropic potential field collapses when a
Delayed Detection is introduced within the experiment. Since this field is correlation based, not a tangible,
localized entity that travels through space, it doesn’t require propagation at any finite speed. It is the presence of
subtle correlations that vanish simultaneously the moment local measurement destroys conditions necessary for
coherence/decoherence. In other words, coherence is not something physically transmitted through space — it’s the
simultaneous quantum correlation state of the entire environment in relation to the reference frame in question. To
the photon, there were no changing variations to E,ropy (%, t) to produce an interference pattern to influence it.

Explicit Role of the Vantage Parameter

Throughout this process, the Vantage Parameter explicitly quantifies the local balance between entropic resistance
and propagation energy:

oD (x,t)

ot — A+ [EentrOpy(x; t) — Eprop (x, t)]+[1 — CI)(x’ t)]

— A [Eprop (x,t) — Eentropy (x, t)]_l_q)(x» t)

The photon, like other elementary particles, explicitly propagates its discrete path to minimize ®(x, t) at every
step, thus ensuring its explicit trajectories consistently follows the path of lowest entropic resistance regardless of if
there is a global entropic field or not.

Conclusion:

The Physical-Temporal Framework explicitly provides a rigorous, physically-motivated explanation of the double-
slit interference experiment without requiring traditional quantum superposition of the photon. Individual photons
explicitly travel single, decoherent paths explicitly guided by entropic gradients, with statistical patterns emerging
naturally and explicitly from global entropic boundary conditions. Those boundary conditions are generated by the
superpositionality of objects contained in the system, not by the propagation (or movement) of objects in the
system.



Over Arching Implications

The four central equations of the PTF not only have deep connections to themselves, but also to standard quantum,
gravitational, and thermodynamic formalisms. This section is designed to help readers see how the ideas presented
here parallel — and extend — well-known approaches such as WKB expansions, Wheeler-DeWitt quantum gravity,
and the well known second law of thermodynamics.

Eq. (1) describes how “information density” evolves in space and time. Superficially it looks like a continuity
equation — reminiscent of the probability-current continuity form in quantum mechanics. Careful inspection reveals
that if one identifies the “information density” with p = [1|? and introduces a phase S for i, the standard WKB or
Eikonal expansions emerge naturally. (Assume that ¥ (x, t) is the quantum wavefunction then I(x, t) = |y (x, t)]?).
In other words, the usual Schrddinger equation in the short-wavelength (highly oscillatory) limit would yield a
Hamilton-Jacobi equation for S plus a continuity equation for p. The PTF modifies those standard forms by adding
a small “entropic cost” each time the system updates (each Planck-time tick). The result is a “modified
Schrodinger” dynamics at the quantum scale, where the occupant-lattice perspective closely parallels standard
quantum wave-propagation but gains a built-in decoherence mechanism from cumulative entropic resistance.

Eqg. (2) governing how new Planck cells spontaneously appear if local energy exceeds a threshold — can be viewed
through the lens of canonical quantum gravity, particularly the Wheeler-DeWitt approach. In that picture, one
posits a universal wavefunction ¥ over configurations of geometry plus matter. The PTF discrete “cell-creation”
rule acts like a small Hamiltonian term in this universal wavefunction, allowing local geometry to “nucleate” new
cells when surplus informational energy accumulates. Mathematically, this is similar to how matter excitations
cand shift the WDW wavefunction to explore new 3-geometries. Furthermore, a very careful reader (physicist) can
see | hint that V?p;,, ¢, — the change in a suitably defined informational momentum — can map onto a curvature
tensor in the continuum limit. By correlating surplus information with local curvature, the approach recovers an
emergent notion of gravitational geometry. A large surplus triggers new lattice cells (strong curvature), consistent
with how standard Einstein equations link high stress-energy to high curvature, but here it is realized through
discrete “cell creation” steps.

Eq. (3) expresses the net growth of a “complexity” function from the difference between propagation energy and
entropic cost, directly evoking the second law of thermodynamics. When the system can afford more propagation
energy than is being lost to entropy, complexity rises; once entropic costs dominate, complexity saturates or
declines — echoing classical irreversibility. It also eludes for a way to recover Special Relativity through the use of
coarse graining 7.y = At, = 5.39 - 10™**s.

Finally, Eq. (4) allows for the vantage parameter to weave these ideas into a single quantum-to-classical transition
narrative: if curvature (or environment coupling) is small, a system remains in the occupant-lattice (quantum)
vantage; as soon as the environment or geometric curvature grows beyond a threshold, entropic friction skyrockets,
pushing the vantage parameter to “classical”. Thus, the vantage formalism extends standard decoherence
arguments — familiar from open-quantum-system treatments — to the realm of emergent gravity: geometry (via cell
creation) heightens entropic interactions and tips the system from quantum occupant to classical object. Altogether,
these for equations provide a unified viewpoint, in which modified Schrédinger continuity at small scales,
Wheeler-DeWitt-style geometry updates at large scales, the second law of thermodynamics, and environment-
induced classicality merge into one coherent picture.



Comparison with Selected Discrete Spacetime Theories

The Physical-Temporal Framework (PTF) proposes a radical model of spacetime with one static, Planck-scale
“Physical” dimension and a fundamental discrete Temporal dimension. In PTF, space is a fixed lattice of indivisible
Planck-length cells (a single unified substrate that only appears 3D after coarse-graining), and motion occurs only
via discrete Planck-time “ticks.” In essence, PTF treats space as fundamentally discrete and background-like (the
lattice), with time as a quantized river of change — all observable dynamics emerge from these time updates. Below,
we compare PTF’s conceptual foundations and treatment of space-time with those of Loop Quantum Gravity
(LQG), Causal Set Theory (CST), and String Theory, highlighting whether space and time are taken as
fundamental or emergent, discrete or continuous, and background-dependent or independent in each. We then
discuss overlaps between PTF and objective collapse models (GRW, Penrose) and quantum information
approaches (it-from-qubit, quantum Darwinism), especially regarding decoherence, the quantum-classical
transition, and spacetime emergence. Each have influenced the PTF in their own way however, no other approach
has attempted to combine these concepts together.

PTF vs Loop Quantum Gravity (LQG)

1. Conceptual Foundations: Loop Quantum Gravity?! is a background-independent approach to quantum
gravity that replaces smooth spacetime with a network of quantum threads. LQG posits that space at the
Planck scale consists of a web of finite loops called spin networks, and that continuous 3D geometry (and
Einstein’s gravity) emerges from this discrete spin-network states. In LQG, the spin network itself is
dynamic — it evolves according to quantum versions of Einstein’s field equations. By contrast, PTF posits a
static Planck lattice as the fundamental “space”; it has no dynamic geometry of its own, and instead all
change is driven by the second dimensions (discrete time updates) interaction with it. Both LQG and PTF
share the idea that spacetime is discrete at the smallest scale and that our familiar smooth spacetime is
emergent from this fundamental building blocks. However, LQG’s discreteness applies to space (areas and
volumes are quantized) while time can be treated continuously or via separate spin-foam formalisms,
whereas PTF explicitly quantizes time itself into sequential ticks as the engine of evolution and then
recovers continuous time through coarse-graining.

2. Space & Time — Fundamental or Emergent, Discrete or Continuous: In LQG, space is fundamental and
discrete — spin networks have quantized lengths, areas, and volumes at the Planck scale?. Time in LQG is
less clearly discrete; in the canonical theory time is a parameter, while in covariant LQG (spin foams)
spacetime as a whole is a network of finite “chunks,” implying spacetime discreteness in both space and
time at the fundamental level. PTF similarly assumes discrete space and time at root: the spatial lattice is
made of Planck-length cells and time advances in Planck-length steps. Three-dimensional space is emergent
in PTF — the unified lattice “appears” as separate height/width/length only after coarse-graining over many
cells and time intervals— whereas LQG starts with three spatial dimensions quantized from the outset. Both
theories predict continuity at large scales: a smooth 3 + 1 dimensional spacetime should emerge from
LQG’s spin networks and from PTF’s lattice + time interplay when viewed macroscopically.

3. Background-Dependence: Loop Quantum Gravity is explicitly background — independent, meaning it
does not presuppose a fixed spacetime backdrop — the spin network is space, and “there is no preestablished
space” on which it sits®. Geometry in LQG is determined entirely by the relations (links) between quantum
events, respecting General Relativity’s spirit that spacetime is dynamic. PTF, in contrast, uses a fixed



Planck Lattice as a background structure (an absolute frame of discrete positions). In PTF this lattice is
universal and static, more akin to Newton’s “absolute space” (albeit discrete) against which dynamics
unfold. Thus, PTF is partly background-dependent: it introduces a preferred underlying frame (the lattice),
unlike LQG which has no preferred spatial corrdinates*. However, PTF’s lattice is featureless except for
its discreteness, and physical laws in PTF are supposed to be invariant under shifting between the quantum
frame and classical frame — a somewhat different notion of relativity.

4. Quantum-Classical Transitions: LQG primarily addresses quantum gravity and the structure of spacetime,
and it does not by itself provide a mechanism for quantum-to-classical transition or wavefunction collapse.
It assumes quantum states of geometry will approximate a classical spacetime at large scales, but it doesn’t
explain how classical behavior of matter emerges from quantum rules. PTF, on the other hand, builds a
decoherence mechanism into its framework. With each discrete time tick, as a quantum state propagates to
adjacent Planck cells, PTF posits an accumulating entropic resistance or “cost.” Over many successive
Planck-length steps, this build-up entropy drains the system’s ability to maintain coherence. Eventually, the
system crosses an energy — entropy threshold that forces a “frame shift” from the quantum regime
(Object:Lattice, where the object moves relative to the lattice) to a classical regime (Object:Object, where
the object is effectively moving relative to other objects). In simpler terms, PTF says that repeated
interactions with the discrete structure of spacetime itself cause quantum superpositions to decohere into
classical inertia. LQG lacks any analogous concept of entropic decoherence; it quantizes geometry but
leaves standard quantum mechanics intact. Thus, PTF uniquely ties the emergence of classical behavior to
spacetime discreteness, whereas LQG focuses on spacetime quantization but stays silent on quantum
measurement or collapse.

PTF vs. Causal Set Theory (CST)

1. Conceptual Foundations: Causal Set Theory> proposes that spacetime is fundamentally a locally finite set
of “events” (points) with only one fundamental relation: causality (who can influence whom). Instead of a
smooth manifold, CST’s universe is a partial order: each discrete spacetime element is related by
“before/after” relations, and macroscopic spacetime emerges by coarse - graining this posit. In CST, the
number of elements corresponds to volume and the partial order encodes the metric’s light-cone structure
(“order + number = geometry” is the motto). This view aligns with PTF in that both treat spacetime as
fundamentally discrete and ordered by causality — PTF’s lattice with sequential time ticks also enforces a
definite causal sequence of events. Both expect the smooth continuum and Lorentz symmetry to arise
statistically at large scales. The key difference in foundations is that CST’s discrete elements grow or are
sprinkled dynamically (often envisioned via some random process of element formation) whereas PTF’s
lattice is static — all Planck cells exist as a fixed backdrop, and changes happen by moving through the
lattice plus coarse graining (or adding new cells but only if needed to contain added energy). In other
words, CST is a “dynamic spacetime atomic theory” (spacetime itself can expand on element at a time),
while PTF is a “dynamic process on a static spacetime lattice.”

2. Space & Time — Fundamental or Emergent, Discrete or Continuous: Both CST and PTF assert that
space and time are not continuous at a fundamental level. In CST, spacetime = a set of discrete events —
both space and time coordinates emerge only after embedding the causal set into a continuum for
approximation. Every interval of time and region of space corresponds to a count of elementary events. PTF
also starts with discrete spacetime: space is a grid of indivisible cells and time advances in jumps. For CST,



time and space are on similar footing as part of the partial order (time order is built-in, and space is inferred
from the pattern of relations). PTF, by contrast, separates them into two dimensions: one purely spatial (the
lattice) and one purely temporal (the ticking clock). In PTF, spatial extension is mostly static (fundamental
space doesn’t evolve or move), whereas in CST any “motion” would correspond to new events extending
the causal set. Continuum spacetime is emergent in both — by coarse-graining many causal set elements one
recovers a approximate 4D continuum, and by averaging over many of PTF’s Planck cells and time steps,
through the onset of frameshifting, one gets the appearance of smooth 3D space and continuous time.
Notably, Lorentz invariance (symmetry of spacetime) is intended to emerge in CST when the sprinkling of
points is random and homogeneous, whereas PTF’s explicit lattice explains this through a
reparameterization-invariant way (using methods akin to those in the Wheeler-DeWitt approach®).

3. Background-Dependence: CST is background-independent — it doesn’t assume any underlying space or
time beyond the set of causal relations. There is no predefined lattice or coordinate grid; the structure of
spacetime is the causal set itself. PTF uses a fixed background lattice for space, making it more
background-dependent. In CST, one typically imagines the universe “growing” by the stochastic addition of
new events, respecting causality but without a global space frame. PTF instead assumes a global lattice
present from the start, more akin to a Newtonian framework (with relativistic effects emerging in how
motion manifests). This means CST has no absolute space — only relations — while PTF has an absolute but
unchanging space (the lattice) that underlies relational phenomena. Both are partly relational in that what
we observe (distances, durations) emerges from relationships (causal links or propagation through the
lattice), but PTF’s reliance on universal lattice leans toward and absolute background.

4. Quantum-Classical Transitions: CST, being a candidate quantum gravity theory, focuses on the structure
of spacetime and does not inherently address quantum state reduction or decoherence of matter. It provides
a way to think of spacetime atoms, but not a mechanism for why a quantum object becomes classical. PTF
explicitly addresses this by introducing an entropic decoherence mechanism tied to its lattice dynamics.

In PTF quantum object’s state hops from cell to cell with each Planck-time, it incurs a small entropy
increase (a “cost” to coherence). Over many hops, this builds up to cause loss of quantum coherence —
effectively a built-in decoherence arrow of time. CST does not have an analog of the “entropy
accumulation” idea; it doesn’t associate an entropy cost with the advance from one causal element to the
next. Similarly, PTF’s frame shift (from a quantum frame attached to the lattice to a classical frame attached
to objects) has no counterpart in CST. CST is concerned with how spacetime geometry might emerge,
whereas PTF uniquely tries to explain how classical physics emerges from quantum dynamics via the
structure of time. In summary, PTF adds a layer of physics (decoherence with a threshold) on top of a
discrete spacetime, whereas CST keeps the focus on spacetime discreteness alone. Despite these
differences, both share the profound idea that what we call spacetime might not be fundamental or
continuous but rather arise from an underlying order of “atoms” of space-time with causality linking them.

PTF vs String Theory

1. Conceptual Foundations: String Theory’ takes a very different starting point: it attempts to unify all
particles and forces (including gravity) by replacing point particles with tiny one-dimensional strings that
vibrate in a higher-dimensional space. In string theory, the fundamental entities are the strings (and higher-
dimensional branes), and spacetime is usually assumed as a given stage in which these strings move.



Consistency of string theory requires additional spatial dimensions beyond the familiar 3+1; for example,
superstring theories are formulated in 10-dimensional spacetime (9 space + 1 time), which are then
typically “compactified” — the extra 6 or 7 spatial dimensions are curled up into tiny shapes (like Calabi-
Yau manifolds) so that they’re unobservable at low energies. In this framework, space and time are treated
as fundamental components of the theory’s arena, albeit with more dimensions than observed. PTF, by
contrast, radically reduces the number of fundamental dimensions to just 2 (1 space + 1 time), rather than
increasing it. PTF’s single spatial dimension (the lattice) aims to produce an illusion of 3D space upon
coarse-graining, whereas string theory starts with a higher-dimensional space and then hides most of them.
Conceptually, string theory is an outgrowth of quantum field theory and smooth general relativity — it
assumes a smoot manifold (with extra dimensions) where strings propagate. PTF is closer to a quantum
cellular automaton picture, with a build-in minimal length (the lattice cell) and minimal time step, focusing
on how motion and gravity emerge from these discrete steps and entropy buildup.

Space & Time — Fundamental or Emergent, Discrete or Continuous: In string theory, spacetime is
generally taken as fundamental (at least in perturbative formulations). The strings’ vibrations give rise to
particle properties, and one of those vibrational modes is the graviton, which means gravity and curved
spacetime are in principle emergent effects of string dynamics — but the stage on which strings vibrate is a
classical spacetime background (which can be flat or curved). Thus, traditional string theory is often
described as background-dependent: one must assume a specific spacetime geometry to define and quantize
the strings. Space and time in string theory are usually continuous dimensions (e.g. a 10D continuous
manifold). There is no built-in lattice or discreteness; however, string theory does imply a minimum length
scale (on the order of the string length 10733cm) because probing shorter distances isn’t meaningful —
strings would just excite higher vibrational modes. But this is not the same as spacetime being made of
indivisible units; rather, it’s a limitation on measurement. PTF, on the other hand, asserts spacetime is
fundamentally discrete and comprised of units — literally a cubical lattice of space and discrete ticks of time.
In PTF, any motion or propagation happens cell-by-cell, tick-by-tick. So, while string theory smooths out
point-particle infinities by stretching them into strings, it still assumes a smooth spacetime (with extra
dimensions), whereas PTF replaces smooth spacetime with a digital like one (arising from coarse grained
interactions).

Emergent vs Fundamental Space-Time: String theorists often consider spacetime geometry to be an
emergent phenomenon in certain regimes — for instance, AdAS/CFT correspondence suggests that a higher —
dimensional spacetime (AdS space) can emerge from a lower-dimensional quantum theory with no gravity.
There are scenarios in string theory (especially in M-theory) where classical spacetime as we know it might
not be fundamental, and concepts like “space-time is doomed” have been floated, meaning at the deepest
level strings and branes might generate spacetime. Indeed, some string thinkers propose that at the Planck
scale, the usual notion of space and time breaks down. However, in practice string theory treats 4D
spacetime (plus extra dimensions) as the starting point — it’s the arena in which strings exist. PTF
conversely declares that our observed 3d space and continuous time are not fundamental at all but entirely
emergent from something deeper (the lattice + Planck-time evolution).

PTF’s space is “less fundamental” than time — its just a static scaffolding — whereas string theory’s space
and time coordinates are on equal footing as fundamental dimensions in the formalism (just more of them).
Another difference is dimensionality; string theory’s extra spatial dimensions are critical to its consistency,
but they must be hidden (compactified) to recover 4D physics. PTF does away with extra dimensions
altogether; it produces 3D space effectively from one dimension by leveraging the dynamics of information
propagation. In short, string theory extends spacetime to higher dimensions, while PTF collapses it to a
minimum.



4. Background Independence: String theory (in its usual formulations) is largely background-dependent.
One must choose a specific solution for spacetime (for example, 10D Minkowski space or a particular
curved metric with compact dimensions) and then quantize strings on that background?®. This is a well-
known contrast with approaches like LQG. Efforts exist to achieve a more background-independent view
(such as “M-theory” or non-perturbative formulations), but a fully background-free string formulation
remains elusive. PTF is also not background-free — its Planck lattice serves as a fixed background — but it’s
a very different kind of background (discrete and absolute, rather than a smooth metric). So, neither PTF
nor string theory in practice has the background independence property that CST or LQG strive for. One
could say string theory uses a continuous, pre-existing spacetime background, whereas PTF uses a discrete,
pre-existing spacetime background. An interesting point is that string theory implies general relativity at
low energies (so spacetime becomes dynamic as an effective theory with gravitons mediating curvature),
but the fundamental formulation still starts with a chosen classical geometry. PTF starts with a fixed flat
lattice and suggests gravity emerges as an effective phenomenon (e.g. via accumulated frame dragging and
entropic effects) without needing to “bend” the lattice itself — gravity in PTF is emergent inertia and
geometry.

5. Quantum-Classical Transition and Decoherence: String theory does not address the quantum
measurement or decoherence problem — it remains within the standard quantum mechanics framework. A
string (or any collection of strings) can of course be in a quantum superposition, and string theory by itself
doesn’t offer a novel mechanism for why we see definite outcomes or classical behavior. PTF incorporates
a specific mechanism for decoherence tied to its fundamental time evolution. In that sense, PTF is
connecting quantum gravity ideas with quantum measurement ideas, whereas string theory largely keeps
those separate (string theory provides a quantum description of gravity, but you would still rely on
decoherence theory or interpretations of quantum mechanics to explain classical observations).

6. Spacetime Emergence: Its worth noting that modern developments at the intersection of string theory and
quantum information do hint at spacetime being emergent (for example, the idea that spacetime geometry is
built from quantum entanglement — “it from qubit”, discussed below). In those scenarios, even string
theorists concede that spacetime might not be fundamental. For instance, researchers have argued that space
and time “may spring up from the quantum entanglement of tiny bits of information” rather than being
basic ingredients®. Such ideas are philosophically closer to PTF’s ethos, but they are not yet an integral
part of standard string theory. The PTF and string theory differ profoundly in approach: string theory’s
strength is unifying forces (with a heavy mathematical scaffolding in continuous extra dimensions),
whereas PTF’s focus is on unifying physics and information flow in a minimal-dimensional, discrete setup
that naturally yields a quantum-to-classical transition. They operate on very different levels, so while one
can compare their view of spacetime, it should be noted the PTF is a more radical re-imagining of
spacetime’s nature, whereas string theory augments the existing paradigm of spacetime with new
symmetries (supersymmetry), dimensions, and objects (strings and branches) to solve deep problems.

PTF and Objective Collapse Theories (GRW, Penrose)

Objective collapse models modify quantum mechanics to explain why we don’t see macroscopic superpositions, by
introducing new physical collapse processes. Notable examples include the Ghirardi-Rimini-Weber? (GRW)
model and Diosi-Penrose (DP) gravity-induced collapse®?. These theories and PTF share a common goal: to
account for the quantum-classical transition by invoking new physics at small scales (as apposed to saying “it’s all
observation” or “many worlds”). Below is the comparison on how collapse models and PTF treat decoherence and
spacetime:



1. Decoherence vs. Collapse Mechanism: In PTF, as described, each Planck-scale step in time contributes a
tiny irreducible decoherence (an entropic “friction”) to a moving quantum system. Over many steps, the
quantum state loses coherence and effectively “collapses” into classical behavior when a threshold is
reached. This is a gradual, deterministic decoherence mechanism built into spacetime dynamics. In GRW’s
collapse theory, the approach is stochastic: each elementary particle has a tiny probability per unit time to
undergo a sudden localization (“collapse”) of its wavefunction. For an individual particle, the chance is
astronomically small, but for a large object with many particles, the chance of some collapse happening is
significant, causing macroscopic superpositions to be suppressed extremely fast'2. GRW thus explains the
quantum-classical transition as a “progressive breakdown of quantum linearity” as system mass/size
increases. This is conceptually similar to PTF in that size or complexity of the system triggers classicality —
in PTF, many sequential interactions (which effectively could scale with distance traveled or complexity)
cause cumulative decoherence, whereas in GRW many particles (mass) cause rapid collapse. Penrose’s
collapse idea (DP model) ties the trigger to gravity: if a quantum system is in a superposition of two
appreciably different mass distributions (hence different spacetime curvatures), nature unstablely “chooses”
one — effectively, gravity doesn’t allow significant superpositions of different spacetime geometries.
Penrose even gives an estimate for the collapse time: that being the gravitational self-energy difference
between the superposed states. This has the consequence that an object of greater mass or spread will
collapse faster, again ensuring that large-scale superpositions can’t last. PTF’s mechanism is not explicitly
gravitational, but it also invokes a fundamental effect (entropy of propagation) that grows with “extent”
(the number of Planck steps taken). In all these cases — PTF, GRW, DP — there is a built-in tendency for
large or extended quantum systems to localize. Into classical states, without needing an external observer.

2. Role of Spacetime and Fundamental Scale: An interesting comparison is how these approaches relate to
spacetime fundamentals. Collapse models like GRW/CSL usually assume normal space and time as the
stage and just add a collapse rule. For instance, GRW postulates that each particle’s wavefunction in space
spontaneously collapses to a narrow packet in space, according to a Poisson process in time. There is no
modification of space or time structure; the change is in the quantum dynamics (nonlinear, stochastic
evolution). Penrose’s idea brings gravity (and thus spacetime curvature) into play, suggesting that the
structure of spacetime (via Einstein’s field equations) cannot sustain superpositions beyond a certain
threshold. This implicitly points to a link between quantum state reduction and spacetime geometry — but
Penrose’s model still presumes classical general relativity as the regime that the system “chooses” to
collapse into. PTF offers a more structural link between spacetime and collapse: here the discrete nature of
time and the energy cost of moving through the lattice directly cause decoherence. One could say PTF
locates the source of collapse in the fabric of spacetime itself (its discreteness and associated entropy),
whereas GRQ posits a new quantum rule, and Penrose locates it in the tension between quantum
superposition and spacetime curvature. Notably, PTF’s discrete time interval is on the order of Planck time
(107*3 5), and GRW’s collapse frequency is chosen such that microscopic scales (like an electron over
microseconds) are unaffected but macroscopic scales collapse extremely quickly. Both therefore invoke a
fundamental time scale at which quantum behavior effectively changes in PTF its every 10743 s tick (but
requiring accumulation to notice), in GRW it’s random hit roughly each 10° seconds for one particle (so
negligible for one particle, but 10~7 seconds for 1023 particles, making macroscopic objects collapse
nearly instantly in practice). Penrose’s criterion can also be interpreted as defining a scale (when AEj; is
about the gravitational energy of one Planck mass in a superposition separated by its own Schwarzschild
radius, collapse happens on order of 1 second, etc.). Thus, PTF and collapse models all introduce new
physics at or below the Planck scale to solve the measurement problem: PTF through spacetime
discreteness and thermodynamics, GRW through a stochastic rule, and Penrose through gravity’s influence.



3. Outcome and Testability: All these approaches lead to the idea that a quantum system will ultimately
behave classically if it’s large enough or evolves long enough. For example, GRW ensures any well-
localized macroscopic object follows approximately Newtonian trajectories (the wavefunction’s center-of-
mass is constantly “nudged” to localization, so it never delocalizes appreciably). PTF similarly ensures that
beyond a certain scale or time, an object can no longer maintain coherence and essentially follows a
classical trajectory (now explained as inertia through the lattice). A difference is in how abrupt the
transition is: GRW/CSL cause literal wavefunction collapses (random jumps) that are non-unitary events.
PTF’s frame shift is somewhat smoother — it’s like a continuous buildup of decoherence that eventually
makes the system behave classically, possibly without a single dramatic “jump”. Penrose’s mechanism
might be intermediate (the collapse happens on a characteristic timescale, not instantaneously, but it’s not a
gradual continuous decoherence either — it’s a natural decay of superposition). Experimentally, collapse
models make predictions (e.g. slight heating of particles due to random collapses, since energy is not
strictly conserved in GRW-type theories. PTF’s predictions would be harder to distinguish because they
might masquerade as ordinary decoherence or a slight deviation in how quantum interference behaves over
long sequences of evolution. In any case, PTF aligns with objective collapse theories in asserting that
guantum wavefunction do spontaneously lose coherence due to fundamental effects, rather than needing an
observer. The difference lies in what fundamental effect is responsible: and added noise (GRW/CSL),
gravity (Penrose), or spacetime’s discrete entropy (PTF).

4. Spacetime Emergence: Collapse theories generally do not address the emergence of spacetime — they take
spacetime (and gravity) largely as given. Penrose’s idea touches spacetime by involving gravity, but it
doesn’t suggest spacetime is emergent, only that quantum state reduction is tied to spacetime geometry.
PTF, however, is simultaneously a candidate for how spacetime itself (particularly space dimensionality
and gravity as an emergent force) comes about. In that sense, PTF attempts to solve two puzzles at once
(quantum gravity and quantum measurement) with one framework. Collapse models solve one puzzle
(quantum measurement) by slightly modifying quantum theory, without altering our concept of space and
time. Thus, PTF is more ambitious model, positing a deep connection between the nature of time (as
discrete and entropic) and the quantum-classical boundary. Objective collapse theories are more narrowly
focused but are being experimentally constrained (e.g. sensitive interferometers looking for spontaneous
localization effects that have not been observed, thus putting bounds on GRW parameters)3. PTF will
reproduce those same quantum limits while also accounting for general relativistic phenomena in
subsequent papers.

In summary, PTF and objective collapse theories share the philosophy that additional physics at small scales can
induce quantum wavefunctions to collapse, producing classical reality. PTF’s approach is tied to the structure of
time and space (discrete steps and accumulating entropy in a lattice), while GRW/CSL introduce a statistical rule,
and Penrose introduces a gravitational criterion. All predict a departure from exact linear, unitary quantum
evolution when systems become large, which is a testable idea. PTF further distinguishes itself by making
spacetime not an immutable stage but part of the mechanism — a viewpoint more akin in spirit to Penrose’s idea
that “quantum state reduction and spacetime geometry are entwined.”

PTF and Quantum Information-Theoretic Approaches

There is a growing perspective in fundamental physics that information is the key to understanding quantum
mechanics and even spacetime. Slogans like “It from Bit” or “It from Qubit” suggest that what we experience as
physical reality (the “It”) arises from underlying information-theoretic structures (“bits/qubits”). Two prominent



ideas in the vein are the use of quantum entanglement to explain spacetime geometry (as in holographic theories or
tensor networks) and Quantum Darwinism to explain the quantum-classical transition. We will examine how these
relate and influence the PTF:

1. Spacetime from Quantum Information (It-from-Qubit): In quantum gravity research (inspired by
holography and quantum error correction), many theorists have proposed that spacetime is an emergent
network woven together by quantum entanglement. For example, in certain toy models of quantum gravity,
the connectivity of space (and even the dimensionality or curvature of spacetime) corresponds to patterns of
entanglement between underlying quantum degrees of freedom®*. The “It from Qubit” program, backed by
results like AAS/CFT correspondence, envisions spacetime as a kind of code or entanglement web, such that
if the entanglement is lost, spacetime falls apart. Most Researchers in this program believe space and time
may spring up from the quantum entanglement of tiny bits of information itself. PTF resonates with this
general theme: it gives primacy to the role of information propagation. In PTF, the Information Propagation
Substrate (IPS) is essentially the interplay of the physical lattice and time — it’s the vehicle by which
guantum information moves and eventually yields classical information. One could interpret the PFT lattice
as a kind of fixed graph of information channels, and each Planck-time tick transmits quantum info one step
forward/backward. The emergence of 3d space in PTF is then analogous to an “entanglement geometry”
emergent from how information spreads across the lattice. Both PTF and it-from-qubit approaches imply
that if you zoom in far enough, spacetime as we know it disappears into more abstract relationships (a
lattice with update rules, entanglement links or quantum circuits). However, there are difference in
emphasis. PTF currently is more concrete/mechanical — it posits an actual lattice in real space. The it-from-
qubit approach, by contrast, might say “space itself is a neural network of quantum bits,” without requiring
a literal physical lattice; the network could be something like a connectivity of degrees of freedom in a
quantum state. PTF’s emergent gravity would come from cumulative entropy and energy distribution in the
lattice updates (reminiscent of thermodynamics), whereas the quantum information approach to gravity
(like Erik Verlinde’s entropic gravity or the tensor network models) also often invoke thermodynamics and
entanglement entropy to get gravity as an emergent force. Both suggest gravity and spacetime have
informational or entropic origins, not just geometric ones. In short, PTF can be seen as a specific model that
aligns with the broader “it-from-qubit” philosophy: it asserts the physical “it” (space, motion, gravity)
comes from informational processes (discrete updates, frame transitions). It-from-qubit in other contexts
(like the Simons Foundation’s It from Qubit collaboration) looks at things like how quantum error-
correcting codes can create a holographic spacetime geometry, which is a much more abstract but
mathematically precise approach. PTF offers a more physical and heuristic scenario (a lattice with ticks).

2. Quantum Darwinism and Classical Reality: Quantum Darwinism (QD)* is an approach developed by
Wojciech Zurek and colleagues to explain why we see a single classical reality given an underlying
quantum world. The central idea is that the environment acts as a communication channel that monitors
quantum systems and proliferates (“broadcasts”) information about certain preferred states (pointer states)
to many fragments of the environment. Those states that can survive decoherence and make many copies of
their information in the environment are “fittest” and become the states that multiple observers can agree
upon — hence an objective classical reality emerges via a Darwinian selection of states. In essence,

Quantum Darwinism explains the quantum-classical transition as a natural process of environment-induced
super selection (einselection) where the environment effectively measures the system repeatedly, selecting a
stable outcome. PTF’s decoherence narrative has a different flavor but pursues a similar question. Instead of
many environmental copies, PTF posits an intrinsic “entropic resistance” that builds up as a system’s state
propagates through the fundamental lattice of space-time. One can draw an analogy: in PTF, the lattice +
time acts somewhat like an “environment” that continually perturbs the system (each Planck step introduces
a small entropy, akin to a bit of which-path information leakage).



Over many steps, the system’s quantum coherence is suppressed — similar to how in standard decoherence,
many environmental interactions suppress off-diagonal elements of the system’s density matrix. Both PTF
and QD therefore attribute classical emergence to many micro-interactions happening incessantly. In QD
it’s interaction with many environmental particles; in PTF it’s interactions with many tiny time slices of the
lattice.

3. Emergence of time’s arrow: Both approaches also address why there is an arrow of time from quantum
indeterminacy to classical definiteness. In Quantum Darwinism, the arrow is supplied by entropy increase —
the environment gains information (and entropy) about the system, giving a preferred direction (you don’t
see environments spontaneously “un-measuring” a system). In PTF, the arrow of time is built-in at the
fundamental level with the discrete ticks and the cumulative entropy. PTF naturally has a direction once
decoherence sets in (Forward/Backward is attributed to Object:Object reference framing but not to the
Object:Lattice due to the singular Planck-length motion). Thus, PTF provides a concrete model for time’s
arrow consistent with decoherence, somewhat similar to how Zurek’s framework ties arrow-of-time to
decoherence via environment.

4. Synergy and Difference: PTF and quantum information approaches overlap most in the notion that
information is central to the emergence of classical physics and even spacetime. PTF explicitly calls its
combination of space and time the “Information Propagation Substrate,” emphasizing that how information
moves is what give rise to phenomena. Quantum Darwinism focuses on information flow from system to
environment, and it-from-qubit on information building spacetime. PTF touches both — it has a built-in
environment-like effect in the form of a Planck lattice and it also aims to build spacetime structures from a
fundamental level. On the flip side, quantum information approaches don’t usually posit a specific physical
lattice or new dynamics — they often leverage existing quantum theory but apply it in clever ways (like
considering many copies of information or using entanglement entropy as a measure of geometry). PTF is a
more direct new physical hypothesis.

In conclusion, PTF finds conceptual kinship with these modern ideas: like it-from-qubit, it suggests spacetime
(particularly space) is not fundamental but emergent from an underlying information-driven process. And similar to
Quantum Darwinism, it provides a mechanism for decoherence and the quantum-to-classical transition that doesn’t
rely on subjective observation but on objective, natural processes.

Comparative Conclusions

The Physical-Temporal Framework (PTF) stands as an intriguing synthesis of ideas: it borrows the discrete
spacetime ethos from LQG and CST (arguing that continuum spacetime emerges from a Planck-scale structure),
but it also introduces a built-in mechanism for quantum collapse/decoherence akin to objective collapse theories.
Its view of space as a single unified static dimension contrasts sharply with the multi-dimensional, dynamic space
of LQG, CST, and string theory. PTF’s discrete time as the driver of all change, even if it generates a coarse-
grained equivalent, likewise sets it apart from string theory’s smooth time and even LQG’s less explicit handling of
time. Space and time in PTF are both fundamental (as the lattice and ticks) yet also emergent (3d space and flowing
time appear only after coarse-graining) — a two-tier reality that re imagines what “dimensions” mean. Compared to
String Theory, which treats spacetime as largely fundamental (with continuity and additional dimensions built in)
and is formulated on a fixed background, PTF is more background-dependent in one sense (its fixed lattice) but
also more background-independent in another (the laws are supposed to be the same across the lattice, and
gravity/inertia emerge from within rather than by adding a curvature background).



When we bring in the quantum informational perspective, PTF aligns with the notion that information dynamics
give rise to classicality (Quantum Darwinism) and possible even to spacetime itself (It-from-Qubit). PTF’s
comparisons with established theories highlights its unique selling points: a built-in arrow of time and decoherence
mechanism, extreme dimensional reduction (just 2D fundamental), and a union of quantum mechanics,
thermodynamics, and spacetime into one package. These features are not present (at least not altogether) in LQG,
CST, or string theory, which tend to focus on either the quantum-gravity unification (often leaving quantum
measurement aside) or vice versa. PTF attempts both, and by doing so, in invites a dialogue between fields —
connecting how spacetime at Planck scale might be constructed with how classical reality emerges from quantum
physics. PTF draws on principles from several approaches — discreteness, emergence, decoherence, information —
to offer a fresh perspective on the nature of space and time. Each theory discussed sheds light on different aspects
that PTF incorporates, and the contrasts help clarify where PTF fits in the landscape: it is a background-dependent
discrete spacetime theory with a built-in quantum-to-classical transition, aiming to unify what space-time is with
what quantum mechanics does.
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Limitations

1. Theoretical Assumptions

Single Physical Dimension and Static Lattice: A central premise of this framework is that the Physical
Dimension is effectively “1D” at the Planck scale — an unchanging lattice (apart from expansion) that appears
three-dimensional only upon coarse-graining. This assumption may omit possible sub-lattice fluctuations or local
excitations at or below the Planck length. If such fluctuations exist (e.g., microscopic wormholes, topological
defects, or other exotic phenomena), a purely static lattice might not hold. Accommodating such additional degrees
of freedom could alter the predicted decoherence thresholds or the precise form of entropic resistance.

Discrete Time as a Universal Driver: This model treats time as quantized in Planck-scale increments, with each
tick being a universal “update” that applies uniformly across the entire lattice. Realistically, advanced quantum-
gravity effects — such as local variations in Planck time under extreme curvature — may challenge the notion of a
single, global time step, even through coarse graining effects. How local variations in gravitational fields or
curvature might affect this universal ticking is not yet deeply addressed.

Frame-Shifting Mechanism: The framework hinges on a “frame shift” from Object:Lattice (quantum) to
Object:Object (classical) once enough entropic cost has accumulated. While conceptually robust, there is still an
assumption that these two frames are complete enough to describe all physical regimes. In messy, strongly
interacting systems, partially decohered “mixed” frames could arise, complicating the simple binary shift.

2. Mathematical and Computational Challenges

Nonlinearities and Higher-Order Corrections: The linear stability analysis and partial differential equations
(PDEs) presented are derived under simplified or near-equilibrium assumptions. In highly nonlinear regimes —e.g.,
near critical points for Planck-length creation or in large-scale gravitational clustering — the linear approximations
can fail. Incorporating higher-order expansions could unveil new instabilities, chaotic dynamics, or threshold
behaviors not captured by first-order PDEs.
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Discrete-Continuum Bridging: Although the text discusses a coarse-graining approach to recover continuum
spacetime, the precise renormalization or multiscale modeling steps remain only partially sketched out. A rigorous
transition from discrete cellular automation-like rules to continuum effective field equations typically requires
advanced lattice field theory methods, numerical renormalization group analysis, or large-scale simulations. The
computational cost of simulating a vast 3D lattice (even if “1D” at the smallest scale) can be prohibitive.

Coupling to Known Physics: Currently, the framework focuses on emergent gravity and quantum-classical
transitions but does not incorporate full-fledged quantum electrodynamics or the strong/weak nuclear forces.
Extending the discrete-lattice approach to include gauge fields, local symmetries, or the standard model would
require careful inclusion of additional fields and constraints — potentially introducing heavy computational
overhead or new mismatch points.

3. Empirical Verification

Observational Accessibility of Planck-Scale Effects: Because all changes occur at the Planck length and Planck
time, direct experimental access to these discrete events is far beyond existing high-energy collider capabilities.
Any distinct signatures — e.g., small violations of Lorentz invariance, trace anomalies in cosmic microwave
background, or minute decoherence drifts — are likely to be extremely subtle. Designing feasible experiments that
could discriminate the Physical-Temporal Framework from standard quantum field theory or from other discrete-
spacetime models is an ongoing challenge.

Gravitational and Cosmological Observables: While the framework explains cosmic expansion and an
alternative angle on the cosmological constant (Linking it to P,,.,,), it remains uncertain how to isolate these
predictions from conventional models. For instance, cosmic acceleration might be reproduced by multiple
alternative mechanisms — dark energy, scalar fields, or modified gravity. Extracting uniquely falsifiable predictions
(e.g., unexpected large-scale anisotropies, small corrections to gravitational lensing, or neutrino sector anomalies)
will be essential to make the framework empirically testable.

Mesoscopic Decoherence Experiments: One plausible testing ground is the boundary where quantum and
classical behaviors overlap: mesoscopic systems or large-scale interferometers. The framework suggests that
decoherence times or interference-fringe visibility might deviate slightly from standard predictions if the “entropic
budget” per Planck step is an underlying effect. However, pinpointing that discrepancy against known
environmental decoherence is experimentally difficult.

4. Scope of Applicability

High-Energy or Ultra-Dense Environments: The equations assume that each Planck cell’s local energy threshold
for new-cell creation or propagation cost is relatively stable. Near black hole horizons, neutron stars, or in Big
Bang-like conditions, the energy density might surpass ordinary thresholds by many orders of magnitude. Whether
the same creation and entropic rules persist or break down in ultra-dense regimes is not fully explored.

Dynamical Lattice Rearrangements: Although the framework allows Planck-length creation, it presumes that
once formed, new cells integrates seamlessly into the static lattice. More radical rearrangements — such as
topological defects, wormholes, or large-scale lattice realignments — are not modeled. This possibly limits the
framework’s reach in describing quantum gravity phenomena like topology change or baby universes.



Compatibility with Other Theories: By positing a discrete, background-like lattice, the Physical-Temporal
Framework is partially at odds with approaches that emphasize background independence (e.g., LQG, CST). There
may be conceptual or mathematical tension in reconciling the universal Planck lattice with fully relational or fully
covariant formulations of quantum gravity. Unless a bridging formalism is found, the framework may remain
parallel to those approaches rather than fully integrated into them. The Framework does suggest that it could be a
bridging formalism itself however, this has not been fully developed.

In sum, while the PTF offers a novel way to unify quantum behavior, classical gravitational phenomena, and
emergent spacetime structure, its foundational assumptions and modeling choices lead to open questions.
Addressing these limitations — through deeper nonlinear analysis, more comprehensive simulations, and careful
experimental design — remains critical for establishing the frameworks robustness and empirical viability. Through
continued refinements and potential cross-comparisons with more discrete spacetime models, the framework can
evolve into a more mature proposal that either converges with standard theories or yields testable predictions
distinguishing it from mainstream quantum gravity approaches.

Future Directions

Cosmological Constant and Vacuum Energy Discrepancies

Conventional quantum field theory predicts a significantly larger vacuum energy density — often many orders of
magnitude above the observed cosmological constant. This profound mismatch, known as the cosmological
constant problem, has long challenged cosmologists. In the Physical-Temporal Framework, we interpret much of
the “missing” energy as being diverted into sustaining the Planck lattice and enabling discrete information
propagation. Specifically, at each Planck-time interval, a portion of the large theoretical zero-point energy is
effectively used up in creating or updating Planck-length regions, driving quantum states, or overcoming the
entropic resistance that accumulates over successive propagations.

Consequently, while quantum field theory envisions an enormous reservoir of vacuum energy, only a fraction of it
remains available at macroscopic scales — manifesting as the comparatively small cosmological constant we
measure astronomically. In this way, the “missing” vacuum energy is not truly lost; it is continually recycled at the
Planck scale via discrete updates of the lattice. This approach naturally ties the cosmological constant into the
broader mechanism of discrete temporal evolution and entropic costs, offering a fresh perspective on cosmic
acceleration as a direct consequence of the information-driven architecture of spacetime.

Future work will focus on rigorously deriving the energy redistribution mechanism that bridges the theoretical
zero-point energy and the observed low vacuum energy density. In particular, refining the equations governing
Planck-length creation and suppression will be key to quantifying how discrete IPS dynamics divert a portion of
zero-point energy into sustaining the lattice. A formal derivation — potentially employing renormalization
techniques — could help resolve the longstanding cosmological constant problem by linking microscopic
propagation processes directly to macroscopic energy observations.



Continuum limit and Emergent Metric

In the Physical-Temporal Framework, the underlying structure of space is modeled as a static Planck-scale lattice.
Although this lattice is discrete at the fundamental level, observable space emerges over many Planck-length cells
and discrete Planck-time updates through a process of course-graining. This averaging process smooths out the
micro-scale anisotropies and fluctuations, resulting in an effective continuum description. Crucially, the framework
posits that the large-scale metric is not an input but an emergent property. The Information Propagation Substrate
(IPS) governs how energy and information redistribute across the static lattice via discrete temporal “ticks.”
Variations in the density of these propagation events — represented by the field p;,,s, — play a central role. In

particular, spatial gradients of the information density (i.e. V2p;,,) are proposed to correlate with the emergent
curvature of spacetime, encapsulated by a relation of the form

R,uv X v2pinfo’

Where R, is the Ricci curvature tensor. In this view, gravitational effects arise not as fundamental forces but as
macroscopic manifestations of the underlying information dynamics. Regions where information clustering is high
produce increased curvature (mimicking gravitational attraction), while voids — where propagation events are
sparse — yield lower curvature and even effective expansion. Thus, by linking the discrete propagation of
information (and its associated energy redistribution and entropic resistance) to a coarse-grained effective metric,
the Framework unifies quantum and classical phenomena. This approach provides a natural explanation for the
emergence of three-dimensional spatial geometry, gravitational effects, and the observed discrepancy between
theoretical vacuum energy and the small cosmological constant.

Future research should aim to develop a formal coarse-graining procedure that transitions the discrete Planck-scale
IPS dynamics into an effective continuum description. This effort would involve applying statistical field theory or
renormalization group methods to derive an emergent metric, where gradients in the information density (e.g.,
V2pinso) Naturally yield spacetime curvature. Establishing such a derivation will strengthen the connection
between the microscopic quantum processes and observable gravitational phenomena, providing a more
quantitative basis for emergent gravity in the framework.

Energy Densities, Singularities, and Dilation

Extreme energy densities, as found in the vicinity of black holes or within neutron stars, offer a tantalizing
opportunity to probe how the Planck lattice itself might respond to gravitational extremes. In these regimes, the
energy densities can surpass ordinary thresholds by many orders of magnitude, suggesting that the typical discrete
propagation rules could be significantly altered.

One possible effect is the stretching or distortion of the lattice, where the fundamental Planck-length cell may
experience deformation under intense gravitational tidal forces. Such stretching could change the effective energy
volumes contained within each cell, thereby modifying the local propagation energy and entropic cost dynamics.
Essentially, the traditional balance between information propagation and entropic resistance may shift, potentially
leading to novel behavior in the evolution of the lattice structure under extreme gravitational fields.

In scenarios approaching singularities, the conventional Planck-time updates might also be affected. The discrete
ticking of the lattice, which ordinarily governs the evolution of quantum states via small, incremental updates,
could become either accelerated or slowed individually, depending on how the local spacetime curvature influences
the intrinsic update mechanism.



For instance, near the even horizon of a black hole, gravitational time dilation might effectively lengthen the
Planck-time intervals as experienced by an external observer, while an infalling observer might perceive the
updates differently. This could lead to a situation where the propagation of information and energy through the
lattice is dramatically modified, potentially resulting in a breakdown of the usual coherent propagation and
triggering a rapid transition to a highly decoherent, classical regime.

Exploring these extreme scenarios offers a promising direction for future work. Detailed numerical simulations and
analytical models could be developed to study how the fundamental parameters of the Planck lattice — such as cell
spacing, update frequency, and local energy thresholds — respond under the influence of strong gravitational fields.
These investigations, though premature, could help elucidate whether the lattice deforms smoothly or undergoes
abrupt phase transitions, thereby providing new insights into the interplay between quantum mechanics and gravity
in other theories. Ultimately, such work might pave the way for a more unified description of spacetime that
accounts for both the smooth, macroscopic behavior observed in general relativity and the underlying discrete,
quantum nature postulated by the Physical-Temporal Framework.

Final Conclusion

In this paper, we have introduced the Physical-Temporal Framework — a novel model that redefines the
fundamental structure of reality by unifying space, time, and information dynamics under a cohesive theoretical
umbrella. Key elements of the framework include:

e Unified Physical Dimension

Rather than treating length, width, and height as independent degrees of freedom, our model conceives
the Physical Dimension as a single, static state. Although the underlying Planck lattice visually appears
three-dimensional, its cells do not vary independently. Instead, observable spatial properties emerge
only through the interplay with the Temporal Dimension.

e Information Propagation Substrate (IPS):

The IPS bridges the Physical and Temporal Dimension, governing the flow of energy and information
across the Planck lattice. It not only supports rapid quantum propagation — by redefining
coherence/decoherence to reference frames — but also, when cumulative entropic resistance becomes
significant, drives the transition from a quantum (Object:Lattice) to a classical (Object:Object) regime.

e Emergent Gravity and Complexity-Entropy Equilibrium:

The Framework explains gravity as an emergent phenomenon arising from the clustering of information
and the suppression of Planck-length creation in high-propagation regions. The balance between the
energy available for propagation and the entropic cost associated with each discrete transition underpins
the growth of complexity. This balance is formalized in the Dynamical Vantage-Shift Criterion, which
offer testable predictions across quantum, mesoscopic, and macroscopic scales.



e Bridging Quantum and Classical Realms:

Through the mechanism of discrete temporal updates and the resulting frame shifts, the framework
reconciles the persistent quantum behavior observed at the quantum scale with the classical inertia and
spatial curvature evident in large-scale structures. The explicit role of entropic resistance in driving
coherence/decoherence shifts further differentiates our approach from other discrete-spacetime models,
such as Loop Quantum Gravity, Causal Dynamical Triangulations, and Causal Set Theory.

In summary, the Physical-Temporal Framework offers a comprehensive model that not only unifies the description
of space and time but also provides a clear pathway for understanding the emergence of gravitational phenomena,
quantum coherence, and classical behaviour. The mathematical foundations — ranging from discrete Schrodinger
equations to complexity-entropy equilibrium relations — support the framework’s predictions and open avenues for
experimental validation. Future work will focus on refining these equations, expanding numerical simulations, and
integrating additional observational data to further test and develop the model.

And in final conclusion, the Physical-Temporal Framework not only redefines the nature of space and time but also
embraces the quirky side of our scientific heritage. Early on, we playfully declared that in the Object:Lattice frame,
even Pluto could still be considered a planet — an ode to the coherence of large things — while in the Object:Object
frame, like Schrodinger’s cat, every object stubbornly finds itself in a definite position, whether or not anyone is
watching. And when measurement forces these frames to collapse, we can’t help but recall Einstein’s legendary
disdain for randomness — throwing dice with a raised eyebrow. So, in a final, comical ohmage to Einstein, we tip
our hats to the universe: it may be playing dice, but it sure does so with style.
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