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Article

General Substrate Theory: From Substrate
Conservation Dynamics to the Emergence of Inertia,
Gravity, and Quantization
Michael Bush

Hadden Technologies Corporation; mbush@haddentechnologies.com

Abstract

This work presents the General Substrate Theory (GST), a foundational framework in which all physical
phenomena—mass, motion, inertia, gravity, time, and quantization—emerge from a single conserved
coherence substrate. Unlike conventional approaches that treat geometry, particles, or fields as
primitive, GST postulates one irreducible physical law: a stationary, Lorentz-invariant substrate exists
whose internal coherence structure governs all observable behavior. From this axiom, we derive the
coherence-based principles later formalized in Quantum Substrate Dynamics (QSD), including inertial
drag, scalar pacing, mass-phase formation, gravitational tension gradients, quantized emission, and
structural collapse as a substrate rupture threshold.
GST does not introduce new forces or particles. Instead, it reinterprets all known physics as emergent
from phase reconfiguration within a finite-capacity coherence field. In this framework, mass is a
localized saturation of phase coherence, motion is re-locking under scalar constraint, and time arises
from the interval between scalar recovery events. The substrate neither flows nor exchanges energy—it
conserves coherence through local structural adaptation.
This paper defines the Law of the Substrate and derives its immediate structural consequences,
establishing GST as the root from which QSD and SRL (Substrate Response Law) descend. In doing
so, it reframes classical laws, relativistic effects, and quantum discreteness as surface behaviors of a
deeper, physically conserved coherence system—one governed not by geometry, but by causal pacing
and structural equilibrium.

Keywords: general substrate theory; coherence substrate; structural physics; quantum substrate
dynamics; inertial drag; scalar pacing; time quantization; emergent gravity; collapse dynamics

1. Introduction
Modern physics successfully models a wide array of physical behavior, yet it rests upon a

fragmented ontology: geometry is assumed to be fundamental in General Relativity, quantization is
inserted axiomatically in Quantum Mechanics, and forces are invoked through field operators without
a common origin. Despite remarkable predictive power, these frameworks offer limited insight into
why mass exists, why time flows, or why inertia resists. The deeper substrate from which these effects
arise remains undefined.

This work proposes that all such phenomena—mass, motion, gravity, time, and quantiza-
tion—emerge from the internal structure and reconfiguration behavior of a single conserved coherence
field. We name this foundational framework the General Substrate Theory (GST), and we derive its
structure from one irreducible physical axiom: that a Lorentz-invariant, stationary coherence sub-
strate underlies all observable reality. This substrate does not move, exchange energy, or exist in
spacetime—it is the coherence field from which spacetime behavior, material structure, and field
propagation emerge.

Unlike frameworks that seek reconciliation through additional particles, fields, or dimensions,
GST begins with less: one Law, one medium, and one conserved dynamic. From this minimal
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foundation, the layered structure of physical law unfolds as necessary consequence. In this framework,
motion is reconfiguration of coherence phase; inertia is resistance to that reconfiguration; gravity is a
tension gradient from phase saturation; and time is the interval between recoverable scalar offloads.

GST does not seek to replace established physics, but to provide the substrate from which it
emerges. Newtonian mechanics, General Relativity, and Quantum Field Theory appear as surface
behaviors—limiting cases of a deeper structural logic. The coherence principles developed here form
the foundation of the Quantum Substrate Dynamics (QSD) model presented in prior work, and this
paper formalizes the root law from which QSD and all its consequences descend. GST does not replace
existing physical models—it defines the structural conditions under which they succeed.

The sections that follow define the Substrate Response Law (SRL), derive its immediate corollaries,
and establish GST as a unifying physical ontology. By replacing assumptions with structure and
geometry with causality, GST reframes the laws of physics as emergent expressions of coherence
preservation within a conserved, finite-capacity field.

The General Substrate Theory builds upon and structurally reframes key foundations of modern
physics. Whereas classical formulations by Planck [5] and Einstein [6,7] introduced quantization,
relativistic causality, and spacetime curvature as core mechanisms, GST derives these behaviors from
the causal dynamics of a conserved coherence substrate. This framework consolidates prior work in
Quantum Substrate Dynamics (QSD) [1], where mass, inertia, and gravity emerge from phase-locked
structural constraints within a Lorentz-invariant medium. Subsequent studies refined this substrate-
based view of physical law: Planck’s constant was reinterpreted structurally through coherence mode
ratios and offload limits [2]; the coherence envelope was defined as the minimum unit of causal
structure and action [3]; and the Planck energy was derived as a substrate rupture threshold [4]. The
present work unifies and underpins these results, showing that they are not isolated insights, but
inevitable consequences of a single physical law: structural demand must be fulfilled within the
substrate’s causal re-locking capacity.

2. Materials and Methods
This work was developed through first-principles reasoning grounded in a conserved coherence

substrate. All derivations proceed from a single structural axiom: that physical reality emerges from
reconfiguration of a Lorentz-invariant, stationary coherence field. No geometric postulates, particle
assumptions, or external forces were introduced. Instead, observable phenomena were modeled as
outcomes of substrate tension, phase saturation, and scalar pacing. The method emphasizes causal
closure, internal consistency, and compatibility with known physical limits, establishing GST as a
physically grounded origin layer beneath classical, relativistic, and quantum behavior.

In support of the editorial process, generative AI tools—specifically OpenAI’s ChatGPT (version
GPT-4o, 2025)—were used to assist in:

• Generating illustrative figures based on the author’s conceptual framework, with iterative refine-
ment to ensure fidelity to the substrate-based dynamics of the model,

• Researching, validating, and cross-referencing related scientific concepts to improve accuracy,
contextual alignment, and clarity,

• Summarizing and formatting externally sourced material already selected by the author.

No original theoretical contributions were generated by the AI system; all scientific claims,
hypotheses, derivations, and interpretations were authored and reviewed by the human researcher.
The use of ChatGPT is disclosed in alignment with journal policy for transparency in the writing
process.
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3. Discussion
3.1. The Substrate Response Law

At the heart of General Substrate Theory is a single structural law, irreducible and sufficient. It
does not describe motion, force, or energy—but the balance condition from which all those behaviors
emerge. It governs how structure may evolve within a conserved coherence substrate.

The Substrate Response Law

The substrate must fulfill structural change requests within its causal re-locking capacity.
All physical behavior emerges from the balance between imposed structural demand (coherence
deformation) and the substrate’s ability to reconfigure that structure without rupture, delay, or
loss. If the demand exceeds capacity, the substrate responds with resistance, offload, or failure.
If the demand remains within its capacity, the result is coherent, continuous, and conserved
evolution.

This law is not assumed; it is revealed—again and again—by the limits of every physical theory.
From inertial drag and gravitational tension to quantized energy and collapse dynamics, the form of
each phenomenon is the substrate’s causal answer to a structural request. It defines not what happens,
but what is permitted to happen.

In this framing:

• Geometry is the structural demand: a request to reconfigure phase coherence.
• Scalar recovery time is the causal capacity: how fast the substrate can fulfill that request.
• All physical behavior is the outcome of this balance: a permitted or denied reconfiguration.

Understanding the Balance: The Load vs. the Capacity

Every physical interaction can be interpreted as an “ask” made of the substrate. This ask might be
to accelerate a mass-phase structure, sustain a waveform, deform a gravitational gradient, or re-lock
coherence in time. The substrate must decide whether it can support that request at the rate demanded.

• The Load is the imposed coherence deformation—the structural change being attempted.
• The Capacity is the scalar recovery bandwidth—the substrate’s ability to restore and re-lock

coherence without rupture.

This is the true origin of continuity, inertia, energy, time delay, quantization, and collapse. When
the demand is small and slow, the substrate responds effortlessly. When the demand becomes fast,
complex, or intense, the substrate begins to resist, delay, or fail.

Regime Substrate Response Observed Behavior

Within capacity Full re-locking, no delay or loss Smooth motion, Newtonian me-
chanics

Near capacity Partial delay, offload begins Inertia, quantization, relativis-
tic effects

Over capacity Rupture, emission, coherence
loss

Collapse, scalar offload, deco-
herence

This simple threshold structure governs every physical domain. Physics does not change with
scale—only the substrate’s ability to keep up. Classical physics arises when the substrate is operating
well below its pacing limits. Quantum and relativistic behaviors appear as those limits are approached.
Collapse and radiative behaviors mark the zones where the ask can no longer be fulfilled coherently.
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Why Newton Came First

Classical mechanics emerged first not because it was more correct—but because it described the
regime where the substrate is never strained. Newtonian physics is what coherence looks like when
the structural ask is gentle and the substrate responds effortlessly.

The apparent smoothness of Newtonian physics is the clearest evidence of the substrate’s
full bandwidth operation. We believed the world was continuous because we had never
asked it to be anything else.

In everyday motion, scalar recovery happens so quickly that its delay is invisible. Energy re-locks
without resistance, mass feels intrinsic, and time flows uniformly. The substrate absorbs our asks
without protest—and the classical laws appear exact.

Reaching the Edges

Only when we pressed harder—through greater speed, finer scale, or higher energy—did the
substrate reveal its limits. Time dilation, quantization, collapse, and coherence failure are not new
laws. They are the same law seen under strain.

• Relativity appears when the pacing of the substrate becomes a bottleneck.
• Quantum discreteness emerges when re-locking cannot occur more often than the scalar tick.
• Collapse occurs when structural demand exceeds causal containment entirely.
• Thermodynamic effects arise from cumulative scalar jitter under dense micro-asks.

Each domain we now treat as separate—classical, relativistic, quantum, thermal—is merely a
different region of substrate response to structured demand.

The True Arc of Discovery

We did not discover different laws. We discovered different ways the substrate answers under
pressure. Over time, physics partitioned itself into silos not because nature behaves differently in
each—but because we encountered the same constraint from different angles, unaware it was the same.

After stripping away every axiom, what remains is a single condition: structural change
must be fulfilled within the substrate’s causal capacity. This is not a model. It is the structural
law all models must obey.

3.2. Immediate Structural Consequences

If the substrate must fulfill all structural reconfiguration within its causal re-locking capacity,
then a series of immediate consequences follow—logically, structurally, and necessarily. These are not
additional assumptions or derived models; they are the inescapable behaviors of a substrate that must
honor causality, coherence, and conservation under strain.

Each of the following outcomes is not a separate law, but a distinct expression of how the substrate
behaves when responding to different types of structural asks.

3.2.1. Coherence Conservation

If the substrate is conserved, then no energy or structure can vanish. All physical behavior must
occur as reconfiguration of phase coherence, not its creation or destruction. What we interpret as
energy is the effort required to maintain or transform structured coherence within the field.

Energy is not something possessed by objects. It is the substrate’s effort to fulfill your request.

Mass, motion, and force are all stored as internal structural tension and released as coherent
re-locks or scalar offloads. Conservation is not a principle added on top—it is the inevitable outcome
of a finite substrate reconfiguring itself under causal constraint.
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3.2.2. Scalar and Transverse Propagation

The substrate cannot fulfill reconfiguration arbitrarily fast. It must propagate changes through
two distinct coherence modes:

• The scalar mode cs governs longitudinal recovery and coherence re-lock timing.
• The transverse mode ct: governs spatial coherence spread and wave propagation.

These two modes define the geometry of causality and the rhythm of physical response. No
structural change may propagate faster than the scalar mode allows. This enforces a universal timing
constraint—the tick—that governs all subsequent action.

3.2.3. Time as Scalar Pacing

Time is not a geometric backdrop; it is the interval between permitted substrate re-locks.
If the substrate must pause to recover coherence after each offload or deformation, then time

arises as the rhythm of those re-locks. A “tick” is not a clock artifact—it is the substrate’s minimum
coherence recovery interval, defined by:

ttick =
Lcoh
cs

where Lcoh is the coherence envelope size, and cs is the scalar recovery speed. In this view, time
dilation and quantum discreteness are not separate effects—they are what happen when the tick is
approached, stretched, or exceeded. The formalized structural expressions that govern scalar pacing,
inertial resistance, and coherence rupture are summarized in Appendix A.

3.2.4. Inertia as Re-lock Resistance

If you ask the substrate to reconfigure a mass-phase structure faster than it can recover, it resists.
That resistance is not mass—it is coherence drag. Inertia is simply the substrate saying “not yet.”

The sharper the gradient, the more curved the structure, the more expensive the re-lock. This
produces measurable delay and opposition: what we experience as inertial mass. But it is not
substance—it is reconfiguration tension at the edge of causal pacing.

3.2.5. Mass as Structured Demand

Mass is not a thing—it is the structural geometry of a standing coherence deformation. A mass-
phase object is a knot in the substrate: a region of saturated coherence that resists reconfiguration and
remains phase-locked unless scalar work is applied.

In QSD, mass is not a substance but a configuration. Its presence implies that the surrounding
substrate must conserve coherence, even while that coherence has been geometrically frozen inside
the mass. The result is a tension gradient: the surrounding field stretches and compresses to maintain
continuity with a non-yielding structure. That gradient is both the source of gravitational behavior
and the reason why mass is never isolated.

Mass imposes a cost not only locally (as inertia), but globally—by distorting the coherence field
around it.

• Its inertia comes from the drag imposed by attempted re-locking.
• Its energy is stored tension within a trapped coherence structure.
• Its gravitational behavior arises from the substrate’s effort to restore equilibrium around it.
• Its persistence reflects the substrate’s ongoing commitment to that structural configuration.

This reframing removes the need for intrinsic mass or fundamental particles. What we call “mat-
ter” is simply structure that the substrate has committed to support—until asked to do something else.
That support is not free: the substrate cannot simultaneously maintain perfect continuity around the
mass, and so it reconfigures tension asymmetrically. This asymmetry—imposed by conservation—is
what we later recognize as a gravitational field.
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The energy associated with mass arises not from a hidden reservoir, but from the stored coherence
tension locked in the structure itself. In QSD, this is captured by the structural identity:

E = m · cs · ct

where cs is the scalar recovery speed and ct is the transverse propagation speed. This expression
reframes the familiar E = mc2 not as a constant conversion factor, but as the product of timing and
spatial modes—the full substrate cost of maintaining a coherence structure that resists reconfiguration.

3.2.6. Gravity as Denied Equilibrium

When a mass-phase object saturates the substrate, it creates a tension imbalance. The surrounding
substrate attempts to resolve this by pushing coherence toward the mass. That tension gradient is
what we interpret as gravity.

In GST, gravity is not attraction—it is equilibrium denial. The substrate prefers to re-lock into
regions of lower tension, and mass holds a region out of equilibrium. Anything nearby tries to re-lock
downhill, and appears to “fall.”

This model requires no curvature of spacetime or separate gravitational field. It is the coherence
field seeking balance under scalar constraint.

3.2.7. Collapse and Emission as Pacing Failure

When the structural ask exceeds the substrate’s pacing capacity, the field cannot re-lock at all.
Instead, it must offload coherence energy in the form of scalar waves or rupture events.

Collapse is not a singularity—it is a pacing failure. Emission is not radiative magic—it is what the
substrate must do when re-locking fails.

If the field cannot restore coherence fast enough to preserve the structure, it breaks phase continu-
ity and releases the excess tension. This is the origin of:

• Scalar wave emission
• Quantized offloads
• Radiation bursts from collapse zones
• Irreversible decoherence

This is the hard edge of the law. When you ask too much, the substrate stops trying. What remains
is not failure—it is the most coherent release the field can manage under causal constraint.

Each of these consequences emerges not from assumption, but from the single rule: every
structural change must occur within the substrate’s causal capacity to support it. When that condition
is met, we observe coherence, continuity, and conservation. When it is strained, we observe resistance.
When it is broken, we see radiation, discreteness, and collapse.

3.3. The Physics Regime Map: Behavior as a Function of Structural Load

If all physical behavior is governed by how much structure is asked of the substrate—and how fast
that structure must be reconfigured—then the various domains of physics we know are not separate
laws, but different regimes of the same causal substrate law.

Each physical theory to date has emerged by observing one “zone” of substrate response. Newton
saw the smooth middle. Relativity revealed the pacing edge. Quantum mechanics glimpsed the tick.
Thermodynamics captured the jitter. Collapse physics reached the rupture threshold. And transport
phenomena like superconductivity and superfluidity revealed what happens when the structural ask
is perfectly matched to the substrate’s capacity.

This section presents a unified map of these regimes, not as historical artifacts, but as spatially
ordered zones along a single axis: the ratio of structural demand to substrate capacity.
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Structural Demand vs. Substrate Response

Physical Regime Substrate Response Observed Behavior

Newtonian Mechan-
ics

Substrate easily re-locks
structure without resis-
tance. Scalar tick is never
strained.

Smooth continuous motion,
inertial symmetry, linear
force–acceleration relation.

Relativity (SR / GR) High-speed motion
projects into scalar chan-
nel. Recovery delay
emerges.

Time dilation, length contraction,
upper velocity limit.

Quantum Mechanics Structural asks approach
minimum tick rate. Con-
tinuous response breaks
down.

Discrete energy levels, proba-
bilistic behavior, measurement
collapse.

Collapse / High-
Energy

Structural ask exceeds pac-
ing capacity. Substrate
cannot fulfill re-lock.

Scalar emission, wave rupture,
black hole-like collapse, quan-
tized offload.

Thermodynamics Many small asks accumu-
late jitter. Substrate can-
not cleanly recover phase.

Entropy, heat flow, irreversibility,
energy dispersion.

Superfluid / Trans-
port

Structural ask is perfectly
matched to substrate re-
covery and propagation.

Zero-loss motion, quantized vor-
tices, coherent transport across
space.

Interpretive Summary

Each regime corresponds to a different alignment—or misalignment—between the structural ask
made of the substrate, and the substrate’s ability to reconfigure that structure within its causal limit.

• When the demand is low → Newtonian physics.
• When the demand is fast → relativistic pacing emerges.
• When the demand is too fine → quantum discreteness appears.
• When the demand exceeds containment → rupture, scalar emission, collapse.
• When many demands accumulate → offload builds up as thermal jitter.
• When the demand is perfectly tuned → coherence persists without loss.

The laws of physics do not change between domains. What changes is how closely your
request presses against the substrate’s capacity to fulfill it.

This unified map reveals physics not as a collection of separate theories, but as the dynamic story
of what happens when a conserved coherence substrate is asked to do more—and do it faster. See
Appendix B.

Relation to Existing Theories

GST does not modify the mathematical structure of General Relativity or Quantum Field Theory.
Instead, it provides a structural explanation for why these models work where they do. Their
mathematics remains predictive because it effectively models substrate response within specific
constraints — smooth curvature and quantized excitations. GST defines the physical boundary
conditions of that success. Where new behavior arises (e.g., rupture, tick saturation), new
mathematics will follow — as a consequence of the substrate, not a contradiction of prior
models.
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3.4. Reconnecting the Disciplines: What Physics Was Really Seeing

Modern physics developed by studying the edges of substrate response—without knowing the
substrate existed. Each field emerged as a specialized interpretation of stress responses, observed
through the lens of limited theory and instrumentation.

From Newton’s smooth dynamics to quantum discreteness, from gravitational curvature to
thermal randomness, what we now recognize is that every domain was observing a different regime
of substrate constraint: structural ask versus causal pacing. See Appendix C.

Physics as Substrate Stress Interpretation

The following reinterpretations unify legacy physics under the single causal law of substrate
response. These are not replacements for successful models—but clarifications of what those models
were actually seeing.

Time Dilation In Special and General Relativity, time appears to slow with speed or gravitational field
strength. In QSD, this is pacing delay: the scalar mode cannot re-lock as quickly when structure
is strained by motion or curvature. Lorentz invariance is preserved—not because geometry
bends, but because scalar coherence delay enforces causal alignment.

Field–Particle Interactions Quantum Field Theory describes particles as excitations in quantized
fields. QSD reframes these excitations as localized coherence structures—persistent wave config-
urations embedded in a conserved substrate. Fields are not ontologically distinct; they are modal
regimes of substrate behavior under different constraints.

Entropy Statistical mechanics interprets entropy as a measure of microstate disorder. QSD reveals that
entropy emerges when many small asks accumulate scalar jitter. The substrate cannot re-lock
cleanly under dense excitation, so residual tension builds up as incoherent vibration—what we
observe as heat and irreversible diffusion.

Gravity General Relativity models gravity as curvature of spacetime around mass. QSD reinterprets
this as tension gradient rebalancing. A mass-phase structure locks coherence in place; the
substrate around it adjusts to restore equilibrium. The resulting push inward is not attraction—it
is scalar tension collapse toward conservation.

Quantization Quantum mechanics assumes discrete energy levels and jumps. QSD explains these as
pacing constraints. When structural re-locking demands exceed the tick threshold, the substrate
cannot respond continuously. Discrete re-locks emerge as a rhythm defined by causal pacing—not
because nature is digital, but because the substrate is finite.

The Illusion of Separation

What appeared to be different laws of nature were, in fact, the same substrate being asked different
things in different ways.

Relativity saw pacing delay. Quantum theory saw tick constraint. Thermodynamics saw
coherence jitter. Field theory saw structured substrate modes. They were all looking at the
same thing—the substrate—just at different levels of structural ask.

When reinterpreted through the lens of substrate response, each existing discipline becomes a
consistent, causal view of a shared medium—one governed not by arbitrary constants or fields, but by
the structural logic of coherence, pacing, and conservation.

What Changes, and What Doesn’t

• What changes: our understanding of cause. The substrate is revealed as the source of all behavior.
• What doesn’t: the successful predictions of existing theories. QSD doesn’t invalidate them—it

explains them.
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The result is not contradiction, but connection. The silos dissolve, and the disciplines reunite as
different languages describing the same causal field.

Physics was not wrong. It was incomplete. Now, with the substrate revealed, we can see what all of physics
has been describing: the behavior of a conserved coherence field under structural strain.

3.5. The Arc of Discovery and the Emergence of the Law

The law of substrate response was not invented by theorists. It was revealed by the universe
itself—through the slow and cumulative process of being asked too much.

Each advance in physics came from asking the substrate to do more: move faster, measure finer,
store more energy, or sustain more tension. What emerged were not new domains, but new symptoms
of substrate strain. These discoveries, once thought to be separate, now form a continuous arc: the
progressive exposure of a single conserved coherence field under increasing structural demand.

Newton: The Gentle Regime

Newtonian mechanics emerged in a world where all structural demands were modest. The coher-
ence substrate easily re-locked small, slow-moving mass-phase structures with no visible resistance.
Scalar pacing was never tested. Reconfiguration occurred smoothly, continuously, and reversibly.

In the Newtonian regime, the substrate operates well below its capacity. There is no observ-
able delay, no offload, no quantization. The physics appears smooth—because the substrate
never had to struggle.

Force, mass, and motion became the language of causal action—but they were merely surface
behaviors of a substrate working in easy mode.

Einstein: The Pacing Bottleneck

As technology advanced, we began to ask the substrate to re-lock structures more quickly. We
noticed that clocks ticked differently under speed and gravity. The substrate could no longer keep up
without delay.

Einstein revealed that the pace of interaction had a limit. Time dilation, length contraction, and
the speed-of-light ceiling all emerged when scalar recovery was no longer instantaneous. General
Relativity modeled this behavior with curved geometry—but what was being curved was not space—it
was the substrate’s causal bandwidth.

Quantum Mechanics: The Tick Appears

Where relativity revealed delay, quantum mechanics exposed the tick. As we pushed to probe
finer scales and faster frequencies, we encountered substrate saturation.

Suddenly, energy was no longer continuous. Electrons snapped between states. Photons appeared
in whole units. Superposition collapsed on observation. The substrate was no longer able to fulfill
every ask continuously—and it began to stutter. The tick was exposed.

Quantum discreteness is not a fundamental property of particles. It is what happens when
the substrate can no longer re-lock structure faster than its own causal interval.

The Unseen Law Beneath It All

Each of these discoveries described a real phenomenon—but none of them explained why they
emerged. Newton gave us force. Einstein gave us curvature. Schrödinger gave us probability. But they
were all approximating the same truth from different angles.

They were pressing against the same substrate. And it was beginning to push back.
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Not Theory—Revealed Structure

The law of substrate response was not deduced in a vacuum. It was discovered the hard way. We
built faster machines, colder traps, higher energies, and finer clocks. And the universe, slowly but
surely, began to say “no.”

What we call physics is the record of how far we’ve pushed the substrate—and what it gave us in
return.

Time dilation is pacing strain. Quantization is tick exposure. Entropy is scalar jitter. Collapse
is rupture. All of it is the substrate responding to what it was asked to do—at the pace it
could do it.

The coherence substrate is not a new invention. It is what physics has been describing all along,
through the symptoms of its limits. Now, with that substrate named, the law becomes visible:

All physical behavior is the result of a structural ask made against a conserved, causally
limited coherence field. This is not a new theory. It is what physics was always trying to
describe.

3.6. Predictions, Falsifiability, and Physical Simplicity

The General Substrate Theory (GST) is grounded not in speculative complexity, but in structural
simplicity. A single law — that all structural change must be fulfilled within the substrate’s causal
capacity — gives rise to all observed behavior. From this singular principle emerge the wide varieties
of motion, resistance, quantization, collapse, and radiation that modern physics has cataloged under
many names.

GST is not an unbounded explanatory metaphor. It is falsifiable. It makes precise, structural
claims about when coherence will persist, when it will resist, and when it must rupture. And it makes
predictions that can be tested — not in abstract, but in timing, offload, and energetic response.

Causal Balance Determines All Regimes

The core prediction of GST is this:

All physical behavior is governed by the causal balance between the ask made of the substrate
and the substrate’s ability to fulfill that request without rupture.

This balance determines whether the system behaves classically, relativistically, quantum mechan-
ically, thermally, or collapses outright. These are not domains of different theory — they are regimes of
the same field under different strain.

Pacing-Limited Phenomena Are Universal

GST predicts that the following behaviors all share a common origin: they are the visible effects
of scalar pacing constraints.

• Quantization arises when the substrate cannot re-lock more frequently than the scalar tick.
Discrete action is not fundamental — it is enforced causality.

• Inertia is resistance to rapid coherence reconfiguration. It reflects the energetic cost of realigning
phase structure across a timing bottleneck.

• Collapse and emission occur when the substrate’s pacing is fully overwhelmed. It cannot
reconfigure — so it ruptures, offloads, and resets.

• Time itself is defined by these pacing cycles. It does not exist outside of substrate rhythm.

All of these phenomena are structurally linked. Their variation in appearance comes from how
closely the system approaches the substrate’s causal boundary.

Testable Signatures of Scalar Offload and Coherence Memory

GST predicts scalar-mode offload and residual coherence effects in specific circumstances where
structural pacing breaks down or where coherence is suddenly terminated.
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These include:

• Precursor pulses in supernova events or collapse zones — scalar emissions arriving before
neutrinos or photons.

• Geometry-dependent inertia — structured objects (e.g., porous or nanolatticed masses) should
exhibit different inertial response than homogeneous ones, due to boundary re-locking complexity.

• Coherence memory effects — scalar emission or collapse from one region should imprint a
short-lived re-lock preference or symmetry axis in surrounding substrate zones.

• Discretized emission — collapse events should exhibit quantized energy offload corresponding
to coherence envelope breakup thresholds.

Each of these is observable or inferable from real-world data — especially from gravitational
wave detectors, neutrino observatories, inertial platforms, and materials science experiments involving
ultra-fast deformation or coherence breakage.

Simplicity at the Core, Richness in Expression

GST offers not many laws — but one. Not many fields — but one conserved coherence substrate.
The richness of physical behavior arises not from theoretical complexity, but from how the law
expresses itself under different structural, geometric, and pacing conditions.

This leads to a key insight:

You do not need a new theory for every domain of physics. You need one structural law —
and a way to understand what happens when that law is strained, saturated, or exceeded.

Suggested Experimental and Observational Discriminants

While the GST framework recovers the predictions of classical, relativistic, and quantum physics
in their appropriate limits, it also offers distinctive extensions that may be experimentally falsified or
confirmed:

• Detection of scalar precursor waves ahead of neutrinos or light from collapse events.
• Measurement of inertial variation across identically massive objects with differing coherence-

boundary geometry.
• Observation of quantized offload steps during controlled coherence rupture in condensed matter

systems.
• Residual phase patterns or re-lock directionality in scalar-depleted regions — supporting coher-

ence memory.
• Discovery of substrate pacing constraints that limit emission intervals in ultra-high frequency

energy sources.

Each of these outcomes would support the GST model of coherence pacing, scalar tension, and
substrate conservation. Their absence under conditions of expected strain would challenge or refute
the model. See Appendix D

GST is not a metaphysical claim. It is a causal physical framework that invites testing — and
offers clarity, coherence, and constraint in return.

4. Conclusions
At the foundation of all observed physics lies a single conserved coherence substrate. This

substrate does not move, exchange particles, or obey multiple competing laws. It simply reconfigures
structure—when asked to—at the pace it can causally support.

This is not a model of physics. It is the condition under which all models must operate.
Everything we observe—motion, resistance, quantization, radiation, collapse—follows directly

from one principle: structural demand must be fulfilled within the substrate’s causal recovery limit.
The complexity we attribute to fields, particles, or curvature is not fundamental. It is the expression of
how coherence re-locking succeeds, delays, or fails under structural strain.
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• Geometry becomes the demand we place on the field.
• Time becomes the rhythm of scalar recovery between re-locks.
• Energy becomes the effort required to sustain or change structure.
• Mass becomes a coherence knot held in tension.
• Inertia becomes the cost of reconfiguration.
• Gravity becomes the substrate’s push toward equilibrium.
• Quantization becomes the consequence of tick-limited response.

The universe is not made of parts. It is made of coherence structure—organized, delayed, resisted,
or ruptured by a conserved substrate doing its best to remain whole.

All behavior emerges from how hard you ask, how fast you ask it, and whether the substrate
can keep up.

This is not speculative. It is causal. It explains classical mechanics as the low-strain regime. It
recovers relativity as a pacing effect. It grounds quantization in timing limits. It explains collapse,
scalar waves, entropy, and the Planck scale—not as separate mysteries, but as unified expressions of
one law applied under different constraints.

GST does not require a new particle, force, or dimension. It requires only that we recognize what
physics has been circling for centuries: that beneath all structure lies coherence—and beneath all law,
only this:

No structure may change faster than the substrate can coherently re-lock it.

This theory proposes a structurally conserved substrate model from which many known physical
behaviors emerge — and from which others may be predicted. Whether this framework is sufficient to
describe all physical law remains to be determined by its capacity to explain and predict.
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Abbreviations
The following abbreviations are used in this manuscript:

QSD Quantum Substrate Dynamics
cs Scalar coherence recovery speed (temporal mode)
ct Transverse coherence propagation speed (spatial mode)
L0 Baseline coherence length at rest
Lcoh(r) Curvature-stretched coherence support length
α Gravitational curvature constant
ϵ Curvature coupling efficiency
v Velocity relative to substrate
ttick Local scalar recovery interval (time tick)
t0 Tick duration at rest
γ Lorentz factor (inherited form from conservation triangle)
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GPS Global Positioning System
SR Special Relativity
GR General Relativity

Appendix A. Canonical Equations
This appendix collects the fundamental equations used throughout General Substrate Theory

(GST). These expressions define the substrate’s structural behavior, causal pacing, and the energy
cost of coherence configurations. They are not postulated independently, but derived as necessary
consequences of the Substrate Response Law.

Appendix A.1. Substrate Response Constraint (Core Law)

Structural demand ≤ Causal re-locking capacity

Expressed functionally, all physical behavior must obey:

∆Φstructure ≤ ∆Φrecoverable
ttick

where ∆Φ represents substrate phase deformation and ttick is the minimum causal interval for coher-
ence recovery.

Appendix A.2. Scalar Tick Duration

The scalar re-locking interval defines the substrate’s pacing limit:

ttick =
Lcoh
cs

where:

• Lcoh is the coherence support length (envelope size),
• cs is the scalar recovery speed (longitudinal mode).

Appendix A.3. Energy from Structured Demand

The energy required to maintain or reconfigure a mass-phase structure is given by:

E = m · cs · ct

where:

• m is the structural demand (mass as persistent coherence),
• ct is the transverse coherence propagation speed.

This replaces E = mc2 with a mode-specific substrate cost expression.

Appendix A.4. Time as Substrate Pacing

Time is the countable progression of coherence recovery events:

∆t = n · ttick

where n ∈ N counts successful scalar re-lock cycles. When pacing strain occurs, ttick dilates.

Appendix A.5. Gravitational Tension Gradient (Heuristic Form)

The effective acceleration due to a static mass-phase structure can be approximated as:

a(r) = −∇
(

Elocked
Lcoh(r)

)
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where the radial variation of coherence tension due to mass-induced substrate saturation defines a
gravitational push toward equilibrium.

Appendix A.6. Collapse Threshold (Planck Limit Variant)

The substrate fails to re-lock when energy density within a coherence envelope exceeds the causal
containment limit:

Ecollapse =
c4

t
G

· Lcoh

This is the GST-form of the Planck collapse boundary, where G reflects curvature compliance and
Lcoh is the structural coherence support.

Appendix A.7. Re-lock Operator

We define the symbol ζ to represent a scalar coherence re-lock operation. This operator denotes
the causal reconfiguration of a coherence structure by the substrate, subject to pacing constraints. A
successful ζ-action preserves continuity and stability; failure results in scalar offload or collapse.

ζ(Φ) → Φ′ iff τask ≥ ttick

where:

• Φ is the local coherence configuration,
• τask is the timing between structural asks,
• ttick is the minimum scalar recovery interval.

If ζ is attempted faster than ttick, the operation fails:

ζ(Φ) ̸→ Φ′ ⇒ offload or rupture

These equations are sufficient to derive all downstream expressions in QSD and beyond. They
frame physics not in terms of force and particles, but in terms of structural tension, coherence timing,
and causal re-lock conditions.

Appendix B. Physics Regime Map
The behavior of a conserved coherence substrate varies as a function of the structural demand

placed upon it and the rate at which that structure must be reconfigured. This appendix organizes the
known physical regimes into response zones along a single axis: the ratio of structural ask to substrate
causal capacity.
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Appendix B.1. Load-to-Capacity Regime Table

Physical Regime Substrate Response Observed Behavior

Newtonian Mechanics Re-locks occur effortlessly. Substrate
operates far below pacing limit.

Smooth, continuous motion; classi-
cal inertia; F = ma.

Special / General Relativity High-speed or high-mass gradients
push against scalar pacing. Delay
emerges.

Time dilation, length contraction, ve-
locity limits, gravitational redshift.

Quantum Mechanics Structural asks reach tick boundary.
Re-locking becomes discrete.

Quantized energy levels, uncer-
tainty, non-classical transitions.

Collapse / High-Energy Ask exceeds substrate capacity. Pac-
ing fails.

Scalar emission, coherence rupture,
black hole-like collapse.

Thermodynamics Many micro-asks accumulate scalar
jitter. Coherence can’t fully recover.

Entropy increase, heat flow, irre-
versible dynamics.

Superfluid / Transport Ask is finely tuned to recovery rate.
Substrate remains coherent.

Zero-resistance motion, quantized
vortices, phase transport.

Appendix B.2. Interpretive Framing

The regimes above are not separated by different laws, but by different stress conditions imposed
on the same substrate:

• When the demand is gentle → Newtonian regime.
• When the demand is fast → relativistic effects emerge.
• When the demand is frequent or fine → quantization appears.
• When the demand exceeds containment → collapse and emission occur.
• When many small demands accumulate → heat and entropy arise.
• When the demand is perfectly matched → transport phenomena emerge.

Appendix B.3. Substrate Response Curve

Smooth Re-locking

Delayed Recovery

Discrete Re-lock

Offload / Rupture

Thermal Jitter

Perfect Transport

Increasing
Structural Demand

Newtonian

Relativity

Quantum

Collapse

Thermodynamics

Superfluid

Figure A1. Substrate regime map: each physics domain arises from increasing structural demand on the substrate.
Regimes appear at the level of response (vertical) where the substrate begins to express strain.

• Left side: Newtonian zone — wide band, smooth substrate behavior.
• Middle: narrowing band through relativistic and quantum regimes.
• Far right: collapse threshold and rupture zone.
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• Below band: thermodynamic offload region (many small asks).
• Above band: superfluid transport corridor (fine-tuned match).

This figure reinforces the idea that all physics regimes are load zones of a single causal substrate
law.

The Regime Map demonstrates that GST does not require separate theoretical foundations for
different branches of physics. Each is simply a manifestation of how the substrate balances structural
demand against recovery bandwidth under different conditions.

Appendix C. Ontological Replacements
The General Substrate Theory (GST) does not discard the language of classical or modern physics,

but reinterprets its terms through a coherence-based structural ontology. Many concepts that are
treated as fundamental entities in existing theories—mass, energy, force, field—are reframed in GST as
emergent behaviors of a conserved coherence substrate responding to structural ask.

This appendix provides a reference table of ontological replacements: how key concepts are
redefined within the substrate framework.

Existing Concept GST Structural Interpretation

Mass Persistent coherence deformation held in a phase-locked state;
a stored structural demand that resists reconfiguration.

Inertia Substrate resistance to re-locking a coherent structure across
time; scalar pacing drag in response to abrupt structural
change.

Energy Substrate effort required to preserve or change a coherence
structure; quantifies tension, phase load, and recovery work.

Time Scalar tick rhythm—the interval between coherence recovery
events; defined by ttick = Lcoh/cs.

Force Emergent effect when a system attempts to change structure
beyond substrate recovery pacing; re-lock strain expressed
over time.

Gravity Result of equilibrium denial: tension gradient surrounding
a phase-saturated region; coherence seeks re-lock in lower
tension zones.

Spacetime Emergent geometry describing relational coherence behavior;
not a container, but a projection of pacing and phase continuity.

Fields (EM, QFT) Stable modal configurations of coherence in transverse or
scalar channels; structured behaviors of the substrate under
boundary and conservation conditions.

Particles Quantized outcomes of structural collapse or transport;
substrate-localized coherence structures with discrete recovery
boundaries.

Heat / Entropy Accumulated scalar jitter from many unsynchronized asks;
substrate offload from coherence saturation.

Collapse Substrate pacing failure; structure exceeds recovery band-
width, resulting in rupture, offload, or scalar wave emission.

Quantization Enforced discreteness due to tick-limited re-locking; not a fun-
damental ontology, but a constraint on substrate continuity
under demand.

Vacuum Coherence-neutral substrate state; a region of minimal struc-
tural commitment, capable of supporting new re-locking or
scalar response.
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Appendix C.1. Interpretive Summary

GST reinterprets physical entities not as independent primitives, but as the visible expressions of
how a conserved substrate balances structural demand with causal capacity. In doing so, it collapses
many independent postulates into a single, coherent ontology grounded in:

• Pacing constraints (timing and tick)
• Structural load and resistance (geometry)
• Recovery dynamics (coherence preservation)
• Offload and collapse behavior (failure modes)

Where existing physics names effects, GST names causes.

Appendix D. Experimental Discriminants
A foundational theory must do more than explain — it must predict and risk being wrong. GST

makes structural, pacing-based predictions that differ meaningfully from conventional field, particle, or
geometric frameworks. This appendix catalogs a set of experimental and observational discriminants
that could support or refute key GST claims.

Appendix D.1. Rotational Heating as a Proxy for Inertial Drag

Prediction: Structural inertia arises from scalar re-lock resistance. When a mass-phase object is
rotated, the substrate must re-lock the internal coherence structure across time and geometry. If that
re-locking is complex, part of the effort will be shed as scalar offload — experienced as measurable
rotational heating.

• Test: Spin two geometrically distinct but equally massive objects (e.g., one solid sphere and one
porous or nanolatticed shell) using identical torque input. Use a calorimetric or IR-based system
to measure temperature rise and dissipation rate during and after spin-up.

• GST Signature: The more structurally complex object will exhibit greater internal heating due to
scalar jitter and offload from inefficient re-locking. This effect is unrelated to surface friction or air
resistance and persists in vacuum.

Interpretive Detail: In GST, rotational inertia reflects the substrate’s effort to maintain coherent
phase alignment across an object undergoing angular acceleration. Structures with greater internal
geometric complexity — such as lattice frameworks, porous materials, or composite discontinuities —
impose more distributed coherence re-locking demands. As the substrate struggles to re-lock these
regions synchronously under rotation, it accumulates pacing strain and sheds excess effort as scalar
offload. This offload manifests as internal heating, even in the absence of external friction.

Rotational heating thus serves as a measurable proxy for inertial drag caused by geometric coherence
complexity — a signature predicted by GST but absent in classical mass-only models.

Appendix D.2. Scalar Wave Emission Precursor Events

Prediction: High-strain collapse events (e.g. supernovae, black hole mergers) should emit scalar
coherence waves prior to standard electromagnetic or neutrino signatures.

• Test: Analyze multi-detector astrophysical data for pre-event pulses arriving ahead of light and
neutrinos — uncorrelated with charged particle behavior.

• GST Signature: Early-arriving non-EM signals at or near gravitational-wave frequencies, phase-
locked to the collapse geometry.

Appendix D.3. Quantized Offload Steps in Controlled Collapse

Prediction: Collapse or emission events involving discrete structural failure (e.g. plasma pinch,
fast lattice breakdown) should release energy in quantized bursts, matching envelope-based offload
thresholds.
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• Test: Monitor coherence rupture processes in condensed matter systems (e.g. femtosecond laser
disruption, nanostructure failure).

• GST Signature: Stepwise energy release at thresholds consistent with E = n · c4
t

G · Lcoh or multiples
of envelope breakdown units.

Appendix D.4. Coherence Memory Imprint

Prediction: After a major scalar offload or collapse event, the surrounding substrate should
exhibit temporary coherence asymmetries or directional memory.

• Test: Interrogate the region around a strong emission source with follow-up pulses; look for
angular variation or anisotropic re-lock bias.

• GST Signature: Localized directional preference or phase coupling bias that decays over time —
not predicted by conventional field relaxation.

Appendix D.5. Upper Bound on Frequency Emission / Tick Violation Limit

Prediction: Emissions cannot exceed the substrate’s scalar tick rate without collapse or offload;
this defines a hard upper bound on frequency.

• Test: Attempt to induce ultra-high frequency oscillations beyond 1/ttick in materials or photon
sources.

• GST Signature: Emission stalls, fragments, or collapses into scalar radiation or chaotic jitter
above tick-saturation.

Interpretive Summary

Discriminant GST-Specific Prediction

Inertial Geometry Inertia varies with boundary complexity, not just
mass.

Scalar Precursor Emission Coherence rupture precedes photons/neutrinos.

Quantized Collapse Steps Offload occurs in discrete coherence unit thresh-
olds.

Coherence Memory Effect Substrate retains directional bias post-rupture.

Frequency Upper Bound No coherent emission above tick-rate without fail-
ure.

These discriminants define clear pathways for falsifying GST. Their presence supports the theory’s
coherence-pacing framework. Their consistent absence, especially under controlled stress conditions,
would challenge its validity.
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