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Chapter 1

abstract

This book presents the Substrate–Plexus Theory in direct, non-technical language. It describes the
pre-geometric substrate from which spacetime, time, particles, and all physical law emerge through
a single connectivity-driven process. Part I explains the state before time existed. Part II describes
the ordered phase in which time, the universe, structure, life, and intelligence appear.

Contents
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Part I

Before Time Existed
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Chapter 2

What Came Before

There exists a substrate more primitive than spacetime itself. It is a dynamic, quantized precursor
to spacetime—a system of fleeting connections that continuously form, dissolve, and reform. These
connections do not yet define distance, direction, or duration in any conventional sense. The
substrate lacks a metric.

Even in this pre-geometric state, the pathways possess a primitive form of activity in their
internal degrees of freedom. This activity is a precursor to energy. Not all configurations persist.
The smallest and weakest pathway configurations fail to endure. Those with sufficient internal
activity survive for a minimal interval, called a tick. This introduces a natural selection process:
only sufficiently persistent pathways continue to exist.

From this process emerge the minimal, meaningful scales: a smallest meaningful length, a
smallest meaningful time, and a corresponding energy scale. These are the Planck scales. They
arise from the intrinsic properties of the substrate itself.

At this stage there are no conservation laws, no symmetries, and no guarantee that all configu-
rations are accounted for. There is only a fluctuating measure of connectivity—how frequently and
how persistently pathways link together in local regions.

2.1 The Emergence of Time and Spacetime

As connectivity varies across the substrate, a critical threshold is reached at which pathway connec-
tions persist long enough for their behavior to be averaged. At this critical point a metric emerges.
Repeated formation of connections allows the definition of an average separation between events.
For the first time it becomes meaningful to speak of distance.

This marks the birth of spacetime. Simultaneously, the persistent formation of pathways in-
troduces a preference in how connections occur. The system is no longer purely random. Certain
patterns form more frequently than others. This preference is called bias. Bias is the seed from
which all physical laws arise.

Spacetime is therefore a continuously renewing network of pathway connections. It appears
continuous only because of averaging over immense numbers of microscopic reconnections.

2.2 The Emergence of Structure

Once spacetime exists as a persistent network of pathways, closed loops—circulations—can form.
These circulations give rise to stable structures. These structures are localized topological patterns
of spacetime itself.

6



2.3. SYMMETRY AND CONSERVATION 7

Different pathways carry different intrinsic properties (phase, orientation, chirality), allowing
different types of circulations. Three classes become especially significant: electromagnetic path-
ways, strong pathways, and weak pathways. Collections of these pathways form plexuses, each
corresponding to one of these fundamental types.

A circulation within a plexus amplifies the local bias of that network. This amplification is
identified as charge. Charge is a manifestation of circulation within a given plexus.

2.3 Symmetry and Conservation

As multiple circulations interact, only certain configurations maintain consistent feedback. Paired
circulations cancel their effects. Strong-sector circulations form multi-lobed structures that are
intrinsically self-balancing. These stable arrangements correspond to symmetries.

Conservation laws arise because only configurations that preserve their internal bias relation-
ships can continue to reconstruct. Any imbalance that cannot be sustained by the substrate quickly
dissolves.

Symmetry is self-consistent amplification of bias.

2.4 Particles as Self-Sustaining Structures

Stable combinations of circulations form persistent structures. These are particles. A particle is
a self-sustaining pattern of amplified bias—a structure that continuously modifies the substrate so
that it will be rebuilt.

At larger scales this sustained amplification appears as stored bias: the coarse-grained measure
of how strongly the structure modifies the substrate. Thus stored bias is the coarse-grained amplified
bias.

Particles exist only because this feedback loop persists. Without it the renewal process would
revert to randomness and no stable structure could survive.

2.5 The Origin of Mass and the Higgs Mechanism

Some particle structures are simple and reform themselves each renewal cycle. Others combine
pathways from multiple plexuses (electromagnetic, weak, strong) into a single coordinated struc-
ture. These mixed-plexus structures face a challenge: the substrate does not naturally produce all
required pathway types in perfect balance.

To remain stable the structure must influence the substrate. Each renewal cycle the circulation
increases the probability of the specific pathways needed to reconstruct itself. In this way the
particle continuously shapes the substrate that rebuilds it.

This amplification is maintained continuously through ongoing renewal. At larger scales it
appears as stored bias. Mass is the amount of amplified bias required for a structure to exist:

Mass ∝ amplified bias.
The more complex the structure, the more amplification is required and the more massive the

particle appears.



2.6. THE HIGGS AS A DYNAMICAL LAG 8

2.6 The Higgs as a Dynamical Lag

When the renewal environment is uniform the amplified bias is sufficient to maintain the structure.
When a gradient is present the particle must reconfigure in a preferred direction. The substrate
cannot instantly reproduce the corresponding bias pattern. The amplified bias that sustains the
particle lags behind the evolving structure.

This lag is the Higgs: the retarded adjustment of amplified bias. The Higgs boson is a transient
excitation of this delayed bias response. To maintain stability the lag must be continually compen-
sated. The greater the required bias, the more difficult the adjustment becomes. This resistance
to change is inertia.

Concept Meaning in SPT
Bias Modification of how the substrate forms pathways
Circulation Feedback process that amplifies bias
Stored Bias Coarse-grained measure of amplified bias
Mass Amount of amplified bias required for a structure to exist
Higgs Mechanism Retarded adjustment of amplified bias during reconfiguration
Higgs Boson Transient excitation of delayed bias response
Inertia Resistance arising from lag in amplified bias

Table 2.1: Core concepts and their meaning in the Substrate–Plexus Theory.

2.7 Motion as Reconstruction

A particle is a circulation pattern that is continually dissolved and rebuilt within the renewing
network. At each renewal step the particle does not reproduce itself exactly. Each reconstruc-
tion is slightly different from the last. This produces quantum jitter: imperfect reconstruction of
circulation.

Even without external influence the particle undergoes a stochastic sequence of reconstructions.
This is quantum uncertainty.

2.8 Inertial Frames

In a uniform renewal environment all directions of reconstruction are statistically equivalent. The
particle undergoes a symmetric random walk in its reconstruction pattern. Velocity is an observer-
dependent description of the same stochastic reconstruction of the particle. There is no absolute
motion—only differences in how reconstruction patterns are observed.

2.9 Acceleration and Non-Inertial Frames

A non-inertial frame corresponds to a situation in which one or more plexuses exhibit a gradient
in bias. The renewal process is no longer symmetric. Certain pathways become more probable
than others. As the particle is rebuilt its internal circulations preferentially reconfigure along these
favored pathways. Acceleration is biased reconstruction under gradients. Over many renewal steps
this produces a systematic shift that appears as macroscopic acceleration.



2.10. MOTION AS TOPOLOGICAL MIGRATION 9

2.10 Motion as Topological Migration

Nothing moves through space. A particle is a localized topology of the spacetime network itself.
What changes is the location at which this topology is reconstructed. At each step the pattern
is rebuilt slightly displaced from its previous configuration. Over many steps this creates the
appearance of motion through a smooth manifold. Motion is migration of a topology through
repeated reconstruction.

2.11 Energy, Binding, and the Transport of Bias

Energy describes changes in how bias is distributed within the substrate. Mass corresponds to bias
that is stably maintained. Energy corresponds to bias that is being reorganized, transferred, or
released. Energy is reconfiguration of bias.

When particles combine their shared structure often requires less total bias than when they
are separate. They share pathways, reduce mismatches, and eliminate redundant constraints. This
lowers the total bias required to maintain the system. The excess bias is released outward:

Ebind = −∆Bstored.

2.12 Bosons as Transport Modes

Bosons are transport modes of bias between circulation structures.

2.13 Radiation and Temperature

Radiation is expelled retarded bias. Temperature is a measure of the average energy of these
reconfigurations.

2.14 Gravity as Geometry of Spacetime

Gravity is the geometry of spacetime induced by bias. Bias acts as a geometric distortion of the
renewal network.

2.15 Bias as Geometric Distortion

A local excess of bias distorts the statistical distribution of pathway reconstructions. This distortion
is what appears as curvature.

2.16 Geodesics as Preferred Reconfiguration Paths

Geodesics are the paths of least resistance for reconstruction under bias gradients.

2.17 Universality of Gravity

Gravity is universal because every circulation structure contributes to bias. All structures therefore
respond to the same geometric distortion.



2.18. ACCELERATION REVISITED 10

2.18 Acceleration Revisited

Acceleration in a gravitational field is the biased reconstruction caused by the local gradient in
bias.

2.19 Mass and Curvature

Mass is stored bias. Curvature is the geometric response of the substrate to that stored bias.

2.20 Gravity Summary

Gravity is the self-consistent geometric closure of the universal second-order bias response.

2.21 A Remarkable Consequence

The same mechanism that produces inertia and gravitational attraction also guarantees the equiv-
alence principle: the gravitational mass and inertial mass of any structure are identical because
both originate from the same stored bias.

2.22 Summary of the Basic Ideas

Before time existed the substrate consisted of renewing pathways with no metric. At a critical
connectivity threshold a metric emerged and bias appeared. Circulations within plexuses amplified
bias, giving rise to particles, mass, and the Higgs lag. Motion is repeated reconstruction of topo-
logical patterns. Energy is bias reconfiguration. Gravity is the geometry induced by bias. All of
physics follows from this single process.



Part II

The Beginning of Time (and
everything else)
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Chapter 3

From Beginning to Becoming: The
Emergence of the Universe

3.1 Before Spacetime

The substrate existed prior to any ordered phase.

3.2 The Critical Transition

At the critical connectivity λc the disordered regime gave way to persistent connectivity.

3.3 The First Coherence

Persistent connectivity allowed the first stable patterns to form.

3.4 Ordering Without Expansion

Order appeared through bias lock-in and circulation condensation without requiring spatial expan-
sion.

3.5 The Emergence of Time

Time emerged as the accumulated ordering of irreversible reconstruction once persistent patterns
existed.

12



Chapter 4

From Phase-Lock to the First Stars

4.1 Plexuses and the First Organized Structure

The electromagnetic, weak, and strong plexuses formed the first organized structures.

4.2 The Emergence of Photons: Transport Before Structure

Photons emerged as counter-rotating electromagnetic circulation pairs.

4.3 The Emergence of Neutrinos

Neutrinos emerged as minimal weak-sector circulations.

4.4 The Gradual Emergence of Other Particles

4.4.1 Neutrons, Protons, and the Role of Multi-Sector Structure

Protons and neutrons formed as multi-sector knots with strong-sector tri-constraint closure.

4.5 Formation of Light Nuclei

Light nuclei formed through plexus competition and bias minimization.

4.6 Decoupling of Radiation

4.6.1 Atoms

Atoms formed as entangled proton-electron shared bias structures.

4.6.2 Cosmic Microwave Background (CMB)

The CMB is the radiation released at decoupling.

13



4.7. GRAVITY AND THE FORMATION OF STRUCTURE 14

4.6.3 Expansion, Redshift, and the Cooling of the CMB

Expansion, redshift, and cooling followed from the continued renewal dynamics.

4.7 Gravity and the Formation of Structure

4.7.1 Gravity as Bias Feedback

Gravity acted as recursive bias feedback.

4.7.2 From CMB Anisotropy to Gas Clouds

CMB anisotropy seeded structure formation through bias amplification.

4.7.3 First Stars

The first stars formed from gravitational collapse of gas clouds.

4.7.4 Fusion

Fusion occurred through topological constraint shedding in the strong plexus.

4.7.5 Supernova

Supernovae dispersed heavier elements.

4.7.6 Black Holes

Black holes formed as local connectivity transport breakdown.

4.7.7 Galaxies

Galaxies formed through continued structure formation.

4.7.8 Dark Matter

Dark matter phenomenology arose from recursive infrared bias feedback.

4.7.9 A Synchronized Universe

The universe became synchronized through shared bias dynamics.

4.7.10 A Self-Organizing Universe

The universe continued to self-organize through the same renewal processes.



Chapter 5

Solar System

5.1 Earth

The solar system and Earth formed through standard gravitational and chemical processes within
the SPT framework.

15



Chapter 6

Life

6.1 Cells

Cells emerged as self-sustaining bias-reconstruction systems.

6.2 Photosynthesis

Photosynthesis harnessed bias reconfiguration for energy.

6.3 Eukaryotes – Cells Gain a Nucleus

Eukaryotes developed more complex internal bias organization.

6.4 Sponges – Multicellular Life

Multicellular life arose through coordinated bias sharing between cells.

6.5 Muscles, Nerves, Motion, and a Brain

Specialized structures enabled motion and centralized pattern control.

6.6 Cambrian – Diversity Explodes

The Cambrian explosion reflected rapid diversification of bias-controlled patterns.

6.7 Fish

Fish developed more advanced locomotion and sensory systems.

6.8 Land Ho!

Transition to land required new bias-minimization strategies.

16



6.9. AMPHIBIANS 17

6.9 Amphibians

Amphibians bridged aquatic and terrestrial environments.

6.10 Reptiles

Reptiles developed amniotic eggs and more efficient bias management.

6.11 Dinosaurs

Dinosaurs represented a peak of large-scale bias-controlled organisms.

6.12 Mammals

Mammals developed advanced neural pattern control.

6.13 Humans

Humans achieved the highest degree of substrate-level pattern control observed.



Chapter 7

How We Learned to Understand the
World

7.1 Earth, Air, Fire, and Water

Early conceptual frameworks described the world in terms of observable patterns.

7.2 The Spheres and the Structure of the Cosmos

Ancient models placed Earth at the center of concentric spheres.

7.3 The Earth-Centered Universe

The geocentric model dominated for centuries.

7.4 The Sun-Centered Revolution

The heliocentric model replaced the geocentric view.

7.5 Newton and the Laws of Motion

Newton formalized the description of motion and gravity.

7.6 Kinematics and Predictability

Kinematics provided predictive power within the emergent spacetime.

7.7 Einstein and the Geometry of Spacetime

Einstein described gravity as curvature of spacetime.

18



7.8. QUANTUM MECHANICS AND THE LIMITS OF CERTAINTY 19

7.8 Quantum Mechanics and the Limits of Certainty

Quantum mechanics revealed the stochastic reconstruction underlying particles.

7.9 Quantum Field Theory

Quantum field theory described interactions through field excitations.

7.10 The Standard Model

The Standard Model unified the known particles and forces.

7.11 A New Perspective

The Substrate–Plexus Theory provides the deeper substrate from which all of the above emerge.



Chapter 8

Intelligence and Self-Awareness as
Pattern Control

8.1 Introduction

Intelligence and self-awareness are expressions of pattern control within the renewal substrate.

8.2 Pattern Cascade: The Context

All biological and cognitive processes operate as cascades of bias-controlled patterns.

8.3 Definition: Intelligence

Intelligence is the ability to access and control deeper layers of the pattern hierarchy.

8.4 Definition: Self-Awareness

Self-awareness is the recursive recognition of one’s own pattern-control processes.

8.5 Substrate–Plexus Translation

Biological intelligence translates directly into substrate-level control of renewal pathways.

8.6 Non-Biological Generality

The same principles apply to any sufficiently complex pattern-control system.

8.7 Depth of Control: Intelligence as Access to Deeper Pattern
Layers

8.7.1 The Ultimate Substrate of Control

The deepest level of control is direct influence over the renewal substrate.
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8.7.2 Intelligence as Progressive Substrate-Plexus Inclusion

Higher intelligence corresponds to greater inclusion of substrate dynamics.

8.7.3 Substrate Control as the Natural Asymptote

The natural limit of intelligence is complete substrate-level control.

8.7.4 Connection to Self-Awareness

Self-awareness emerges when pattern control becomes reflexive at the substrate level.

8.8 Summary

Intelligence and self-awareness are natural consequences of progressive mastery of the renewal
substrate.



Chapter 9

The Future of the Universe

9.1 A Universe Driven by Connectivity

The long-term evolution of the universe is governed by the continued dynamics of connectivity λ.

9.2 Expansion as a Signature of λ̇

Cosmic expansion is the observable signature of slow change in connectivity.

9.3 Dark Energy and the Growth of Connectivity

Dark energy is residual vacuum bias associated with the growth of connectivity.

9.4 What Dark Energy Tells Us About the Future

Continued slow increase in λ implies continued expansion.

9.5 The Near-Term Future: Continued Structure

Structure formation and stellar evolution will continue for many billions of years.

9.6 Long-Term Evolution: Increasing Rigidity

Over cosmic timescales the plexus networks become increasingly rigid.

9.7 An Alternative: Fluctuating λ

If λ fluctuates, episodic phases of order and partial disorder are possible.

9.8 Episodic Spacetime

The universe may experience multiple ordered phases separated by periods of lower connectivity.
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9.9 A Deeper Perspective on “The End”

The ultimate fate is not heat death but continued evolution of the connectivity substrate.

9.10 Intelligence and the Future of λ

Advanced intelligence may eventually influence the large-scale evolution of λ.

9.11 A Continuous Process

The universe remains a continuous process of renewal and self-organization.

9.12 Final Reflection

From a pre-geometric substrate with no time, no space, and no laws, the ordered phase has produced
the full richness of the observable universe. The same mechanism continues to operate. The future,
like the past, is governed by the dynamics of connectivity, bias, and circulation.

.1 Glossary of Core Concepts

Bias is the statistical preference in renewal-path formation. Charge is quantized net electromagnetic
circulation. Circulation is a persistent phase-wound renewal pattern. Coarse-graining is averaging
over enormous numbers of renewal events. Connectivity λ is the single control parameter governing
the phase transition. Distance is the coarse-grained renewal cost between persistent regions. Energy
is reconfiguration of bias. Gravity is the universal second-order response to structured bias. Higgs
is the retarded adjustment of amplified bias. Mass is stored bias required for multi-sector closure.
Motion is migration of a topology through repeated reconstruction. Plexus is a persistent, bias-
dominated connectivity network. Spacetime is the large-scale coarse-grained description of ordered
connectivity networks.
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