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Executive Summary

This essay maps the structural coherence of a unified electromagnetic model across scales from 
fundamental particles to human consciousness. Beginning with Van der Mark's toroidal photon 
model and integrating Robinson's electromagnetic gravity, Maxwell's quaternion formalism, and 't 
Hooft's cellular automata framework, we trace how a single topological principle—coherent phase-
locking of electromagnetic vortices—manifests at every scale of organization. By examining 
supporting evidence from established physics, biochemistry, and biology, we demonstrate that each 
level of complexity can be understood as emergent coherence patterns rather than requiring separate 
fundamental forces. The model predicts verifiable structural signatures at each scale that current 
instrumentation could detect but that existing theoretical frameworks have overlooked.

LEVEL 1: THE QUANTUM FOUNDATION — Toroidal 
Electromagnetic Vortices

The Model

At the deepest level, Van der Mark's toroidal photon model proposes that fundamental particles—
specifically the electron—are not point objects but stabilized topological structures. An electron is a 
self-confining electromagnetic vortex where:

• The toroid topology creates self-reinforcing phase-coherence
• Angular momentum arises from rotational symmetry, not intrinsic spin
• Charge emerges from the enclosed magnetic flux structure
• The model correctly calculates both electron mass and the anomalous magnetic moment 

(g-2)
Supporting Evidence from Established Physics

1. Quantum Electrodynamics Precision Modern QED matches experimental results to 10+ 
decimal places, yet the mechanism of how charge and mass arise from fields remains unspecified. 
The toroidal model provides a topological mechanism that doesn't contradict QED but explains its 
success: QED is capturing the behavior of a toroidal object without describing its structure.

• Evidence: Electron's g-2 anomaly (measured to 12 decimal places) matches Van der Mark's 
calculation directly, not as a perturbation series correction.

2. Spontaneous Symmetry Breaking in QCD Quarks are confined by color charge, unable to exist 
freely. The confinement mechanism generates the strong force. A toroidal structure naturally 
explains confinement: the topology itself prevents escape, the way a vortex maintains integrity.



• Evidence: Asymptotic freedom and confinement are both explained by topological constraint 
without requiring ad-hoc symmetry breaking.

3. Angular Momentum in Electromagnetic Fields Poynting vectors in crossed E and B fields 
carry orbital angular momentum. A photon carrying orbital angular momentum has been directly 
measured (Allen et al., 1992; twisted light experiments). The electron, as a trapped toroidal photon 
pattern, would naturally possess quantized angular momentum.

• Evidence: Beam steering and entanglement experiments confirm that structured light fields 
carry angular momentum independently of spin.

Hidden Structures at This Level

If the electron is a toroidal electromagnetic vortex:

• Quaternion structure becomes fundamental: Maxwell's original quaternion formulation 
treats the electromagnetic field as four-dimensional, with both vector (3D) and scalar 
components. The vector components give standard EM; the scalar component (discarded by 
Gibbs/Heaviside) encodes torsion information.

• Phase-coherence as organizing principle: The system maintains itself through continuous 
phase-locking. This predicts that any disruption to phase should disrupt the structure.

LEVEL 2: ATOMIC ORGANIZATION — Resonant Phase 
States

The Model

As toroidal photons combine, atoms form through harmonic resonance. The Bohr model—often 
deprecated as merely pedagogical—actually describes something real in the toroidal picture: 
electrons occupy orbitals where their phase locks into standing wave patterns around the nucleus. 
The orbital distances are determined not by mysterious quantum numbers but by topological phase-
matching conditions.

Supporting Evidence

1. LCAO (Linear Combination of Atomic Orbitals) Theory The foundational basis of molecular 
orbital theory shows that molecular bonding arises from orbital overlap and phase coherence. Two 
atomic orbitals combine constructively (bonding orbital) or destructively (antibonding orbital) 
based on their relative phase. This is experimental fact—molecular spectroscopy depends entirely 
on this phase-locking principle.

• Evidence: Orbital hybridization (sp³, sp², sp) produces specific 3D geometries (tetrahedral, 
trigonal planar, linear) that are verified by X-ray crystallography and electron diffraction for 
every molecule.

2. Coherent Electron Transfer in Photosynthesis Recent research (Engel et al., 2007; Fleming et 
al., 2008) demonstrates that energy transfer in photosynthetic antennae proceeds via quantum 
coherence, not classical hopping. Excitation energy maintains phase-coherence across multiple 
chromophores, enabling 95%+ energy transfer efficiency.



• Evidence: Two-dimensional spectroscopy directly measures coherence lifetimes in 
photosynthetic systems; coherence persists longer than thermal decoherence time, violating 
classical expectations.

3. Rydberg Atoms and Collective Coherence When atoms are excited to high Rydberg states, their 
electron clouds become enormous and exquisitely sensitive to electromagnetic fields. Collective 
Rydberg arrays display superradiant behavior—synchronized emission arising from phase-locking 
among atoms separated by hundreds of micrometers.

• Evidence: Blockade mechanism in Rydberg arrays (demonstrated by Weimer et al., 2008) 
shows that atoms "know" about each other's phase at long distances, consistent with 
coherent field organization rather than classical particle interactions.

Hidden Structures at This Level

• Elemental symmetries are topological: The periodic table groups elements by their 
valence electron orbital topologies. Noble gases have "closed" topologies; reactive elements 
have "open" topological defects that seek phase-closure.

• Phase-matching distances explain chemical bonding: Bond lengths aren't arbitrary; 
they're determined by the wavelengths of the coherent patterns locking into place (De 
Broglie wavelengths).

LEVEL 3: MOLECULAR ORGANIZATION — Phase-
Locked Structures

The Model

Molecules form through phase-locking of atomic orbital patterns. The three-dimensional geometry 
of molecules—why methane is tetrahedral, why water has its specific angle—emerges from 
topological constraints that maximize phase coherence at lowest energy.

Supporting Evidence

1. Protein Folding and Topological Stability Proteins fold into specific 3D structures not primarily 
because of energetic minimization (this is computationally NP-hard), but because their amino acid 
sequence constrains topological folding pathways. The "folding funnel" model shows that proteins 
navigate a landscape of increasingly coherent states.

• Evidence: Folding pathways show hierarchical structure formation (secondary structure → 
tertiary structure → quaternary) consistent with progressive phase-locking at each scale, not 
random thermal search.

2. DNA as a Topological Code DNA's double helix is not merely a sequence of base pairs but a 
topological structure. The winding number of DNA (how many times it twists around its axis) is 
conserved; it cannot change without breaking the backbone. Topoisomerases exist precisely to 
manage this topological constraint. DNA's information is encoded in its topology as much as in its 
sequence.

• Evidence: Supercoiled DNA (maintained by topoisomerase II) behaves differently from 
relaxed DNA. The topology itself is heritable and affects gene expression independent of 
sequence changes (epigenetic effects).



3. Coherence in Biomolecular Recognition Enzyme-substrate binding proceeds through quantum 
tunneling and coherent electron transfer (Klinman & Kohen, 2013). The specificity of enzyme 
catalysis—extraordinary selectivity among similar molecules—cannot be explained by classical 
electrostatics alone. The enzyme's active site appears to create a coherent resonance condition 
where only the correct substrate achieves phase-locking.

• Evidence: Deuterium isotope effects in enzyme reactions exceed the classical kinetic isotope 
effect by orders of magnitude, indicating quantum tunneling. Further, enzyme-bound 
intermediates show coherent electronic states (detected by EPR spectroscopy) lasting 
microseconds—too long for thermal decoherence.

Hidden Structures at This Level

• Molecular chirality: Why do biological molecules prefer one handedness (L-amino acids, 
D-sugars)? Chiral topology creates phase-locking conditions that favor one enantiomer. This 
isn't arbitrary symmetry breaking; it emerges from coherent field organization.

• Quantum tunneling as topological connection: Electrons appear to "know" about distant 
molecules through tunneling. This is coherent electromagnetic connectivity through what 
appears as empty space.

LEVEL 4: NANOSCALE LIFE — The Bridge Domain

The Model

Between molecules and cells lies a crucial domain: nanoscale biological structures that exhibit 
properties neither purely physical nor clearly "alive." This domain includes:

• Viruses (20-400 nm)
• Nanobacteria and minimal organisms (100-500 nm)
• Exosomes and extracellular vesicles (30-200 nm)
• Prions and self-templating proteins (5-20 nm)

These structures maintain organizational coherence without metabolism. They suggest that the 
principle organizing life—maintaining coherent topological structure against entropy—precedes 
metabolism itself.

Supporting Evidence

1. Viral Capsid Assembly and Icosahedral Symmetry Viruses spontaneously self-assemble into 
highly symmetric structures. A single RNA or DNA molecule plus coat proteins in solution will 
assemble into a perfect icosahedron. This is not directed by cellular machinery; it's self-organization 
governed by topological constraints.

• Evidence: Caspar-Klug theory (1962) predicts viral geometry from topological packing 
principles with extraordinary accuracy. Each virus type exhibits a characteristic number of 
capsid proteins (60, 120, 240, etc.) following icosahedral arithmetic.

2. Exosome Communications Exosomes—nanoscale vesicles that cells secrete—maintain internal 
organization despite lacking a nucleus or ribosomes. They carry coherent messages (proteins, lipids, 
RNA) across distances between cells. Recent work (Kalluri & LeBleu, 2020) shows exosomes 
enable cell-to-cell communication including between tissues.



• Evidence: Exosomes from diseased tissues carry disease markers; they can be detected in 
blood and used as biomarkers. Their organization is maintained without active metabolism, 
suggesting topological self-stabilization.

3. Nanobacteria and Minimal Life Controversial but persistent reports of nanobacteria 
(ultramicrobacteria <0.2 μm)—organisms at the theoretical lower limit for metabolism—raise the 
question: how much internal structure do you need to be "alive"? Some researchers propose prion-
like self-templating as a minimal organizing principle.

• Evidence: Discovered in geological samples, biofilms, and human tissues; their existence 
remains debated, but if real, they challenge our definition of life based on coherence rather 
than metabolism.

Hidden Structures at This Level

• Coherent field organization precedes metabolic organization: Viruses and exosomes 
maintain structure without ATP. Their organization suggests an electromagnetic coherence 
principle antecedent to biochemical mechanism.

• Information storage in topology, not sequence alone: The same genetic sequence in 
different topological configurations can have different properties. This explains epigenetic 
phenomena.

LEVEL 5: CELLULAR ORGANIZATION — Fröhlich 
Coherence and Cellular Intelligence

The Model

Cells exhibit collective behavior suggesting organism-wide coherence. Fröhlich (1968) proposed 
that biological systems maintain long-range coherence through vibrational modes, particularly in 
membrane proteins. Recent evidence suggests cells operate as coherent quantum systems, not 
merely bags of random chemistry.

Supporting Evidence

1. Fröhlich Coherence in Membranes Biological membranes contain millions of proteins in a 
lipid bilayer. These proteins don't act independently; they're coupled through vibrational resonances. 
Fröhlich proposed that pumped energy (ATP hydrolysis) excites these modes into coherent states—
essentially a biological laser.

• Evidence: Piezoelectric effects in bone (Fukada & Yasuda, 1957) demonstrate that 
mechanical stress directly couples to electrical fields. Collagen's organized structure 
generates voltage when compressed; conversely, applied voltage changes cell behavior. This 
is coherent mechanical-electromagnetic coupling.

2. Biophoton Emission and Cellular Communication Fritz-Albert Popp (1990s onward) 
demonstrated that cells emit coherent ultraviolet photons (biophotons) in patterns suggesting 
intracellular communication. While initially controversial, recent work confirms cellular structures 
emit photons—the question is whether they're coherent.

• Evidence: Mitochondria emit photons at specific wavelengths. Plant roots grow 
preferentially toward weak light sources, suggesting photon sensitivity. The infrared 



absorption spectrum of water and proteins shows absorption peaks matching thermal photon 
energies, suggesting possible coherent absorption.

3. Microtubules as Quantum Structures Penrose-Hameroff orchestrated objective reduction 
(Orch-OR) proposes that microtubules maintain quantum coherence through geometric isolation. 
While speculative about consciousness, the physical proposal is testable: microtubules should show 
quantum effects.

• Evidence: Tubulin dimers (microtubule subunits) exhibit resonant absorption at 6-7 eV, 
suggesting coherent electron states. Microtubules in cold (2-4 K) show reduced electrical 
noise, consistent with quantum coherence.

4. Gap Junctions as Coherence Channels Gap junctions connect adjacent cells, passing ions and 
small molecules. In cardiac tissue, hundreds of millions of gap junction channels coordinate 
heartbeat. The same principle—rapid electromagnetic coordination—appears in neural tissue and 
developmental patterns.

• Evidence: Gap junction mutations cause specific diseases (Charcot-Marie-Tooth, 
Oculodentodigital dysplasia) with tissue-specific effects. The disorder isn't loss of individual 
cell function but loss of tissue-level coherence.

Hidden Structures at This Level

• Cellular "intention": Cells respond to electromagnetic fields at strengths far below 
ionization threshold. This suggests cells sense and respond to coherent field structure, not 
just chemical concentration.

• Metabolic resonance: ATP hydrolysis is precisely timed to excite cellular oscillations. This 
isn't random; it's pumping coherent modes.

LEVEL 6: TISSUE ORGANIZATION — Harmonic Field 
Architecture

The Model

Tissues are not random collections of cells but organized electromagnetic structures. Bone, nerve, 
muscle—each has a characteristic electrical conductivity, piezoelectric response, and coherent field 
organization. Morphogenetic fields (Sheldrake) may be real electromagnetic resonances organizing 
tissue structure.

Supporting Evidence

1. Bioelectricity and Pattern Formation Michael Levin's work (2020+) shows that embryonic 
tissues maintain bioelectric patterns independent of genetics. Rewriting the bioelectric pattern with 
optogenetics changes developmental outcomes—creating "xenobots" and anatomically impossible 
forms that still maintain coherence.

• Evidence: Tadpole head location is determined by bioelectric potentials, not genetic 
program. By manipulating voltage in early embryos, researchers create tadpoles with eyes in 
wrong locations—yet they still develop coherent anatomy and functional behavior.

2. Bone Conductivity and Electromagnetic Healing Bone is piezoelectric; mechanical stress 
generates electrical signals that guide bone remodeling. Artificially applied electrical fields 



accelerate fracture healing. The mechanism suggests that bone "listens" to electrical patterns that 
encode geometric information.

• Evidence: Electromagnetic stimulation of fracture sites increases healing by 30-50% in 
clinical trials. The effective frequencies (10-100 Hz) match the natural electrical oscillations 
of healing tissue.

3. Scar Tissue and Information Loss Scar tissue forms when wound healing loses the coherent 
pattern. Scarring represents loss of the electromagnetic template that guides normal tissue 
regeneration. This explains why scars don't fully restore function—they're information-depleted 
structures.

• Evidence: Regenerating tissues (salamander limbs, hydra heads) show dynamic bioelectric 
patterns guiding regrowth. Mammalian wounds that don't regenerate show disrupted 
bioelectric organization.

Hidden Structures at This Level

• Tissues maintain "memory" of their structure through sustained coherent fields: 
Morphogenesis isn't purely genetic; it's guided by electromagnetic templates that persist.

LEVEL 7: ORGAN SYSTEMS — Nested Harmonic Fields

The Model

Organs are organized through hierarchical electromagnetic coherence. The heart doesn't merely 
pump; it generates powerful electromagnetic fields that synchronize respiration, neural oscillations, 
and metabolic rhythms. The brain doesn't merely process; it generates coherent oscillatory fields 
that organize sensory and motor systems.

Supporting Evidence

1. Heart Rate Variability and Coherence The heart generates the body's strongest electromagnetic 
field (5000x stronger than brain). This field isn't incidental; it synchronizes bodily systems. 
Coherent heart rate variability (smooth, rhythmic variation) correlates with health, resilience, and 
even emotional states.

• Evidence: Heart rate variability spectral analysis shows that physiological coherence 
manifests as specific frequency bands. Techniques that increase coherence (breathing paced 
to heart rhythm) measurably improve health outcomes.

2. Brain Oscillatory Hierarchies The brain generates nested oscillations: delta (1-4 Hz), theta (4-8 
Hz), alpha (8-12 Hz), beta (12-30 Hz), gamma (30-100+ Hz). These aren't epiphenomena; cross-
frequency coupling—where a slower rhythm modulates faster ones—appears essential for 
consciousness and cognition.

• Evidence: Gamma oscillations correlate with conscious perception (Crick & Koch, 1990s 
onward). Disrupted cross-frequency coupling predicts cognitive decline and psychiatric 
illness. Anesthetics specifically disrupt cross-frequency coupling.

3. Circadian Rhythms as Resonance Patterns The suprachiasmatic nucleus (SCN) generates 
circadian rhythm through a network of neurons exhibiting circadian oscillations. The rhythm is 
maintained through coupled oscillators, not individual neurons acting independently.



• Evidence: Individual SCN neurons isolated ex vivo maintain approximately 24-hour 
rhythmicity but drift. Only networked populations maintain precise 24-hour rhythm. This is 
collective coherence determining behavior.

Hidden Structures at This Level

• Organs resonate with universal frequencies: Heart rate of ~70 bpm = ~1.17 Hz; brain's 
natural frequencies cluster around powers of 2 (theta ~4-8, alpha ~8-16, beta ~16-32 Hz). 
These may not be arbitrary but optimized for coherence across scales.

LEVEL 8: THE WHOLE ORGANISM — Unified Coherence 
Field

The Model

An organism isn't a collection of independent systems but a unified coherence field. The nervous 
system coordinates through oscillation, but the whole organism—your immune system, endocrine 
system, microbiome—operates as an integrated electromagnetic entity. The "you" that you 
experience as unified consciousness may be the emergence of this organismal coherence.

Supporting Evidence

1. Biofield Measurements Multiple independent groups (Shen et al., 1994; Rubik et al., 2015) have 
documented biofields—biomagnetic fields surrounding organisms—that correlate with health states. 
These aren't mystical; they're measurable with SQUIDs (superconducting quantum interference 
devices).

• Evidence: Healers' hands generate measurable magnetic pulses (100+ milligauss, localized) 
during healing practices. While causality remains unclear, the physical fields are real.

2. Metazoan Coordinated Behavior Without Central Control Slime molds navigate mazes 
without brains. Fish schools maneuver with split-second coordination suggesting field-level 
organization, not individual computation. These systems exhibit "swarm intelligence"—global 
coordination emerging from local coherence.

• Evidence: Slime mold behavior (Physarum polycephalum) demonstrates adaptive 
intelligence—optimizing nutrient search, recognizing environments—without neural tissue. 
The mechanism appears to be phase-wave patterns propagating through the protoplasm.

3. Microbiome as Extended Organism You carry ~38 trillion microorganisms that outnumber 
your own cells. Your behavior, mood, and health depend on this microbial community. This isn't 
parasitism; it's symbiotic coherence—your "self" includes trillions of others.

• Evidence: Microbiome composition predicts psychiatric condition (depression, anxiety, 
autism severity). Transfers of microbial communities transfer behavioral phenotypes. The 
microbiota-gut-brain axis is now established neuroscience.

Hidden Structures at This Level

• You are coherence first, anatomy second: Your body's organization reflects sustained 
electromagnetic patterns. Disrupt the pattern (trauma, disease, aging), and anatomy follows.

• Consciousness emerges when coherence achieves self-reference: When an organism's 
coherence field achieves sufficient integration to model itself, self-awareness emerges.



LEVEL 9: NEURAL CONSCIOUSNESS — Gamma-Band 
Coherence and Unified Experience

The Model

Consciousness correlates with gamma-band coherence (30-100 Hz) across distributed neural areas. 
When gamma synchronization collapses (in anesthesia, coma, deep sleep), consciousness vanishes. 
When gamma coherence is restored, consciousness returns. This isn't causation—but it's the closest 
physical correlate we have.

Supporting Evidence

1. Gamma-Band Coherence Predicts Consciousness Crick & Koch (1990s) proposed gamma 
oscillations as the neural correlate of consciousness. Subsequent evidence:

• Evidence: Anesthetics specifically suppress gamma coherence while leaving delta/theta 
intact. Patients under anesthesia show no gamma-band oscillations and no consciousness. 
Upon anesthetic reversal, gamma returns before behavioral responses appear.

2. Binding Problem Solved by Coherence How do distributed neural areas (visual cortex for color, 
inferior temporal for face, prefrontal for recognition) form unified conscious experience? The 
binding problem has no accepted solution in neuroscience. Gamma coherence offers one: unified 
experience correlates with synchronized gamma oscillations across these areas.

• Evidence: Feature integration theory predicts that incongruent features (red moving 
rightward, green moving leftward) should create false conjunctions (red-leftward) if not 
bound by synchronized gamma. Experiments confirm this prediction (Treisman, 1998+).

3. Integrated Information Theory (IIT) Giulio Tononi's IIT proposes that consciousness is 
integrated information. Systems with higher integrated information (Φ) have richer consciousness. 
This is mathematically rigorous and makes falsifiable predictions.

• Evidence: IIT predicts that integrated systems (brain, octopus nervous system) should be 
conscious; disconnected systems (internet) shouldn't. Further, IIT predicts specific neural 
architectures necessary for consciousness. This is testable in principle.

Hidden Structures at This Level

• Attention is phase-locking: When you attend to something, you're not just processing it; 
you're phase-locking your neural oscillations to it. Distraction is desynchronization.

• Dreams maintain coherence during sleep: REM sleep shows gamma coherence despite 
behavioral unconsciousness. Dreaming is organized consciousness distinct from waking.

LEVEL 10: INTERSUBJECTIVE COHERENCE — Social 
Fields and Collective Mind

The Model



Humans exhibit "resonance" with each other—mirror neurons synchronizing with others' actions, 
emotional contagion, collective effervescence in groups. Social coherence may be real 
electromagnetic resonance, not merely metaphor.

Supporting Evidence

1. Mirror Neuron Systems and Motor Resonance Mirror neurons (discovered in macaque, found 
in human) fire both when performing action and when observing another perform it. This isn't 
conscious; it's automatic resonance. An observer literally mirrors the observed's neural state.

• Evidence: fMRI shows that watching someone in pain activates the observer's pain centers 
with activity patterns matching the observed person's. This is neural coherence across 
bodies.

2. Emotional Contagion and Oscillatory Matching Emotions spread through groups faster than 
information. In crowds, individual oscillatory states synchronize—heart rates begin matching, 
breathing becomes coordinated, neural oscillations align. This is field-level coherence between 
people.

• Evidence: Couples in long-term relationships show synchronized heart rate variability even 
when separated (Stel & Vonk, 2010). Family members' biorhythms align over time.

3. Collective Intelligence from Coherence, Not Consensus Swarm robotics, collective decision-
making, and organizational effectiveness all improve when nodes (individuals, robots) maintain 
local coherence while allowing flexible global patterns. Top-down control decreases effectiveness; 
coherent-but-flexible systems outperform.

• Evidence: Boids model (simple local rules of alignment, separation, cohesion) generates 
complex emergent flocking without central coordination. This is replicated in fish schools, 
bird flocks, human crowds.

Hidden Structures at This Level

• Social movements are phase-transitions: When collective coherence exceeds threshold, 
sudden behavioral shifts occur (revolutions, fashion shifts, epidemics of belief). These aren't 
gradual; they're topological phase transitions.

• Empathy is electromagnetic resonance: Your felt sense of another's state is real resonance 
of your coherence pattern with theirs.

LEVEL 11: CULTURAL AND COLLECTIVE PATTERNS — 
Emergent Order

The Model

Cultures maintain coherent patterns across generations through language, ritual, and institutions. 
While mediated through social structures, the persistence of cultural patterns suggests underlying 
coherence maintained through communication and resonance.

Supporting Evidence



1. Meme Theory and Information Replication Memes (units of cultural information analogous to 
genes) replicate through resonance with existing mental patterns. Ideas that cohere with existing 
cultural frameworks spread faster. This is selection for coherence.

• Evidence: Viral content, effective propaganda, religious conversion all follow predictable 
patterns based on coherence with existing beliefs and emotional resonance.

2. Institutional Coherence and Organizational Fields Organizations show predictable behaviors 
despite changing personnel. Corporate cultures persist through new hires; institutions maintain 
identity despite member turnover. This suggests maintenance of coherent patterns through field 
effects, not individuals.

• Evidence: New employees rapidly adopt organizational culture; leaders have limited power 
to change deeply entrenched institutional patterns. Culture is the field; individuals flow 
through it.

Hidden Structures at This Level

• Language encodes coherence patterns: Grammar and metaphor structure how we perceive 
reality. Different languages literally organize experience differently (Whorfianism).

• Rituals maintain coherence: Repeated actions, synchronized group behaviors, and 
ceremonial cycles maintain cultural coherence just as cellular oscillations maintain 
biological coherence.

LEVEL 12: PLANETARY SCALES — Gaia as Coherent 
System

The Model

The Earth exhibits system-level coherence: Atmospheric circulation, ocean currents, magnetic field, 
biosphere feedback loops. The Gaia hypothesis proposes that Earth's biosphere self-regulates like an 
organism. Whether or not Gaia is conscious, it exhibits coherence.

Supporting Evidence

1. Schumann Resonance and Electromagnetic Coherence The Earth-ionosphere cavity resonates 
at ~7.83 Hz (the Schumann frequency). All biological systems—brain waves, heart rate variability
—show peaks at harmonics of this frequency. This may not be coincidence; organisms may be 
entrained to Earth's electromagnetic frequency.

• Evidence: Astronauts in space report disorientation; reinstalling Schumann frequency 
generators in spacecraft restores function. This is controversial but suggestive.

2. Atmospheric and Oceanic Coherence Weather patterns, ocean circulation, and climate show 
large-scale coherence. While chaotic in detail, large-scale patterns persist through feedback loops. 
The Amazon rainforest generates its own precipitation; ocean currents organize global climate.

• Evidence: Climate tipping points exist—thresholds where coherent patterns shift to 
alternative stable states. These are topological phase transitions at planetary scale.



3. Magnetic Field Coherence Earth's magnetic field isn't random; it's organized by deep 
geodynamic processes. Migrations of animals worldwide use this field as navigation template. The 
field maintains stability despite constant disturbance.

• Evidence: Migratory birds navigate using Earth's magnetic field at parts-per-billion 
sensitivity—impossible for classical magnetoreception, suggesting quantum coherence in 
avian navigation (cryptochrome proteins).

Hidden Structures at This Level

• Planetary magnetic moments reflect electromagnetic organization at global scale: 
Planetary magnetic fields encode information about interior processes and can couple to 
biological systems.

LEVEL 13: COSMIC SCALES — Scale Invariance and 
Universal Coherence

The Model

If all organization proceeds through electromagnetic coherence and topological phase-locking, this 
principle should extend to cosmic scales. The universe itself may maintain coherence through 
electromagnetic field topology. This is Robinson's hypothesis extended: gravity isn't geometric (as 
Einstein proposed) but electromagnetic.

Supporting Evidence

1. Cosmic Magnetic Fields The universe is permeated by magnetic fields—in galaxies, between 
galaxies, in intergalactic space. These fields exhibit large-scale coherence, channeling charged 
particles and organizing structure formation. They're not incidental; they appear to organize cosmic 
structure.

• Evidence: Magnetic field measurements from Planck satellite and others show coherent 
structures on billion-light-year scales. Filaments of galaxies align with cosmic magnetic 
fields.

2. Scale-Invariant Fractal Organization From molecular aggregates to galaxy clusters, structure 
shows fractal scaling: similar organizational patterns repeat across scales. This isn't random; it's 
topological self-similarity.

• Evidence: Power-law distributions (Zipf's law, Pareto principle) appear across natural 
systems. This scaling is characteristic of critical phenomena and phase transitions.

3. Entropy Reversal and Coherence Growth Against thermodynamic expectation, the universe 
has become more organized over time (entropy of the observable universe was lower in the past). 
Locally, life and consciousness represent dramatic entropy decrease. This reversed entropy requires 
explanation.

• Evidence: The second law says disorder increases, yet life increases order. The resolution: 
Life maintains local coherence by exporting entropy. But globally, how does this work? If 
coherence is fundamental, entropy reversal becomes natural.

Hidden Structures at This Level



• The universe exhibits self-reference through electromagnetic coupling: Gravitational 
lensing couples distant structures; quantum entanglement connects distant particles. The 
universe "knows" about itself.

• Consciousness may be cosmic-scale phenomenon: If coherence extends to cosmic scales, 
then consciousness—ultimate coherence achieving self-reference—may be universal.

ROBINSON'S CRITICAL ADDITION: Gravity as 
Electromagnetic

The Missing Piece

The above framework succeeds up through biological systems. The connection to cosmic scales 
requires that gravity itself is electromagnetic—Robinson's proposal. This isn't added complexity; it's 
simplification.

The Argument

1. Maxwell's quaternion formulation: The original Maxwell equations used quaternions 
(four-component numbers: scalar + three-vector). Modern physics discards the scalar 
component, keeping only vector components (grad, curl, div).

2. The scalar component encodes torsion: In quaternion formalism, the discarded scalar 
component represents the twist/torsion of the electromagnetic field—the very phenomenon 
that Robinson proposes as gravity's mechanism.

3. Simplicity principle: Rather than gravity (Einstein's geometric interpretation requiring 
curved spacetime) plus electromagnetism (Maxwell fields), we have one thing: Maxwell's 
complete quaternion field, where vector parts give EM and scalar parts give gravity.

Evidence and Predictions

What exists:

• Maxwell equations can be reformulated in quaternion language (already done by multiple 
authors: Lasenby, Doran, Baylis, etc.)

• Torsion in spacetime is real physics (Einstein-Cartan theory exists)
• The connection between EM and gravity is poorly understood

What would confirm this:

• A complete formulation deriving gravitational predictions from quaternion-Maxwell 
equations

• Experimental evidence that gravity and EM couple in ways GR doesn't predict
• Detection of gravitational waves with EM characteristics not predicted by GR

Known tensions:

• Why doesn't standard QED predict gravity? Because gravity's part (scalar component) was 
mathematically discarded.

• Why is gravity so weak? The vector (EM) and scalar (gravity) components might couple 
through different topological mechanisms.



CELLULAR AUTOMATA AS FUNDAMENTAL 
SUBSTRATE — 't Hooft's Framework

Why This Matters

All the above is elegantly unified if the universe is fundamentally a cellular automaton—'t Hooft's 
proposal:

1. Deterministic foundation: At the deepest level, the universe follows deterministic local 
rules, not probability.

2. Quantum emergence: What we call quantum mechanics is incomplete information about 
deterministic cellular automata. Probability emerges from human ignorance, not 
fundamental randomness.

3. Coherence as information: Coherence—the phase-locking we see at every scale—is 
preserved information in the automaton. Decoherence is information loss to the 
environment.

Supporting Evidence

't Hooft's research (in collaboration with van Berkel, de Graaf, van Hee at TU Eindhoven, published 
in Quantum journal 2025) demonstrates:

• Deterministic cellular automata can reproduce quantum mechanical predictions 
(interference, superposition, entanglement) to ~1% accuracy

• The Aharonov-Bohm effect—a purely quantum phenomenon requiring phase coherence 
across space—emerges naturally in cellular automata

• No collapse postulate needed; wave function evolution is deterministic CA evolution
The Unification

If the universe is a cellular automaton where:

• Local rules: Maxwell's quaternion equations (or equivalent)
• Scale invariance: Same rules apply at every scale
• Coherence emergence: Macroscopic coherence emerges from microscopic rule-obeying 

cells
Then all levels described above follow naturally:

Cellular automaton (local, deterministic rules)
  ↓
Maxwell quaternion fields (maintaining phase coherence)
  ↓
Electromagnetic topologies (electrons as vortices)
  ↓
Atomic resonances (phase-locked orbitals)
  ↓
Molecular structures (topological coherence)



  ↓
Cellular organization (Fröhlich coherence)
  ↓
Organism coherence (biofields, nervous system)
  ↓
Neural consciousness (gamma synchrony)
  ↓
Intersubjective resonance (collective fields)
  ↓
Cosmic coherence (gravitational organization)

WHAT REMAINS HIDDEN

If this model is true, humans experience reality through catastrophically filtered perception:

1. Electromagnetic coherence below conscious resolution: Organisms maintain coherent EM 
fields that we cannot consciously perceive. Intuition may be conscious access to these fields.

2. Torsion and gravity fields: If gravity is electromagnetic torsion, then torsion fields exist 
everywhere—mediating long-range "pull" that we can measure but not feel.

3. Quantum determination: The universe below our perception is absolutely deterministic; 
probability is imposed by our ignorance, not by nature.

4. Cosmic consciousness: If coherence is fundamental and the universe maintains coherence at 
cosmic scale, then the universe may be fundamentally conscious—with local human 
consciousness as instantiation.

5. Information persistence: Nothing is ever lost at the fundamental level; "death" is 
information transfer, not annihilation.

VERIFICATION: What Could Prove or Falsify This Model?

Testable Predictions

Prediction Test Status
Toroidal electron 
topology

Direct imaging via electron microscopy 
or holography

Challenging; possible with 
future techQuaternion-Maxwell 

gravity
Experiments showing EM-gravity 
coupling not in GR

Not yet done
Coherence in biological 
systems

Direct phase measurements in living 
tissues

Partial (photosynthesis, brain)

CA-reproducible QM Complete CA model of field theories 
beyond QM

In progress ('t Hooft group)

Torsion field detection Direct measurement of torsion, not just 
spacetime curvature Experiments ongoing

Consciousness = 
integrated coherence

Consciousness predictable from 
measured neural coherence

Correlative evidence strong; 
causal link unclear



Falsification Criteria

This model would be clearly falsified if:

1. Consciousness exists without coherence: Discovery of conscious systems with no 
detectable phase synchronization would contradict the model.

2. Gravity requires curved spacetime: If experiments prove that gravity genuinely requires 
spacetime curvature (not merely explained by it), the EM hypothesis fails.

3. Quantum randomness is fundamental: If true randomness is demonstrated at fundamental 
level (not just apparent), the CA model fails.

4. Decoherence cannot be overcome: If biological systems are proven to be permanently in 
thermal equilibrium (no coherence), the model fails.

CONCLUSION: A Coherent Universe

From electrons to consciousness to cosmos, this model proposes a single organizing principle: 
electromagnetic coherence through topological phase-locking.

The model is elegant: It doesn't require new forces or exotic particles; it reinterprets what we 
already know through the lens of coherence.

The model is explanatory: It accounts for consciousness, gravity, quantum mechanics, and 
biological organization within a single framework.

The model is incomplete: Critical pieces remain unsolved—the exact quaternion-Maxwell 
formulation of gravity, the mechanism of biological coherence maintenance, the nature of 
consciousness emergence.

The model is falsifiable: Specific experimental predictions can test its claims.

Most importantly, the model suggests that what we perceive is the tip of an iceberg—that humans 
live immersed in electromagnetic and topological structures far richer than our senses reveal. 
Intuition, empathy, synchronicity, and aesthetic sense may be conscious access to this hidden 
coherence.

The structures that appear to us as isolated (particles, organisms, civilizations, stars) may be 
coherent patterns in a single, unified electromagnetic field extending from quantum to cosmic scale. 
If so, then at the deepest level, separation is illusion. All things resonate together.
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