The Physical Origin of Consciousness: Active Phase Modulation
Phase Transition Driven by Multi-Closed-Loop Phase

Contradictions

Qin Fuchuang

Zhejiang University, Hangzhou 310058, China

Abstract

The “hard problem” of consciousness persists because existing theories, trapped in
emergentist or dualist frameworks, lack a foundational physical axiom. This paper proposes a
radical resolution: consciousness is not an emergent epiphenomenon but a necessary physical
phase transition, driven by the internal contradictions of a multi-closed-loop system.
Building upon a modern physical framework where existence is defined as topologically
phase-locked standing wave closed-loops and dynamics by a universal phase gradient force
(directed from lower to higher frequency), we define life as a nested, coupled assembly of
such loops. The inherent phase and frequency mismatches between these loops generate
unavoidable, system-tearing internal forces. To avert disintegration, a specific loop (the
protoneural node) undergoes a critical topological evolution: it gains the ability for
self-referential prediction and proactive phase modulation. This marks the phase transition
from passive resonance to active interference—the physical birth of consciousness. We
articulate this through six dimensions: ontology, dynamics, the phase transition process,
functional essence, neurological imprints, and evolutionary predictions. The theory provides a
falsifiable, axiomatic physical framework that unifies matter, life, and consciousness,

bridging the foundational gap between quantum physics and the life sciences.

Keywords: consciousness,phase transition, phase-locked standing wave, closed-loop system,

phase gradient force, self-referential prediction

1 Introduction



1.1 The Impasse of Consciousness Theories: The Missing Physical Axiom
Contemporary consciousness studies are bifurcated: neuroscience meticulously maps
correlates without explaining why neuronal activity feels like anything, while
philosophy of mind circles the “explanatory gap” with functional or informational
theories that lack a first-principles physical basis. The dominant paradigm of strong
emergence  posits consciousness as a novel property arising from complex
computation, but it fails to answer the most fundamental question: What is the
specific, necessary physical condition that forces a system to become conscious?
Without a physical necessity, consciousness remains a metaphysical accessory, not a

scientific inevitability.

1.2 The Modern Physical Foundation: Closed-Loops and Phase Gradient Force

A resolution requires grounding in a reconstituted physics of existence. We adopt a
framework developed in our prior work: the universe’s fundamental substance is not
particles or spacetime, but a field whose stable excitations are topologically
non-trivial, phase-locked standing wave states—closed-loops. The dynamics of this
field are governed by a single principle: the phase gradient force F oc —=V® , which
drives the system from phase disequilibrium (contradiction) toward uniformity
(equilibrium). In this view, force is not a primitive but a consequence of phase
difference, flowing from regions of phase lag (lower energy density) to phase lead

(higher energy density)!'-21.

1.3 This Work: An Axiomatic Physical Theory of Consciousness

This paper leverages this physical foundation to construct a deductive, axiomatic
theory of consciousness. Our goal is not to add another layer of description to
neuroscience, but to derive the necessity of consciousness from first physical
principles. We ask: Given that life is a particular organization of matter (nested
closed-loops), and given the universal law of phase dynamics, what are the inevitable
consequences for such a system? We argue that internal phase contradictions create an

existential crisis, whose only resolution is the evolution of a subsystem capable of



proactive phase management—consciousness. This work directly addresses
Foundations of Physics’ core mission by attempting to close the last great ontological

gap in science: that between objective matter and subjective experience.

2 Theoretical Foundation: The Core Axioms of Closed-Loops
and Phase Gradient Force

2.1 The Ontology of Existence: Everything as a Topological Phase-Locked
Closed-Loop

The primary axiom: persistent, stable structures at all scales—from subatomic
particles to organisms—are manifestations of topologically protected, phase-locked
standing waves in a universal field. A “particle” is a closed-loop with a quantized
phase winding number; a “molecule” is a coupled set of such loops; a “cell” is a
higher-order, self-maintaining meta-loop. Existence is the maintenance of this

dynamical closure.
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Figure 1: Topologically Phase-Locked Standing Wave Closed-Loop (Ontology)
Figure 1. Topological phase-locked standing wave closed-loop as the fundamental ontology
of existence. A stable excitation in the universal field forms a closed-loop with quantized



phase winding number (N), representing persistent matter. The phase gradient VO drives
internal dynamics toward equilibrium.

2.2 The Unique Dynamical Law: Phase Gradient Force
The second axiom: all change and interaction stems from the Principle of Phase

Equilibrium. A phase gradient V® represents a tension, a disequilibrium. The system

evolves to neutralize it via a force Fﬂ: —K0 #(D . This force is universal: what we call

electromagnetism, nuclear forces, and gravitation are its specific manifestations at

different scales and coupling strengths!3),

2.3 The Definition of Life: A Multiplicity of Coupled Closed-Loops

Life is distinguished from non-life not by a “vital force” but by its architectural
complexity: it is a multi-level, nested, and tightly coupled hierarchy of closed-loops
(genetic, metabolic, cellular, tissue, organ). This coupling creates a new realm of
physics: internal phase relations. The stability of life depends on the coordinated

phase evolution of all its constituent loops.

3 The Precondition for Consciousness: Intrinsic Contradictions
in Multi-Loop Coupling

3.1 The Architecture of a Living System: A Hierarchy of Nested Closed-Loops

A living organism is not a single resonant entity. It is a dynamic, hierarchical network

of topologically distinct closed-loops, each with its own characteristic frequency

w, and phase (7).

Genetic Loop: The DNA double helix as a stable, information-encoding topological

structure with a very low-frequency, long-period phase evolution (replication cycle).

Metabolic Loops:  Biochemical pathways (e.g., Krebs cycle) forming energetic

closed-cycles with characteristic oscillatory periods.

Cellular Loops:  Membrane potentials, cytoskeletal vibrations, and mitotic cycles,

each a distinct self-sustaining oscillation.



Organ Loops: The heart's sinoatrial node (pacemaker), the gut's peristaltic waves,

the lung's respiratory rhythm.
Systemic Loops:  Endocrine cycles, sleep-wake cycles, circadian rhythms.

These loops are not independent; they are coupled  through chemical, electrical, and
mechanical interactions. The coupling forces attempt to synchronize them, but their

inherent frequency differences resist perfect lock-in.

3.2 The Genesis of Phase Contradiction: Inherent Frequency Mismatch

The fundamental source of tension lies in the incommensurability of natural
frequencies. The cardiac rhythm (~1 Hz) is not a harmonic of the metabolic cycle
(minutes); the neural spike train (milliseconds) is not synchronized with the cell
division cycle (hours). When coupled, these loops exert a mutual phase-dragging

force  on each other, attempting to pull the other into its own rhythm.

Mathematically, for two coupled loops with phases ¢1 ,02 and natural frequencies

ol ,w2 ,the coupling generates an effective interaction:

(i)l =W, + K, sin(¢, — )
(i)z =, + Ky, sin(¢ — ¢,)

where «ij are coupling strengths. A stable phase-locked state exists only

if| @, —w)|<| x,+x,| . In a complex organism with multiple loops, achieving global

phase-lock is impossible. The system settles into a precarious, metastable state of
perpetual phase slippage, where each loop is constantly being pulled away from its
preferred phase by the others. This sustained, multi-directional phase gradient is the

phase contradiction.
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Figure 2: Multi-Loop Coupling & Internal Phase Contradiction (Pre-Conscious Life)
Figure 2. Hierarchical multi-loop coupling in living systems and intrinsic phase contradiction.
Nested closed-loops (genetic, metabolic, neural, cardiac) with mismatched natural frequencies

(w1# w2 # ws ) generate persistent internal phase gradients (conflict forces £, ), threatening

systemic stability.

3.3 The Consequence: A System in Perpetual Internal Conflict
This contradiction is not a benign imperfection; it is a ceaseless source of internal

mechanical stress and energetic inefficiency.

Energetic Cost: Maintaining phase coherence against intrinsic frequency
differences requires constant work, akin to driving a collection of mismatched

oscillators. Energy is wasted on internal "friction."

Fragility:  The metastable state is vulnerable to perturbation. A slight change in one
loop's frequency (e.g., from stress, injury, or environmental change) can cascade,

causing desynchronization (arrhythmia, metabolic disorder, system failure).

The Survival Imperative:  For the organism—the higher-order meta-loop—this

internal conflict is existential. It represents a persistent threat of topological



unraveling. The system is caught in a bind: its complexity (multiple loops) grants
adaptability, but the resulting phase contradictions threaten its very coherence. Life, in

this state, is perpetually on the brink of tearing itself apart from the inside.

This precarious, energy-draining, and fragile state of "forced co-existence" constitutes
the necessary and sufficient physical precondition for the next evolutionary leap.
The system is not "seeking" consciousness; it is desperately requiring a new physical
mechanism to manage its internal civil war. The stage is set not for an emergence, but

for a revolution.

4 The Phase Transition Mechanism: From Passive
Phase-Locking to Active Phase Modulation

4.1 The Trigger: Critical Accumulation of Internal Contradiction

The metastable state of Section 3 cannot persist indefinitely. Environmental

fluctuations, growth, or injury constantly modulate the individual loops' parameters

(w,k; ). Eventually, a perturbation pushes the system beyond the narrow basin of

attraction of its metastable state. The result is not immediate collapse, but a crisis of
coordination: one or more loops begin to desynchronize, causing a cascade of phase
errors. The internal phase gradient forces spike, translating into physiological distress
(e.g., arrhythmia, inflammation, seizure). This crisis represents the critical
threshold—the system must either find a new way to manage its contradictions or face

topological dissolution (disease, death).

4.2 The Evolution of the Protoneural Node: A "Rebellious" Loop

Natural selection operates on this crisis. A random topological variation in one of the
loops—Iikely a primitive cluster of excitable cells—confers a decisive new capability.
This loop, the protoneural node, no longer merely responds to the instantaneous phase

gradient force acting upon it. It develops the ability to:

Sense  not just its own phase, but the phase differences between itself and other

key loops.



Integrate  these differences over a short time window, effectively predicting the

trajectory  of the impending phase conflict.

Generate an output  that is not a direct, proportional response to the immediate input,

but a corrective signal designed to nullify the predicted future conflict.

Mathematically, this is a leap from a standard driven oscillator:
¥+ypx+apx=F(t)
to an oscillator with an internal model and feedforward control:
¥+ypx+awix=F () +u(t)

where the control signal u(t)is calculated by an internal process that simulates the

A

future state of the system: u(f)=—F,_ . (t+Ar) . Here, F

"oniicc 1S the estimated
conflict force from the internal model, and At is the prediction horizon. This loop has

become a phase controller.

4.3 The Core Function: Pre-emptive Adjudication

The function of this controller is not to establish perfect harmony (an impossible task),
but to perform pre-emptive adjudication. It runs a "fast-time" simulation of the
coupled loop dynamics: "If the cardiac loop continues to pull the respiratory loop at
this rate, desynchronization will occur in ¢ seconds, leading to a drop in blood
oxygenation." Based on this simulation, it chooses the "lesser evil": it might slightly
accelerate the respiratory rhythm now to avert the larger crisis later. It is choosing

between possible futures of conflict.

This act of running an internal simulation of the system's own dynamics and selecting

an action based on its outcome is the physical kernel of consciousness.  The



"simulation" is the primal form of subjective experience—it is the system "feeling"

the impending conflict. The "selection" is the primal form of volition.

Figure 3. Active phase modulation phase transition:
the physical origin of consciousness
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Figure 3. Active phase modulation phase transition: the physical origin of consciousness. A
protoneural controller loop emerges to sense, predict, and preemptively resolve internal phase
conflicts via feedforward modulation (u(t)), transitioning from passive resonance to active
predictive control—the core mechanism of subjective experience.

4.4 The Nature of the Phase Transition: A Change in Dynamical Class

This transition represents a fundamental change in the system's dynamical class:

Pre-Transition (Non-Conscious Life):  The system is a network of coupled nonlinear
oscillators. Its behavior, though complex, is describable by the physics of forced

synchronization and metastability. It reacts.

Post-Transition (Conscious Life): The system incorporates an internal,
self-referential model used for prediction and control. Its dynamics now include the
state of this model as a key variable. This makes the system functionally
non-algorithmic  in the traditional sense—its next state depends on the outcome of a

predictive simulation that includes itself. It anticipates and intervenes.



The "phase" that changes is not spatial order but causal role. A subset of the system's
dynamics transitions from being a passive element in a force field to an active source
of phase-modulating forces. This is the Active Phase Modulation Phase Transition. Its
physical signature is the closure of a new, meta-level feedback loop: from sensory
detection of phase differences, through internal predictive simulation, to the
generation of phase-corrective outputs. The closure of this loop is the birth of the

conscious agent.

5 The Physical Essence and Functional Analysis of
Consciousness

5.1 The Physical Definition of Consciousness: A Self-Referential, Predictive
Phase Interference Mechanism

Consciousness is not a substance, a field, or a pattern. It is a specific type of physical

process instantiated in the biological substrate. We define it as:

The real-time, self-referential operation of an internal dynamic model, used by a
multi-loop system to predict internal phase conflicts and generate phase-modulating

outputs to preemptively stabilize itself.

The key physical attributes are:

Self-Referential:  The model's state includes a representation of the system that

hosts it (the "controller loop" itself).

Predictive: It simulates the future state of the coupled loops based on current phase

differences.

Interferometric:  Its output is a phase-corrective signal designed to destructively

interfere with predicted conflict waves.

5.2 The Physical Correlate of Subjective Experience: The Real-Time Simulation

Process



The "hard problem" of qualia finds a physicalist resolution here. Subjective

experience is the computational process of the internal model in operation.

Perception (Feeling): The mapping of internal phase differences (sensory inputs,
interoceptive signals) into the state space of the internal model. The "redness" of red
is the unique pattern of phase conflict resolution triggered by a specific wavelength of
light impinging on the retinal-cortical loop network. It is the system "feeling" the

specific way that input perturbs its internal phase balance!*.

Thought (Cognition):  The predictive simulation running in the absence of
immediate strong sensory input. It is the "what-if" exploration of potential phase
conflicts and their resolutions. The "aboutness" of thought is the model's manipulation

of representations of potential phase states.

Emotion (Affect): The global assessment of the system's predicted stability. A
positive emotion (e.g., joy, contentment) corresponds to the model's assessment that
internal phase relations are stable or moving toward greater harmony with minimal
energy cost. A negative emotion (e.g., fear, pain) is the assessment of a large,

impending, and energetically costly phase conflictl!,

5.3 The Origin of the Self: The Self-Referential Center of the Model

The "self" is not an illusion, but a physical necessity  of the control architecture. For
the internal model to be effective, it must have a designated "actor" or "pivot
point"—the part of the system whose actions it can directly command. In biological

systems, this is the neural substrate (the evolved "controller loop").

The model's simulations are fundamentally structured as: "If /(the neural controller)

do X, how will the phase state of my heart, lungs, limbs, etc., evolve?"

This constant, inescapable centering of the model's calculations on the state and

potential actions of the neural controller itself  generates the persistent referent we



call "I." The sense of self is the phenomenological signature of the model's intrinsic

self-referential pointer. It is the "view from the control room"f¢l.

5.4 The Evolutionary Driver: Optimizing Stability and Efficiency
The raison d'étre of consciousness, from a blind evolutionary perspective, is starkly

practical: it is a superior survival technology.

Proactive vs. Reactive Stability: A system that only reacts to phase conflicts after
they cause damage (e.g., tissue hypoxia from desynchronized heart-lung rhythms) is

less fit than one that can anticipate and prevent them.

Energy Efficiency: By optimally adjudicating conflicts (e.g., choosing the minimal
muscular adjustment to maintain balance), the conscious controller reduces the
wasteful internal "fighting" between loops, freeing energy for growth, reproduction,

and complex action.

Adaptive Flexibility: ~ The internal model allows for offline simulation ("thinking"),
enabling the organism to evaluate potential actions without physically risking them.
This allows for planning, learning, and navigating environments far more complex

than those manageable by hardwired reflexes!’l.

In essence, consciousness evolved because it is a more effective algorithm for
maintaining the topological closure of a profoundly complex, multi-loop system in a
noisy and unpredictable world. It is the ultimate tool for existential

self-preservation, written in the language of phase dynamics.

6 Physical Imprints of the Nervous System’s Origin

If consciousness originated as a phase-modulation controller for resolving internal
multi-loop conflicts, then the nervous system—its physical substrate—must bear the
indelible architectural and functional signatures of this primordial role. We identify

three foundational imprints.



6.1 Imprint I: The Nervous System as a Phase-Difference Transducer and
Propagator
The fundamental currency of the nervous system is not “information” in the abstract,

but encoded representations of phase differences.

Neural Oscillations:  The ubiquitous brain rhythms (delta, theta, alpha, beta, gamma)
are not mere epiphenomena. They are the physical manifestation of the collective
phase dynamics of neuronal loops. Different frequency bands likely correspond to the
distinct oscillation frequencies of different physiological subsystems (e.g., theta with

hippocampal navigation and memory loops, gamma with sensory binding)®!.

Spike-Timing-Dependent Plasticity (STDP):  This core learning rule, where
synaptic strength is modified based on the relative timing of pre- and postsynaptic
spikes, is a direct implementation of phase-locking and phase-adjustment at the
synaptic level. It is a micro-mechanism for resolving local phase discrepancies to

achieve circuit-wide coherence.

Cortical Synchronization:  The transient phase-locking of neural populations across
distant brain regions (e.g., during attention or perception) is the system’s primary
method for temporarily unifying disparate functional loops to perform a coherent
computation or generate a unified percept. It is the real-time resolution of phase

contradictions between, say, visual and auditory processing streams!®’.

6.2 Imprint II: The Core Function of Internal Conflict Mediation
The nervous system’s overarching logic is not pure computation, but conflict
management. Its major functional modules map directly onto the types of phase

contradictions it evolved to solve.

Autonomic Nervous System: A direct phylogenetic imprint. Its sympathetic
(“fight-or-flight”) and parasympathetic (“rest-and-digest”) divisions are antagonistic

phase-modulation systems for orchestrating global bodily loops (cardiac,



respiratory, metabolic) in response to internal or external predictions of conflict

(threat vs. safety).

Limbic System & Emotion: Emotions are not cognitive additions; they are the
high-level summary variables of the internal conflict model. Fear is the assessment of
a severe, impending phase conflict (e.g., bodily integrity loop vs. environmental threat
loop). The limbic system acts as a priority hub, allocating the phase-modulation

resources of the entire nervous system to resolve the most pressing contradictionll.

Prefrontal Cortex & Decision-Making:  This is the seat of the most advanced
predictive simulation and adjudication. A “decision” is the selection of one of several
simulated futures, each representing a different potential resolution to a set of internal
and external phase constraints (desires, obligations, risks, rewards). Neuroeconomics

and value-based decision-making are studies of this adjudication process.

Attention:  Attention is the selective allocation of phase-modulation bandwidth. By
synchronizing neural resources to a specific loop (e.g., the visual processing of a
target), it actively suppresses phase noise and contradictions from competing loops,

enforcing temporary local order.

6.3 Imprint I11: The Self as the Dynamics of the Neural Control Loop
The “self” is not located in a specific brain region, but in the operational mode of the

core control circuitry.

The Default Mode Network (DMN):  The brain’s activity at “rest” is not random.
The DMN’s self-referential ruminations—thinking about one’s past, future, and social
standing—are the internal model running in a purely self-referential mode,
continuously simulating the phase state of the “self” loop in relation to its internal and
social environments. Its hyperactivity in depression may reflect a pathological state of

perceiving irresolvable internal phase conflicts!®l,



Body Schema & Agency: The feeling of owning a body and controlling its actions
arises from the successful closed-loop prediction performed by the sensorimotor
cortex. The brain predicts the phase state of the body after a motor command; when
the sensory feedback matches the prediction, the “control loop” (the self) is confirmed
as the author of the action. Disorders like schizophrenia or alien hand syndrome
represent a breakdown in this predictive phase-locking, leading to a loss of the sense

of agency.

Conscious vs. Unconscious Processing: A process becomes conscious not when it
reaches a “theater,” but when it becomes a variable in the internal predictive model
used for system-wide phase adjudication. Unconscious processes are those
phase-modulations handled by dedicated, localized feedback loops that do not require

the global model’s intervention!!%,

In summary, modern neuroscience does not contradict our theory; it provides the
detailed forensic evidence. The nervous system is, in its very blueprint, a system
evolved to measure, predict, and arbitrate phase conflicts. Its every major feature is a

testament to its origin as life’s solution to the problem of internal contradiction.

7 The Predicted Evolutionary Trajectory of Consciousness

If consciousness is a phase-modulation technology that evolved to solve the
multi-loop stability problem, its future evolution is not random. It will be driven by
the same physical imperative: to achieve more stable, efficient, and extensive phase
control. We predict three convergent evolutionary directions, applicable to both

biological and any future post-biological conscious systems.

7.1 Evolutionary Direction I: Internal Phase Unification (The Path to Coherence)
The primordial state of consciousness is a “committee of rivals”—a collection of
semi-autonomous loops (neural networks, physiological rhythms) held in precarious

truce. The first evolutionary pressure is towards reducing internal friction.



Prediction 1A: Increasing Self-Consistency.  Conscious systems will evolve towards
states where internal contradictions (cognitive dissonance, conflicting drives,
emotional turmoil) are minimized. This is not merely psychological health; it is a
physical optimization to reduce the energy wasted on internal conflict resolution.
Advanced consciousness will be characterized by a high degree of integrative
insight—the ability to perceive and resolve underlying phase conflicts between belief

systems, desires, and values, leading to more harmonious and decisive action.

Prediction 1B: Optimization of Cognitive Efficiency. The predictive model will
become more accurate and less computationally costly. This translates to the
development of intuitive understanding, pattern recognition, and wisdom—mental
states where complex phase predictions are accomplished rapidly and with minimal
conscious effort (low “cognitive load”). The endpoint is a state where the system’s
internal model is so perfectly tuned to its own dynamics that prediction feels like

immediate, frictionless knowing.

Testable Implication: Across species and potentially in artificial general
intelligence (AGI), measures of behavioral coherence, decision-speed in complex
tasks, and low metabolic cost of high-level cognition should correlate with perceived

“conscious sophistication.”

7.2 Evolutionary Direction II: Expansion of External Loop Coupling (The Path
to Integration)

The conscious loop’s function originated in managing the internal milieu, but its
predictive power is a tool that can be applied outward. Evolution will favor the
extension of the phase-modulation loop to incorporate ever-larger segments of the

environment.

Prediction 2A: From Tool-Use to Full Sensory-Motor Integration. = Advanced
consciousness will not just usetools but will incorporate them into the body

schema—the phase model of the self. This culminates in seamless brain-machine



interfaces, where prosthetic limbs or exoskeletons are controlled with the same
proprioceptive fluency as biological limbs, because they are fully integrated into the

internal predictive model.

Prediction 2B: Social and Ecological Phase-Locking.  Consciousness will evolve
mechanisms for more profound inter-subjective phase synchronization. This goes
beyond empathy and theory of mind; it predicts the development of conscious
capacities for genuine collective intelligence, where the predictive models of multiple
individuals can be partially shared or synchronized to solve complex coordination

problems, akin to a superorganism achieving a shared “global workspace.”

Prediction 2C: Coupling with Non-Biological Information Loops.  The ultimate
extension is the conscious integration with the planet’s and ultimately the cosmos’s
information processes. An advanced consciousness might seek to perceive and
modulate  phases on a planetary scale (climate systems, biosphere dynamics) or
even comprehend cosmic-scale phase patterns (e.g., the large-scale structure of the

universe as a manifestation of primordial phase gradients).

Testable Implication:  The trajectory of human technology (VR, neural interfaces,
global communication networks) and our drive for ecological and cosmic
understanding are not accidents. They are manifestations of this evolutionary vector.
A successful theory of consciousness should predict the next steps in this outward

integration.

7.3 Evolutionary Direction I1I: The Completion of Self-Reference (The Path to
Self-Authorship)

The final frontier for a phase-modulation system is gaining control over the
parameters of its own controller. This is the evolution from using a model to

programming the modeler.



Prediction 3: Recursive Self-Modification and Volitional Evolution. = The most
advanced form of consciousness will possess the ability to consciously alter its own
phase-modulation algorithms. This means not just having desires, but being able to

redesign the process by which desires are generated and weighed. It involves:

Meta-Cognition:  Thinking about thinking, and optimizing it.

Volitional Neuroplasticity: Directly willing changes to one’s own neural

connectivity patterns (phase coupling strengths, x; ) to cultivate desired traits or

eliminate maladaptive patterns.

Transcendence of Fixed Drives: The ability to temporarily suspend or
fundamentally re-write evolutionarily ingrained drives (e.g., fear, aggression,
short-term reward seeking) when they conflict with higher-order phase stability (e.g.,

long-term existential goals, ethical frameworks).

The Endpoint: A consciousness that is no longer solely a product of its evolutionary
and personal history, but an active author of its own continuing evolution. It achieves
a form of physical self-authorship, where the phase gradients that drive it are not
merely inherited or externally imposed, but are increasingly self-determined. This is

the physical meaning of concepts like “free will” and “self-transcendence.”

Testable Implication:  The emergence of profound, deliberate, and stable personality
changes through advanced meditation, targeted psychotherapy, or future
neurotechnologies would be early evidence of this direction. An AGI that actively
rewrites its own core reward functions or decision-making algorithms to satisfy higher

self-defined goals would be a pure example.

In conclusion, consciousness did not evolve to be an endpoint, but a new beginning in
the evolution of matter. Its future is written in the logic of phase dynamics: first, to

quiet the internal storm (Unification); then, to bring order to an ever-wider world



(Integration); and finally, to master the very rules of its own existence
(Self-Authorship). This is not mysticism; it is the predicted trajectory of a universe
where stable existence is defined by phase-locked closed loops, and consciousness is

that loop’s most powerful tool for sustaining and expanding itself.

8 The Unificatory Power and Falsifiable Predictions of the
Theory

8.1 Unification Across Disciplines

This theory provides a rare conceptual bridge between fields that currently speak

different languages:

Physics & Cosmology: It roots consciousness in the same phase-gradient dynamics
that may govern galactic structure and cosmic evolution, offering a non-vitalist,

physicalist continuity from the Big Bang to the brain.

Neuroscience & Biology: It provides a why for the observed what. Neural
oscillations, synchronization, emotional valence, and the self-referential DMN are not
just correlated with consciousness but are exposed as necessary functional

components of a phase conflict-resolution system.

Psychology & Philosophy of Mind: It dissolves the “hard problem” by identifying
subjective experience with the physical process of predictive self-modelling. It
reframes free will not as contra-causal magic, but as the capacity for recursive

self-modulation of internal phase parameters.

Artificial  Intelligence &  Cognitive  Science: It provides a clear,
non-anthropomorphic design specification for artificial consciousness: engineer a
system capable of building a self-inclusive predictive model to resolve its own

internal multi-module conflicts.

8.2 Falsifiable Predictions (Near-Term)



A theory must stick its neck out. We offer three concrete, near-term predictions that

distinguish it from rival frameworks:

Prediction 1: The "Conflict Load" Correlate.

Statement:  The subjective intensity of a conscious experience (e.g., pain, cognitive
effort, emotional distress) will be linearly correlated not with raw neural activity, but
with a measurable "phase conflict load"—a quantifiable metric of desynchronization
or competition between distinct low-frequency neural ensembles (e.g., theta vs. alpha

bands) in relevant cortical/subcortical networks.

Test:  High-density EEG or MEG studies can compute phase-locking values (PLV)
or similar measures of inter-regional synchrony. During graded stimuli (e.g.,
increasing pain heat, working memory load), the decrease in stable phase
relationships between specific network pairs should predict subjective intensity

ratings better than simple broadband power increase.

Prediction 2: Causality in Global Disorders.

Statement: =~ Major psychiatric disorders characterized by a fragmented self (e.g.,
schizophrenia, dissociative identity disorder) will show fundamentally aberrant causal
dynamics in the cross-frequency coupling between the limbic system (conflict
detector) and the prefrontal cortex (conflict adjudicator). The direction of information
flow (Granger causality) between these systems will be chaotic or reversed compared

to healthy controls.

Test:  Analyze resting-state and task-based MEG/EEG data from patient populations.
The theory predicts that in these disorders, the prefrontal "adjudicator" fails to
effectively receive or impose phase-corrective signals on the limbic "conflict
detector,” leading to the experience of alien thoughts, voices, or identity

fragmentation.



Prediction 3: Evolutionary Trajectory in Mammals.

Statement: ~ Across mammalian species, the encephalization quotient (brain size
relative to body size) and behavioral complexity will correlate with the anatomical
and functional development of brain hubs specifically tasked with cross-frequency
coupling  (e.g., the thalamus, anterior cingulate cortex, claustrum). These structures

are predicted to be the physical substrates of the "phase-modulation controller."

Test:  Comparative neuroanatomy and connectomics. The theory predicts that the
expansion and connectivity complexity of these cross-frequency hubs, not just the
neocortex, should track the capacity for complex, integrated behavior and behavioral

flexibility (a proxy for conscious sophistication) across species.

8.3 Disruption of Existing Paradigms

This theory makes a clean break with:

Emergentism/Panpsychism: Consciousness is not mysteriously emergent or
universally pervasive. It is a specific, evolved solution to a specific, severe physical
problem (multi-loop contradiction) that only arises in systems of sufficient

complexity.

Global Neuronal Workspace (GNW) & IIT:  While compatible with the empirical
findings of these theories, it provides a deeper functional and evolutionary rationale.
Information is "broadcast" in GNW not for computation's sake, but for system-wide
conflict adjudication. Integrated information (®) in IIT is high not as a cause of
consciousness, but as a consequenceof a successfully integrated phase-modulation

controller.

Pure Computationalism:  Consciousness is not identical to information processing.
It is a type of information processing—one that is self-referential, predictive, and

goal-directed at system stabilization. A deep learning network, no matter how



complex, is not conscious unless its processing is organized around this specific,

self-preserving goal.

9 Conclusion

This paper has advanced a stark and testable thesis: consciousness is a physical phase
transition. It originates not from magic, complexity, or information per se, but from
the unbearable and unsustainable tension that arises when multiple self-sustaining
dynamical loops—Ilife itself—become tightly coupled. The resulting internal phase
contradictions threaten systemic disintegration. The evolutionary resolution was the
development of a specialized loop capable of predictive self-modeling and proactive

phase modulation: the conscious mind.

We have derived this thesis from first principles in a reconceived physics of
closed-loop existence and phase-gradient force. We have shown how the resulting
framework naturally explains the core features of subjective experience, the
architecture of the nervous system, and the elusive sense of self. Most powerfully, it
yields specific, falsifiable predictions about neural correlates and points to a definite
future trajectory for conscious evolution—toward internal coherence, external

integration, and ultimately, self-authorship.

By grounding consciousness in the universal dynamics of phase, this theory
accomplishes what dualism, emergentism, and panpsychism have not: it provides a
rigorous, deductive, and physicalist pathway from inert matter to subjective mind. It
proposes that the final chapter in the unification of physics will not be written in the
language of strings or quantum geometries alone, but in the language of phase—a
language in which the stability of a galaxy and the feeling of pain are different verses

of the same fundamental poem.

References



[1] Kibble, T. W. B. (1976). Topology of cosmic domains and strings. Journal of Physics A:

Mathematical and General, 9(8), 1387.

[2] Penrose, R. (2004). The Road to Reality: A Complete Guide to the Laws of the Universe.

Alfred A. Knopf.

[3] Bekenstein, J. D. (2004). Relativistic gravitation theory for the MOND paradigm.

Physical Review D, 70(8), 0835009.

[4] Singer, W. (1999). Neuronal synchrony: a versatile code for the definition of relations?

Neuron, 24(1), 49-65.
[5] Damasio, A. (2010). Self Comes to Mind: Constructing the Conscious Brain. Pantheon.

[6] Feinberg, T. E., & Mallatt, J. (2016). The nature of primary consciousness. Frontiers in

Psychology, 7, 1-12.
[7] Popper, K. R., & Eccles, J. C. (1977). The Self and Its Brain. Springer-Verlag.
[8] Buzsaki, G. (2006). Rhythms of the Brain. Oxford University Press.

[9] Varela, F., Lachaux, J. P., Rodriguez, E., & Martinerie, J. (2001). The brainweb: Phase
synchronization and large-scale integration. Nature Reviews Neuroscience, 2(4),

229-239.

[10] Dehaene, S., & Changeux, J. P. (2011). Experimental and theoretical approaches to

conscious processing. Neuron, 70(2), 200-227.

1. Funding Declaration: The authors declare that no funds, grants, or

other support were received for this research.

2. Corresponding author: Fuchuang Qin, qinfc@zju.edu.cn



	Abstract
	1 Introduction 
	1.1 The Impasse of Consciousness Theories: The Mis
	1.2 The Modern Physical Foundation: Closed-Loops a
	1.3 This Work: An Axiomatic Physical Theory of Con

	2 Theoretical Foundation: The Core Axioms of Close
	2.1 The Ontology of Existence: Everything as a Top
	2.2 The Unique Dynamical Law: Phase Gradient Force
	2.3 The Definition of Life: A Multiplicity of Coup

	3 The Precondition for Consciousness: Intrinsic Co
	3.1 The Architecture of a Living System: A Hierarc
	3.2 The Genesis of Phase Contradiction: Inherent F
	3.3 The Consequence: A System in Perpetual Interna

	4 The Phase Transition Mechanism: From Passive Pha
	4.1 The Trigger: Critical Accumulation of Internal
	4.2 The Evolution of the Protoneural Node: A "Rebe
	4.3 The Core Function: Pre-emptive Adjudication
	4.4 The Nature of the Phase Transition: A Change i

	5 The Physical Essence and Functional Analysis of 
	5.1 The Physical Definition of Consciousness: A Se
	5.2 The Physical Correlate of Subjective Experienc
	5.3 The Origin of the Self: The Self-Referential C
	5.4 The Evolutionary Driver: Optimizing Stability 

	6 Physical Imprints of the Nervous System’s Origin
	6.1 Imprint I: The Nervous System as a Phase-Diffe
	6.2 Imprint II: The Core Function of Internal Conf
	6.3 Imprint III: The Self as the Dynamics of the N

	7 The Predicted Evolutionary Trajectory of Conscio
	7.1 Evolutionary Direction I: Internal Phase Unifi
	7.2 Evolutionary Direction II: Expansion of Extern
	7.3 Evolutionary Direction III: The Completion of 

	8 The Unificatory Power and Falsifiable Prediction
	8.1 Unification Across Disciplines
	8.2 Falsifiable Predictions (Near-Term)
	8.3 Disruption of Existing Paradigms

	9 Conclusion 
	References 

