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Abstract 

This work presents a unification of information theory with thermodynamics through holographic 

encoding in space’s substrate, replacing stochastic quantum interpretations with chaotic 

determinism. We describe how information systems achieve resonant coupling through accurate 

internal modeling, allowing conscious systems to selectively strengthen preferred causal patterns. 

Rather than viewing causality as linear chains, we introduce ‘paracausality’ - a network-based 

understanding of simultaneous causal threads that explains how complex systems can actively 

participate in reality’s evolution. This framework provides a mechanical basis for both 

consciousness and free will within a deterministic universe, while offering new perspectives on 

analog computation and the P vs NP problem through interference-based parallel processing. The 

model demonstrates how conscious systems can meaningfully shape reality’s unfolding through 

resonant pattern recognition and amplification, without violating deterministic causality. 

 

I. Introduction 
 

The relationship between consciousness, information, and physical reality presents one of 
humanity’s most persistent challenges. While quantum mechanics reveals strange behavior at 

small scales and neuroscience maps increasingly complex brain functions, we lack a coherent 

framework for understanding how consciousness meaningfully participates in physical reality. The 

apparent conflict between deterministic physics and conscious choice has led many to either deny 

conscious agency entirely or resort to quantum indeterminacy as an escape (Dennett, 1991; 

Penrose, 1994). 

 

This work presents a fundamentally different approach, grounded in precise physical mechanisms. 

When light passes through a bottle, different path lengths created by varied angles of incidence 

transform a simple plane wave into a complex pattern of interference. This transformed pattern 

contains perfect information about both the original wave and the transforming medium, as 

demonstrated by phase conjugate mirrors that can precisely reverse these transformations (Gabor, 

1948). The mathematics of this process reveals how information persists through complex 

transformations while changing representation. 

 
1 Shiva has dedicated twenty years to expanding and promulgating a little known, but historically accepted, alternative 

interpretation of relativity which leverages hydrodynamics to rearrange all modern observations into a cohesive 

whole which supports a chaotically determinant computational paradigm of physics labeled the “Neoclassical 

Interpretation.” Shiva’s work at the intersection of Information theory and neuroscience, attempts to use materialist 

concepts to bring consciousness and even spirituality under the full umbrella of scientific validity. 
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Figure 1. Shows both incident and reflected wavefronts in conventional mirror and phase conjugate mirror. 

 

 

Figure 2. Shows wavefront reflections in both conventional and phase conjugate mirrors. (Image credit: Kong, 

Hong Ji et al., (2010). Producing a High Energy, High Power, High Beam Quality, and High Repetition Rate 

Output). 

 

Similar principles operate in conscious systems, where precise timing relationships enable pattern 

recognition through resonant coupling between geometric structures. The key insight emerges 

from understanding how information persists through complex transformations. Just as a footprint 

in sand represents a direct geometric correspondence between foot and ground, consciousness 

achieves resonance with reality through precise matching of transformed patterns. This matching 

occurs not through abstract computation but through physical principles of interference and 

resonance (Pribram, 1991; Li et al., 2024). 

 

Recent developments in quantum hydrodynamics reveal how quantum mechanics itself can be 

understood through fluid-like behavior in phase space (Wigner, 1932; Madelung, 1927). When 

viewed through the Wigner-Weyl transform, quantum systems demonstrate precisely the kind of 

coupled rotation-translation relationships that enable coherent pattern encoding. This suggests that 
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what appears as information “compression” in one representation may actually be lossless 

encoding through rotational degrees of freedom (Lundholm et al., 2015). 

 

Scale and Perspective in Complex Systems 
 

To understand how consciousness operates within a deterministic framework, we must first 

recognize the crucial role of scale and perspective in complex systems (Bak, 1996). Consider a 

tornado: while we commonly think of it as the visible funnel cloud, this boundary is largely illusory 

- created by rotation altering local relative humidity to cross the dew point. The tornado is actually 

the interaction of two massive air masses, with energy concentrating into a smaller locale to create 

a phase transition. This phase transition, while not truly separate from the larger system, creates 

real secondary effects that make it meaningful to consider the tornado as a distinct phenomenon at 

certain scales of analysis (Lorenz, 1963). 

 

This principle extends to consciousness itself. Just as a whip’s crack seems to originate at its tip 

but actually represents the concentration of energy channeled down from the wielder through the 

entire length, consciousness emerges as a notable phase transition in the processing of information 

and energy (Bak, 1996). It’s not truly separate from its environmental context, but it creates real 

secondary effects that make it meaningful to consider at certain scales of analysis. 

 

These examples highlight a fundamental truth: our understanding of complex systems depends 

heavily on the scale at which we observe them (Bak, 1996). A river viewed over thousands of 

years appears to actively shape the landscape, while on human timescales the landscape seems to 

constrain the river. Neither perspective is wrong - they simply reflect different scales of 

observation and interaction. 

 

II. Foundations in Geometric Information Processing 
 

A. Information-Entropy Unification Through Physical Mechanisms 
 

The traditional understanding of entropy as increasing disorder obscures a deeper truth about how 

information exists in physical reality. When a footprint forms in sand, it creates a direct geometric 

correspondence between foot and ground - a physical encoding of information through shape 

matching (Shannon, 1948). This simple example reveals a fundamental principle: information 

exists primarily through geometric relationships that can persist even through complex 

transformations. 

 

These geometric relationships include crucial rotational aspects often overlooked in traditional 

analysis. Just as electromagnetic waves propagate through coupled electric and magnetic fields, 

information propagates through coupled rotational and translational degrees of freedom (Maxwell, 

1865). This coupling provides the physical basis for how systems can maintain coherent 

information through apparently chaotic transformations. 
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B. Wave Mechanics and Pattern Formation 
 

Consider what happens when light passes through a bottle of soda. The varying thickness and 

refractive properties of the glass create different path lengths for different parts of the incoming 

wave. What began as a simple plane wave emerges as a complex pattern of interference, seemingly 

disordered yet containing perfect information about both the original wave and the transforming 

medium (Gabor, 1948). This transformation is not random but precisely determined by the 

geometry of the glass and the principles of wave propagation. 

 

This process manifests most clearly in phase space, where the Wigner-Weyl transform reveals how 

quantum systems maintain coherent information through fluid-like behavior (Takabayasi, 1954). 

The transform maps quantum states into a phase space representation where rotational and 

translational degrees of freedom become explicit. What appears as quantum strangeness in one 

representation becomes comprehensible fluid dynamics in phase space. 

 

C. The Role of Timing in Geometric Encoding 
 

The temporal aspect of geometric relationships proves crucial yet often overlooked. When waves 

interact with matter, the resulting interference patterns encode not just spatial positions but precise 

timing relationships (Yariv, 1978). The paths of different lengths created by varied angles of 

incidence result in phase differences that define complex surfaces in space-time. These surfaces 

are as real and definite as physical objects, though they exist in the pattern of wave relationships 

rather than solid matter. 

 

 

Figure 3. (Top) Bottle’s distortion/transformation of image is reversed, therefore undone. 

(Bottom) Transformation from bottle distorts image twice. (Image credit: Wikimedia Commons)  
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This encoding process preserves perfect reversibility while creating increasingly complex patterns. 

A phase conjugate mirror demonstrates this preservation by precisely reversing wave distortions 

(Nielsen & Chuang, 2010). When the distorted wave encounters the mirror, each component is 

reflected in a way that exactly reverses its angle of incidence. The reflected waves retrace their 

paths through the bottle, reconstructing the original plane wave. This is not magic but a 

demonstration of how geometric relationships persist through transformation. 

 

III. Paracausality: Network-Based Causation 
 

A. Beyond Linear Chains 
 

Traditional conceptions of causality follow simple chains: A causes B, which causes C. This linear 

view fails to capture how real physical processes unfold through multiple simultaneous 

interactions across different scales (Barabási, 2002). An avalanche does not result from a single 

“last snowflake” but from the simultaneous arrangement of countless snow crystals, temperature 

gradients, and underlying terrain features. The event emerges from the totality of these 

relationships. 

 

To understand this more complex form of causation, consider again the tornado example. While 

we might try to trace a linear chain of causes - temperature differences leading to air movement 

leading to rotation - this misses the essential nature of the phenomenon (Singer, 1999). The tornado 

emerges from the simultaneous interaction of multiple air masses, pressure systems, and local 

conditions, all contributing to a phase transition that creates visible effects. The causation is 

network-based, with multiple factors influencing each other in real-time rather than following a 

simple chain of events. 

 

B. Scale-Dependent Causation 
 

The inadequacy of linear causation becomes particularly evident when we consider how causal 

relationships change across scales (Atmanspacher & Primas, 2006). Just as a river appears to be 

shaped by the landscape on human timescales but shapes the landscape over geological time, 

causal relationships can appear radically different depending on the scale of observation. This isn’t 

merely a matter of perspective - different scales genuinely reveal different aspects of causal 

networks. 

 

When neural populations achieve synchronized firing, the resulting field effects influence activity 

across multiple scales simultaneously (Bohm, 1952). This isn't a chain of firing neurons but a 

coherent pattern of activity emerging through resonant coupling between different scales of 

organization. The geometry of these relationships determines how patterns evolve and interact. 
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C. Field Effects and Pattern Formation 
 

Pattern formation in paracausal networks emerges through field effects that coordinate activity 

across multiple scales (Dehaene & Naccache, 2001). Consider how the whip’s crack emerges: 

while it seems to originate at the tip, it actually represents the combined actions that result in 

concentration of energy and motion channeled down a chain of interactions that result in a local 

“phase change” producing sound. This may appear to be a linear sequence, but it is a coordinated 

transformation of energy following an attractive path through a complex geometric structure. The 

chain of events that led to the presence and character of the air, however, cannot be ignored as 

equally causal in the phenomena of the pop. 

 

The phase space description reveals how these patterns maintain coherence (Hofstadter, 2007). 

Just as quantum systems demonstrate fluid-like behavior in the Wigner-Weyl transform, conscious 

field effects create coherent patterns through coupled geometric relationships. The quantum 

potential that emerges in phase space has its analog in neural field effects, where synchronized 

activity creates patterns that guide subsequent evolution of the system. 

 

IV. Consciousness and Resonant Coupling 
 

A. Mechanism of Conscious Interaction 
 

Consciousness interacts with physical reality through principles of geometric correspondence and 

interference patterns (Li et al., 2024). Just as a hologram reconstructs three-dimensional images 

through wave interference, conscious systems maintain internal models that achieve resonant 

coupling with reality’s patterns. This coupling occurs not through abstract computation but through 

physical principles of interference and resonance. 

 

The brain’s geometry stores a four-dimensional model of the world in its structure, similar to how 

a hologram stores a three-dimensional image in two dimensions (Pribram, 1991). While the precise 

mechanics continue to be explored, we can understand neurons and their connections as an 

interference engine that encodes incoming sensory information into patterns. These patterns 

maintain geometric correspondence with reality through principles similar to how a phase 

conjugate mirror maintains wave coherence through space. It is a transformed representation of a 

surface. 

 

B. Scale and Information Integration 
 

One of the most profound aspects of conscious processing is its ability to integrate information 

across multiple scales simultaneously (Couder & Fort, 2005). This integration occurs not through 

sequential computation but through resonant coupling between geometrically matched patterns. 

When neural populations achieve synchronized firing, they create electromagnetic patterns that 

influence subsequent activity across multiple scales. This isn’t mere correlation but physical 

resonance between geometrically matched patterns. 
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Consider how immediate experience arises: it emerges from the interference between a complex 

hologram encoded in the brain with a less complex one incoming, with consciousness noting the 

differences between these patterns (Bush, 2015). This process mirrors how physical objects encode 

their history through surface reflections - their shape exists as a record of all prior interactions. 

 

V. Computational Implications 
 

A. Beyond Sequential Processing 
 

Traditional approaches to computation, based on sequential processing of discrete states, face 

fundamental limitations that the study of consciousness through resonant coupling helps illuminate 

(von Békésy, 1960). When we consider how consciousness actually solves complex problems - 

not through exhaustive sequential checking but through holographic interference patterns - we 

glimpse possibilities for radically different approaches to computation. The phase space 

description of quantum mechanics provides a model for how this might work (Bryngelson & 

Wolynes, 1987). Through the Wigner-Weyl transform, quantum systems reveal fluid-like behavior 

that enables parallel exploration of possibilities through interference patterns (Feynman, 1982). 

 

Recent experimental evidence from quantum hydrodynamics demonstrates how deterministic 

systems can achieve sophisticated parallel processing through wave-based interactions (Vidrighin 

et al., 2016). The silicone droplet experiments of Bush and colleagues reveal how apparently 

random behavior at short time scales can mask deeper patterns of organization that emerge through 

wave-mediated interactions with the environment (Lent, 2019). This suggests new approaches to 

computation based on geometric pattern matching rather than sequential logic. 

 

B. Natural Implementation in Physical Systems 
 

Physical systems already implement these principles through their natural behavior. The cochlea 

performs a physical Fourier transform through its mechanical properties (Lloyd, 2000). Protein 

folding achieves sophisticated optimization through physical resonance between molecular 

structures (Cook, 1971). These natural computing systems suggest new approaches to artificial 

information processing based on resonant coupling rather than digital logic. 

 

Most significantly, recent experiments with metamaterials have demonstrated the possibility of 

creating physical implementations of Maxwell’s demon (Couder et al., 2010). These systems 

achieve local entropy reduction not through abstract information processing but through geometric 

structures that enable resonant coupling between different scales of organization. The success of 

these experiments provides concrete evidence for how geometric pattern matching can enable 

sophisticated information processing through physical principles. 

 

C. Quantum Computing Implications 
 

The implications for quantum computing are particularly profound. Rather than focusing solely on 

quantum parallelism through superposition, quantum computers might exploit the fluid-like 
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behavior revealed by the Wigner-Weyl transform (Tegmark, 2014). The quantum potential that 

emerges in phase space provides a mechanism for non-local optimization through immediate 

coupling across the system. 

 

Recent theoretical work suggests that quantum systems naturally implement a form of holographic 

computation through their phase space dynamics (Dennett, 1984). The ability of quantum systems 

to maintain coherent relationships through the quantum potential provides a physical basis for 

understanding how quantum computers achieve their computational advantages. This suggests 

new approaches to quantum algorithm design based on geometric pattern matching rather than 

quantum circuit manipulation. 

 

D. The P vs NP Question 
 

The holographic principle of information encoding offers a new perspective on the P vs NP 

problem (Penrose, 1989). Just as a hologram can reconstruct complex three-dimensional 

information from a two-dimensional interference pattern, certain seemingly complex 

computational problems might admit simple solutions when approached through the right 

geometric transformation. What appears as exponential complexity in one representation might 

manifest as polynomial complexity in a transformed space that better matches the natural geometry 

of the problem. 

 

This insight is supported by recent developments in quantum hydrodynamics, where apparently 

complex behaviors emerge from simple underlying principles of wave interaction (Goodfellow et 

al., 2016). The success of pilot-wave theories in explaining quantum phenomena through 

deterministic mechanics suggests that similar principles might apply to computation, where 

apparent complexity could be managed through appropriate geometric transformations of the 

problem space. 

 

VI. Conclusions 
 

A. Synthesis of Framework 
 

This work has presented a unified framework for understanding consciousness, computation, and 

physical reality through the lens of geometric information processing (Hawkins & Blakeslee, 

2004). By recognizing how information persists through complex transformations via geometric 

relationships, we resolve long-standing paradoxes about consciousness and free will while 

suggesting new approaches to computation and artificial intelligence. The mathematical formalism 

developed in the appendices provides a rigorous foundation for these ideas, showing how they 

emerge from fundamental physical principles. 

 

The key insight emerges from understanding how conscious systems achieve pattern recognition 

through resonant coupling with transformed patterns (Mallat, 1999). Just as a tornado represents a 

phase transition in fluid dynamics that creates real secondary effects while remaining part of a 

larger system, consciousness represents a phase transition in information processing that creates 
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meaningful effects while remaining part of deterministic causation. This framework provides a 

mechanical basis for both consciousness and free will without requiring any violation of physical 

law. 

 

B. Resolution of Free Will 
 

Our framework resolves the apparent conflict between deterministic physics and conscious choice 

by recognizing free will as a scale-based phenomenon (Wigner, 1932). Rather than requiring a 

break in causal chains, free will emerges from the ability to participate in and influence complex 

causal networks through resonant coupling. While we cannot violate physical law by instantly 

transforming into butterflies, we can meaningfully shape reality through resonant coupling at 

human scales of action. 

 

This understanding preserves both the reality of conscious choice and the integrity of physical law. 

Consciousness achieves its effects not through mysterious quantum collapse or violations of 

causality, but through sophisticated pattern matching and amplification within the deterministic 

framework of physical law (Goodman, 2005). 

 

C. Implications for Technology 
 

The framework suggests new directions for both theoretical development and practical 

applications in the field of computation and artificial intelligence (Ashby, 1956). By understanding 

how biological systems achieve sophisticated information processing through resonant coupling, 

we gain insights into potential new architectures for both classical and quantum computing. The 

success of recent experiments with metamaterials and quantum hydrodynamics provides concrete 

evidence for the viability of these approaches. 

 

Most importantly, this framework suggests that consciousness and intelligence are not mysterious 

emergent phenomena but natural manifestations of how information exists and transforms in 

physical reality (Kozachenko & Leonenko, 1987). By recognizing the fundamental role of 

geometric relationships in information processing, we gain both theoretical insight and practical 

guidance for developing more sophisticated approaches to computation and artificial intelligence. 
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Appendixes 
 

Appendix A: Mathematical Formulation 
 

A.1 Geometric Transformation Functions 
 

For a geometric pattern G transformed through medium M, we can express the transformation T 

as: 

 

T(G,M) = ∫∫ G(x,y)M(x,y)dxdy 

 

Where T represents the transformed pattern and M encodes the medium’s transformation 

properties (Haken, 1977). The information content I(G) is preserved through this transformation: 

 

I(G) = I(T(G,M)) 

 

Though its representation may change dramatically. This preservation becomes explicit in phase 

space, where the Wigner function W evolves according to: 

 

∂W/∂t = {H,W}_MB 

 

where {,}_MB denotes the Moyal bracket, generalizing the Poisson bracket to quantum systems 

(Koenderink, 1990). 

 

A.2 Resonant Coupling 
 

The resonance function R between patterns P1 and P2: 

 

R(P1,P2) = ∫∫ P1(x,y)P2*(x,y)dxdy 

 

Where P2* represents the complex conjugate of P2 (Bohm, 1952). When normalized by pattern 

intensities, this gives the resonance function: 

 

η = |R(P1,P2)|²/[∫|P1|²∫|P2|²] 

 

Patterns with high resonance are selectively amplified through constructive interference, while 

others are dampened through destructive interference (Chalmers, 1996). 

 

A.3 Scale Transformation 
 

Information preservation under scale transformation follows: 

 

T(s): x → sx G(x) → s^(-d)G(x/s) 
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The clustering entropy at different scales: 

 

H_scale = -Σᵢ p_i ln(p_i) 

 

where p_i represents the probability of patterns at scale i (Bush & Oza, 2021). This formalism 

explains how interference patterns can encode relationships that remain meaningful across 

multiple spatial and temporal scales while maintaining reversibility in principle. 

 

Appendix B: Field Effects and Information Integration 
 

B.1 Field Coupling Equations 
 

The coupling between fields φᵢ follows the general form: 

 

∂φᵢ/∂t = Dᵢ∇²φᵢ + ∑ⱼ Jᵢⱼf(φⱼ) + ηᵢ(t) 

 

Where: 

 

● Dᵢ represents diffusion coefficients 

● Jᵢⱼ represents coupling strengths 

● f is a nonlinear activation function 

● ηᵢ represents noise terms (Haken, 1977) 

 

This system of equations describes how patterns can maintain coherence while evolving through 

field interactions, providing a mathematical framework for understanding how biological systems 

achieve sophisticated information processing through resonant coupling rather than sequential 

computation. 

 

B.2 Multi-Scale Integration 
 

The integration across scales follows: 

 

Φ(x,s) = ∫ K(s,s')∫ w(x-x',s')φ(x',s')dx'ds' 

 

Where s represents the scale parameter and K represents the scale coupling kernel (Koenderink, 

1990). This formulation captures how systems can maintain coherent relationships across multiple 

scales of organization, a crucial feature of biological information processing. 
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Appendix C: Quantum Effects and Pattern Processing 

 

C.1 Phase Space Dynamics 
 

The Wigner-Weyl transform reveals quantum systems as fluid-like patterns in phase space: 

 

∂W/∂t + {H,W}_MB = 0 

 

Where W is the Wigner function and H is the Hamiltonian (Wigner, 1932). This description 

provides a concrete mechanism for understanding how quantum systems achieve parallel 

processing through interference patterns. 

 

C.2 Quantum Potential Effects 
 

The quantum potential that emerges in phase space: 

 

V_quantum = -ℏ²/2m ∂²√ρ/∂x²/√ρ 

 

Creates non-local correlations through pressure-like effects in the probability fluid (Bohm, 1952). 

This suggests deeper connections between quantum phenomena and information processing 

through geometric relationships. 

 

Appendix D: Synthesis and Future Directions 
 

D.1 Unification of Mechanisms 
 

The framework presented here reveals how consciousness operates through resonant coupling 

between geometric patterns at multiple scales (Chalmers, 1996). Key aspects include: 

 

1. Information preservation through geometric transformation 

2. Scale-dependent pattern recognition through resonance 
3. Network-based causation through paracausal relationships 

4. Holographic encoding of information in physical systems 

 

These principles provide a foundation for understanding how conscious systems achieve 

sophisticated information processing while remaining fully compatible with deterministic physics. 

 

D.2 Implementation Guidelines 
 

Recent experimental work with quantum hydrodynamic systems suggests practical approaches to 

implementing these principles in artificial systems (Bush & Oza, 2021). Key considerations 

include: 
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1. Exploitation of wave interference for parallel processing 

2. Use of geometric transformations for pattern matching 

3. Implementation of scale-dependent resonant coupling 

4. Integration of field effects for information coordination 

 

These guidelines offer concrete directions for developing new computational architectures based 

on the principles revealed by studying consciousness through the lens of geometric information 

processing. 

 

This mathematical framework captures our deterministic approach to entropy and information, 

with particular focus on the role of holographic encoding and dimensionality. By explicitly 

accounting for the information changes that occur in dimensional transformations, we provide a 

more complete picture of how information, entropy, and energy interrelate in our proposed 

framework. 
 


