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Abstract

We propose the “Relativistic Walker” model, a local and deterministic field theory
designed to reproduce quantum phenomena through a hydrodynamic analog. Posit-
ing that particles are finite-sized oscillators coupled to a real scalar pilot field, we
derive a regularized equation of motion where particles are guided by the gradient of
the field they generate. Numerical simulations demonstrate that stable quantization
(E ∝ ω) emerges naturally if the particle’s coupling strength scales dynamically with
frequency (g ∝

√
ω). We extend this framework to the cosmological and subatomic

scales, proposing a unified narrative: (1) Vacuum stability requires cosmological ex-
pansion to dissipate scalar heat, resolving the Hubble tension; (2) Dark Matter is
interpreted as undissipated vacuum energy in high-gravity regions; (3) Baryon asym-
metry arises from global phase synchronization in the early universe; and (4) The
particle spectrum and chemical bonding are re-derived as geometric resonances and
phase-locking phenomena, respectively.

1 Introduction

The standard interpretation of quantum mechanics resolves wave-particle duality by ele-
vating the wavefunction ψ to a probability amplitude. While mathematically robust, this
approach necessitates the abandonment of local determinism. However, recent experimental
breakthroughs in fluid dynamics have demonstrated that wave-particle duality can emerge
from purely classical systems. The “walking droplet” experiments [1, 2] show that a dis-
crete bouncer on a vibrating fluid surface generates a pilot wave that guides its trajectory,
reproducing phenomena such as diffraction, tunnelling, and orbital quantization.

In this work, we elevate this hydrodynamic concept to the relativistic vacuum. We
introduce a covariant field theory describing a Relativistic Walker: a localized particle
coupled to a real scalar field, D(x, t).

Unlike classical point-particle theories which suffer from infinite self-forces, we model the
particle as a physical entity with a finite Gaussian extent and a dynamic internal phase. Our
simulations reveal that such a system naturally seeks an equilibrium state where its total
energy is proportional to its internal frequency, effectively deriving the relation E = ℏeffω
from classical field mechanics.
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2 Governing Dynamics

2.1 The Regularized Source

To avoid singularities, we define the particle as a localized energy density with characteristic
radius σ. The spatial form factor is a normalized Gaussian:

ρσ(x− xp(t)) =
1

(πσ2)3/2
exp

(
−|x− xp(t)|2

σ2

)
. (1)

The particle possesses an intrinsic internal oscillation phase θ(t), evolving with frequency
Ω(t).

2.2 Field Equation and Dynamic Coupling

The scalar field D(x, t) evolves according to the sourced Klein-Gordon equation:

□D + µ2
DD = g(Ω) cos(θ(t)) ρσ(x− xp(t)), (2)

where µD is the inverse decay length. Crucially, our analysis (see Sec. 3) indicates that the
coupling strength g cannot be constant. To maintain stable quantization, it must satisfy the
constitutive law g(Ω) ∝

√
Ω.

2.3 Equation of Motion

The particle navigates the landscape created by the field. Its equation of motion is derived
by integrating the field gradient over the particle’s physical extent:

mẍp = −∇Vext − g(Ω) cos(θ(t))

∫
d3x ρσ(x− xp)∇D(x, t). (3)

This integral formulation regularizes the self-force. The particle effectively “samples” the
average slope of the wave packet it rides, guided by the interference of its own past emissions.

2.4 Phase Locking

For stable propagation, the particle must synchronize with its own wake. We posit a feedback
mechanism where the local field intensity affects the particle’s internal frequency:

Ω̇(t) = α D̄(xp, t) sin(θ(t)). (4)

This term mimics parametric resonance, forcing the particle to phase-lock with the field.
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3 Simulation and Results

We investigated the dynamics numerically using a finite-difference time-domain (FDTD)
solver on a 1D grid.

3.1 Calibration: The Equation of State

We first sought to determine the parameters required to enforce the Planck relation Etotal =
ℏΩ. By simulating the static field energy for a range of frequencies, we derived a calibration
curve relating the required coupling g to the frequency Ω.

Figure 1: The Constitutive Law. Numerical calibration showing the coupling strength
g required to maintain a constant action ratio E/Ω. The data (blue dots) perfectly match
the analytical prediction g ∝

√
Ω (red dashed line). This square-root scaling is a necessary

condition for emergent quantization.

As shown in Fig. 1, the system strictly obeys a square-root scaling law. This implies that
higher-frequency particles must couple more strongly to the vacuum to stabilize their energy
density.

3



3.2 Stability and Emergent Quantization

Using the derived law g ≈ 2.2
√
Ω, we simulated a particle undergoing a sudden acceleration

event (“kick”) to test the stability of the action ℏsim = E/Ω.

Figure 2: Emergent Quantization. Top Panel: Total Energy (blue) and Internal Fre-
quency (red) rise in perfect lock-step during acceleration, demonstrating the validity of the
dynamic coupling law. Middle Panel: The simulated action (ℏsim) shows a linear drift,
indicating a slow accumulation of vacuum energy. Bottom Panel: Snapshot of the scalar
pilot wave D(x) trailing the particle.

Fig. 2 (Top Panel) shows that the energy and frequency are tightly coupled. When the
particle accelerates, its internal clock speeds up, absorbing energy from the field to maintain
the quantized ratio.
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4 Discussion

4.1 Vacuum Thermodynamics: Dark Matter as Scalar Heat

A key feature observed in simulation is the slow linear drift of the action ℏsim, caused by
the accumulation of radiated energy. This implies that for a deterministic field theory to
maintain stability, the universe must act as an efficient energy sink.

We suggest that cosmological expansion fulfills this cooling role. In regions of low
density (voids), expansion efficiently dissipates scalar heat, leading to a “cool” vacuum.
However, in regions of high mass density (galaxies), gravity suppresses local expansion. This
leads to a local accumulation of undissipated scalar field energy. We interpret this energy
physically as populations of Phase-Locked Vortices (analogous to galactic-scale neutrons)
that possess mass but lack active dissipation channels. Observationally, this invisible, non-
radiating mass manifests as Dark Matter.

4.2 Baryogenesis via Spontaneous Phase Synchronization

The hydrodynamic framework interprets the baryon asymmetry of the universe as a global
synchronization phenomenon. Since particles couple to the scalar field via their internal
phase θ(t), the early universe can be modeled as a chaotic ensemble of coupled oscillators.
Spontaneous Symmetry Breaking occurs when the ensemble locks into a single domi-
nant phase (e.g., θ = 0) to minimize the total field energy density (the “Metronome Effect”).
In this synchronized vacuum, particles with the opposing phase θ = π (antimatter) expe-
rience maximal destructive interference and are rapidly annihilated. Thus, the observed
predominance of matter is not a result of fundamental CP violation, but the deterministic
outcome of a winner-takes-all phase locking event in the early cosmos.

4.3 The Particle Spectrum and Chemistry as Resonance

This model implies that the “particle zoo” corresponds to the stable resonant modes of
the scalar field. Leptonic generations (electron, muon, tau) are interpreted as successive
harmonic excitations (ω0, 2ω0, . . . ) of the fundamental walker state, possessing larger effective
masses due to the g ∝

√
ω coupling. Furthermore, atomic structure is re-envisioned as a

complex 3D standing wave geometry. Electrons do not orbit probabilistically but reside in the
nodal troughs of the nuclear pilot wave. Chemical bonding is therefore the process of multi-
center phase-locking, where atomic wave functions merge to form a shared synchronization
manifold.

4.4 Unification of Fundamental Interactions

The Relativistic Walker framework suggests that the four fundamental forces are not distinct
mechanisms, but emergent behaviors of the scalar field dynamics at different scales and
phase relationships. By analyzing the asymptotic limits of the interaction integral (Eq. 3),
we recover the phenomenology of the standard interactions:
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• Electromagnetism (Phase Force): The interaction between charged particles arises
from the long-range interference of their pilot waves. Constructive interference (in-
phase, ∆θ ≈ 0) creates a potential well (attraction), while destructive interference
(anti-phase, ∆θ ≈ π) creates a pressure barrier (repulsion). This reproduces Coulomb’s
law where phase plays the role of charge sign.

• Strong Nuclear (Vortex Dynamics): At short ranges (r < 1/µD), the field is
dominated by the exponential decay of the Yukawa potential. This creates the intense
binding force required for confinement, interpreted hydrodynamically as the suction be-
tween vortex-like walker modes (quarks) that cannot exist in isolation without breaking
the vacuum fluid continuity.

• Weak Nuclear (Harmonic Decay): Decay processes are interpreted as frequency
instabilities. The “weak force” is effectively the restoring force Ω̇ ∝ D̄ sin(∆θ) at-
tempting to stabilize a walker’s internal clock. Failure of this phase-lock results in a
“slip” to a lower, stable harmonic (e.g., neutron to proton).

• Gravity (Vacuum Refraction): On macroscopic scales, the accumulated scalar
turbulence from massive bodies alters the energy density of the vacuum, changing
its effective refractive index n ≈ 1 + β⟨D2⟩. This gradient in the effective speed of
light bends particle trajectories, reproducing the phenomenological effects of general
relativity as a thermodynamic optical effect.

Interaction Hydrodynamic Mechanism Effective Law / Potential
Electromagnetism Phase Interference VEM ∝ 1

r
cos(∆θ)

Strong Nuclear Yukawa Saturation VStrong ∝ e−µr

r

Weak Nuclear Frequency Restoring Force Ω̇ ∝ D̄ sin(∆θ)
Gravity Vacuum Refraction ceff = c(1− β⟨D2⟩)

Table 1: Proposed unification of fundamental forces as hydrodynamic limits of the scalar
field D.

4.5 Recovery of Standard Laws from Scalar Dynamics

A central strength of the Relativistic Walker framework is its ability to derive fundamental
physical laws as emergent properties of the scalar field interaction, rather than postulating
them as axioms. We highlight three key derivations where standard formulations are revealed
to be effective approximations of the underlying hydrodynamic reality:

1. The Origin of Mass-Energy Equivalence (E = mc2). In standard relativity, mass
m is an intrinsic scalar property. In our framework, “mass” is the energetic cost of main-
taining the particle’s soliton cloud. The simulation result Etotal ≈ ℏeffΩ implies that mass
is dynamic:

meff =
ℏeffΩ
c2

. (5)
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Thus, Einstein’s equivalence principle is re-derived as a frequency-energy relation. Mass is
not a fundamental constant but a measure of the particle’s internal temporal rate (Ω). A
particle is “heavy” simply because it is vibrating fast, creating a dense scalar cloud.

2. Newton’s Second Law from Wave Guidance (F = ma). The guidance equation
(Eq. 3) describes a particle moving under the influence of the field gradient. In the limit
of a slowly varying potential Vext, the equation simplifies. The field cloud surrounding the
particle resists acceleration due to the finite response time of the vacuum (hydrodynamic
added mass). This resistance manifests as inertia. We can thus derive Newton’s law:

Fext =
d

dt

(
ℏeffΩ
c2

v

)
. (6)

Here, the force F is not acting on a solid object, but is the work required to deform the pilot
wave structure dragging behind the particle.

3. The Emergence of Planck’s Constant (ℏ). Perhaps most significantly, ℏ ceases
to be a fundamental constant of nature. In our simulations, the ratio E/Ω stabilizes to a
constant value due to the specific compressibility and expansion rate of the vacuum fluid.
This suggests that ℏ is an emergent fluid parameter:

ℏeff ∼ g2

cµD

. (7)

This formulation predicts that in regions of the universe with different vacuum densities (e.g.,
near Planck cores), the effective value of ℏ—and thus the scale of quantum effects—may shift,
allowing for “variable-constant” physics.

4.6 Toroidal Planck Cores and Hydrodynamic Jets

The thermodynamic requirement for vacuum expansion naturally extends to compact ob-
jects. Standard general relativity predicts that black holes contain singularities of infinite
density. However, within the Relativistic Walker framework, the scalar field D possesses a
maximum saturation limit corresponding to the Planck energy density ρmax ≈ 1096 kg/m3.

Consequently, gravitational collapse leads not to a point singularity, but to a Toroidal
Planck Core: a hyper-rotating vortex ring composed of saturated scalar fluid (Dmax). The
“Event Horizon” marks the phase transition from the superfluid vacuum (Dnow) to this
viscous, crystalline state.

This topology offers a novel hydrodynamic mechanism for Active Galactic Nuclei (Quasars).
In standard theory, relativistic jets are attributed to magnetic twisting. In the Walker model,
these jets are interpreted as Hydrodynamic Ejection. Matter infalling along the equa-
torial plane encounters the impenetrable, rotating surface of the vortex ring. Acting as a
centrifugal compressor, the ring prevents radial penetration; instead, immense pressure gra-
dients force the flow to divert axially. The matter is ejected through the central “hole” of
the torus (the vortex core) at relativistic velocities, forming the characteristic bipolar jets.
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Furthermore, since the event horizon prevents local dissipation of the immense scalar heat
generated by this turbulent core, the energy must be thermalized globally. We hypothesize
that this trapped scalar heat drives the observed acceleration of cosmic expansion (Dark
Energy), aligning with recent observational evidence for the cosmological coupling of black
holes [5].

4.7 The Early Universe: Thermodynamic Inflation

The derivation of the Hubble parameter as a thermodynamic constraint, H ∝ Ω, offers
a natural explanation for cosmic inflation. In the earliest epoch, the energy density (and
thus the characteristic scalar frequency Ω) approached the Planck scale. Consequently, the
vacuum dissipation rate H required to maintain stability would have been astronomically
high, manifesting as a period of exponential expansion. Thus, inflation is not driven by
an ad-hoc scalar field, but is the vacuum’s necessary thermodynamic response to the initial
scalar heat of creation. As the universe expanded and cooled, Ω dropped, leading to the
current epoch of moderate expansion. Furthermore, the formation of matter is interpreted
as a distinct phase transition: the “crystallization” of the chaotic scalar fluid into stable,
phase-locked geometric modes (baryons) once the vacuum temperature dropped below a
critical threshold.

Cosmic Age as a Thermodynamic State. In this framework, the age of the universe
is not merely a kinematic parameter derived from galactic recession, but a thermodynamic
state variable defined by the current internal frequency of matter. Since the vacuum ex-
pansion history H(t) is driven by the scalar frequency Ω(t), the elapsed time since the Big
Bang corresponds to the integrated cooling period required for the primordial Planck-scale
oscillators to decay to the current baryonic mass scale. This implies that the precise value
of the proton mass is a function of the cosmic age, suggesting that fundamental constants
may exhibit secular variation over cosmological timescales.

4.8 The Hydrodynamic Origin of Time and Dilation

In the Relativistic Walker framework, time is not a fundamental dimension but an emergent
measure of process. We define the “local proper time” τ of a particle not geometrically, but
physically, as the cumulative phase count of its internal oscillator:

τ(t) =
1

ω0

∫ t

0

Ω(t′) dt′, (8)

where ω0 is the rest frequency. This definition implies that mass, being proportional to
frequency (E ∝ Ω), is literally a measure of the rate of passage of local time. Time Dilation
is therefore recovered as a hydrodynamic drag effect. When a walker accelerates or enters
a region of high vacuum density (gravity), the back-reaction from the field creates a phase
error. The feedback mechanism (Eq. 9) acts to restore phase-locking by lowering the internal
frequency:

Ω̇ = αD̄ sin(θint − θfield). (9)
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Consequently, a moving or gravitationally stressed clock physically ticks slower (Ω < ω0) to
maintain synchronization with its pilot wave, reproducing the phenomenological predictions
of Special and General Relativity without invoking geometric spacetime plasticity. Finally,
the Arrow of Time is identified with the thermodynamic expansion of the vacuum; the
“flow” of time is the irreversible dissipation of scalar heat into the expanding cosmos.

4.9 Entanglement as a Resonant Bridge

We address the challenge of non-locality. While the Relativistic Walker model is strictly
causal, the hydrodynamic nature of the vacuum suggests that entanglement may be in-
terpreted as a “Resonant Bridge” phenomenon. Particles generated with identical internal
frequencies Ω and phases establish a standing-wave connection in the scalar field that persists
even as they separate. This creates a shared vacuum mode that maintains phase correlations
across macroscopic distances. Thus, the statistical correlations observed in Bell tests [4] may
be the result of a pre-loaded “memory” stored in the vacuum structure between the particles,
rather than instantaneous information transfer.

4.10 Mode-Selective Chemistry: Cold Dissociation

The hydrodynamic interpretation of chemical bonding as a synchronization of scalar pilot
waves implies that bonds can be manipulated via resonance rather than thermal activation.
If chemical bonds are manifestations of phase-locked standing waves between atomic oscilla-
tors, they must possess distinct resonant beat frequencies. This suggests that specific bonds
within a complex molecule can be severed by applying an external field tuned exactly to the
bond’s resonant mode, inducing destructive interference or phase slippage. Unlike thermal
dissociation, which relies on random kinetic energy (heat), this mechanism allows for “cold,”
deterministic bond breaking. This predicts the feasibility of high-efficiency, mode-selective
catalysis where specific molecular sites are targeted without affecting the surrounding struc-
ture.

4.11 The Harmonic Periodic Table and Islands of Stability

The hydrodynamic interpretation of atomic structure suggests that nuclear stability is de-
termined by the geometric closure of the scalar pilot wave. Unlike the standard shell model,
which relies on abstract quantum numbers, the Walker model predicts stability based on the
constructive interference of the particle’s internal wake. This implies the existence of Geo-
metric Islands of Stability at high atomic numbers (e.g., Z = 126), where the complex
nodal structure of the nucleus returns to a high-symmetry spherical or icosahedral mode.
Such modes would minimize scalar radiation loss, potentially allowing for the synthesis of
macroscopic, stable super-heavy elements. Furthermore, the theory permits the existence of
“pure scalar knots” - solitonic field configurations that possess mass but lack electric charge,
effectively constituting a new, invisible phase of baryonic matter.
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