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For nearly a century, quantum mechanics has relied on scalar probability amplitudes and algebraic
formulations, often leading to deep ontological crises regarding wave-particle duality and non-local
topological phases. We propose a purely geometric reformulation—the 3D Helical Quantum Me-
chanics (H3QM) formalism—which demonstrates that standard 2D scalar wavefunctions are merely
lower-dimensional shadows of a continuous 3D helical geometric fluid. Without altering the predic-
tive success of the Schrodinger or Pauli equations, we mathematically establish the Conservative
Sector (H3QM-C) by mapping phase flow, spin currents, and topological phase to a helical opera-
tion field. We prove a Curl-Lift Continuity Theorem ensuring empirical equivalence with standard
probability conservation, and reconstruct the Pauli spin current as an internal helical circulation.
Supported by strict numerical simulations, this paper proves that: (1) scalar probabilities exactly
emerge from the geometric projection of helical fields; (2) double-slit interference is a deterministic
generation of topological vortices in spatial fluid rather than the cancellation of existence; and (3)
the Aharonov-Bohm geometric (Berry) phase is the physical consequence of spatial torsion. This
formalism mathematically and visually dissolves quantum mechanics’ long-standing philosophical

paradoxes, paving the way for intuitive unified theories.

I. INTRODUCTION: THE ”"PLATO’S CAVE” OF
QUANTUM MECHANICS

Since the formulation of the Schrédinger equation in
1926, the physics community has largely accepted that
the wavefunction ¢ is an abstract mathematical entity
describing probability amplitudes. Because computa-
tional and visualization tools in the early 20th century
were severely limited, the reduction of physical reality
into purely scalar complex fields was a necessary approx-
imation—a “computational compression.”

However, this compression caused a catastrophic loss
of spatial visibility. By projecting 3D fluidic geometries
into 2D scalar fields, physicists were left to guess at in-
terpretations based solely on probability densities, lead-
ing directly to the great interpretational schisms (Copen-
hagen, Many-Worlds, Pilot-Wave). We argue that tra-
ditional quantum mechanics has been observing “shad-
ows on the wall of Plato’s Cave.” The scalar probability
density [|? is a perfectly accurate 2D projection, but it
masks a richer 3D geometric reality.

In this paper, we introduce the 3D Helical Operation
Field (Opy) ontology. We provide strict mathematical
proofs that quantum phenomena are continuous fluidic
geometries and present numerical solutions visualizing
these geometries to resolve the paradoxes of wave-particle
duality and topological phase shifts.

* h3gm.org@gmail.com; Interactive 3D mathematical proofs and
theoretical visualizations are available at: https://www.h3qm.
org

II. MATHEMATICAL FORMALISM: THE 3D
HELICAL OPERATION FIELD

To move beyond analogical arguments, we must con-
struct a rigorous mapping between the standard complex
scalar field and the proposed 3D physical geometry.

A. Formal Definition of the Operation Field

We define the spatial state of a quantum system as a
continuous 3D helical operation field tuple:

OH:(pﬂS7n7el7e27X7RHaﬂH) (1)

Where p is the probability density, S is the standard
action phase, n is the mean propagation vector, (e, es)
forms the transverse geometric frame, x is an internal
helical phase, Ry is the physical helical radius, and Qg
is the internal rotational frequency.

The standard Schrédinger wavefunction is recovered
via a strict measurement-context projection operator
1_[obs:

Y1) = Mops(Or) = /p(x, 1) S0/ (2)
This operator isolates the core scalar components, con-

firming that the standard theory is a dimensionally re-
duced subset of H3QM.

B. The Curl-Lift Continuity Theorem

A primary objection to adding 3D structure to quan-
tum flow is the potential violation of the Born probability
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rule. The standard Madelung representation yields a ve-

locity v = L (VS — gA) and probability current j = pv,

m
satisfying the continuity equation:

In H3QM, the full 3D geometric flow contains an inter-
nal circulation potential Cgy. The conservative curl-lift
current is defined as:

ju=j+V xCygy (4)

Theorem (Curl-Lift Continuity): Taking the diver-
gence of the helical current yields:

Vju=V-j+V-(VxCx)=V-j (5)

Substituting this into the standard evolution equation
proves that:

Conclusion: The introduction of 3D internal helical cir-
culation (V x Cpy) preserves standard probability density
evolution perfectly. H3QM guarantees exactly the same
macroscopic measurement statistics as traditional quan-
tum mechanics.

C. Geometric Reconstruction of the Pauli Spin
Current

To demonstrate that internal curl-flows are not ad-hoc
additions but are inherently demanded by quantum me-
chanics, we examine the Pauli current for a spinor .
The standard current is jp = Jjtrans + jspin, Where the
translational component iS jirqns = ﬁ[dﬂﬂ'@/)-‘r (map)Tap],
and the spin/magnetization current is:

h

Notice that jgpin is strictly a curl term. Therefore, the
mysterious “intrinsic spin” of the electron—often dis-
missed as an algebraic abstraction without a classical
analog—is mathematically identical to the internal he-
lical circulation proposed by H3QM.

III. NUMERICAL SOLUTIONS AND
VISUALIZATION

Having established the mathematical safety of the
H3QM formalism, we present three numerical solutions.
These are exact computational fluid dynamic plots of
the Op field equations, providing direct geometric res-
olutions to quantum paradoxes.

A. Projection Equivalence

Figure [I] plots a numerical solution of a Gaussian
wavepacket modeled as a 3D helical ribbon in H3QM.
When this 3D object is geometrically projected onto a 2D
scalar observation plane, its shadow perfectly reproduces
the oscillating real part of the Schrédinger wavefunction.

Figure 1: Projection Equivalence of H3QM
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FIG. 1. Projection Equivalence of H3QM. The 3D helical
field (blue) naturally projects into the standard 1D /2D scalar
wave shadow (gray dashed).

B. Resolving Wave-Particle Duality

In traditional interpretation, double-slit ”dark fringes”
imply the probability of a particle’s existence cancels to
zero. In Figure [2] we plot the combined 3D fluidic flow
field jg of two interfering helical sources. The stream-
plot reveals that dark fringes are not ”empty space,” but
topological vortices (singularities) where the geometric
stream lines twist into knots.

C. Resolving Geometric Phase

The Aharonov-Bohm (AB) effect states that an elec-
tron passing through a non-zero vector potential (A # 0)
acquires a topological phase shift. Figure [3| resolves this
paradox. We simulate two 3D helical ribbons. The upper
ribbon passes through A, which acts as a physical geo-
metric torsion force. It exerts torque on the transverse
frame (eq,ez). The 2D observation plane only detects a



2gigure 2: Topological Vortices in H3QM Double-Slit Interference
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FIG. 2. Topological Vortices in H3QM Double-Slit Interfer-
ence. The streamplot reveals that interference dark fringes
are locations of fluidic geometric torsion.

scalar ”phase shift,” but the 3D reality is a literal physi-
cal twisting of the spatial structure.

Figure 3: Aharonov-Bohm Effect as Geometric Torsion
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FIG. 3. Aharonov-Bohm Effect as Geometric Torsion. The
vector potential physically twists the 3D helical ribbon (cyan),
resulting in the standard phase shift shadow on the 2D pro-
jection (dashed black).

IV. TOPOLOGICAL STATE TRANSITIONS
AND THE CRITIQUE OF LINEAR
FRAGMENTATION

A. The Fragmentation of Western Linear Logic

Traditional particle physics, spanning from the Stan-
dard Model to String Theory, historically employs a re-
ductionist logic that conceptually fragments the universe.
This approach categorizes reality much like the branch-
ing of a tree: fermions and bosons, quarks and leptons,
each treated as discrete, independent leaves. Even String
Theory often models particles as disconnected strings vi-
brating independently. H3QM posits a radically holistic,
geometric view: the universe is a single, continuous, 3D
fluid of helical energy. In this framework, ”particles”
are not separate entities but distinct topological states—
vortices, waves, and knots—of the exact same underlying
helical flow.

B. The Unified Entity: Electron and Photon

Under H3QM, the electron and the photon are not dis-
tinct fundamental particles that ”emit” or ”absorb” one
another. They are the exact same physical entity transi-
tioning between two geometric states. The electron state
is a closed, localized topological vortex. The rest mass
me. is defined by the internal helical circulation frequency
we, such that energy is trapped in a closed loop:

B, = mec® = hw, (8)

The photon state is the ”unrolled” topological state, a
propagating open helical wave traveling at the speed of
light ¢. Without the closed-loop containment, it pos-
sesses no rest mass, only kinetic frequency:

Ey = hw, 9)

In phenomena like Compton scattering, a collision event
deforms the closed topological knot. The knot ”un-
spools” a fraction of its angular momentum, which un-
furls into an open traveling helix (the photon). The tran-
sition operator Tunron maps the loss of localized circula-
tion into linear propagating helicity.

C. Geometric Proof: Electron-Positron
Annihilation

This unified topological view provides a rigorous ge-
ometric mechanism for mass-energy equivalence (E =
mc?), particularly in pair annihilation (e~ +et — 27). In
H3QM, the electron is modeled as a left-handed closed
helical knot, while the positron is its exact antimatter
counterpart, a right-handed closed helical knot. When
these two opposing topological structures collide, their



opposite chiralities perfectly cancel. The trapped circu-
lation w, is instantly released, and the topological con-
tainment collapses. The previously localized mass-energy
unspools entirely into two pure, open propagating helices
(photons) flying in opposite directions:

Annihilation

Knoty, + Knotg Helixopen,1 + HelixXgpen, 2
(10)
This demonstrates that mass-to-energy conversion is
purely a geometric phase transition from a closed topol-
ogy to an open one, validating the holistic unity of matter

and light.

V. DISCUSSION AND CONCLUSION

By elevating the quantum wavefunction back into a 3D
helical spatial geometry and establishing the formal Curl-
Lift Continuity Theorem, we have shown that quantum
paradoxes are strictly artifacts of dimensional reduction.
The shadows computed by 2D scalar quantum mechanics
are perfectly accurate. The H3QM formalism provides a
mathematically rigorous, unified framework. It paves the
way for understanding quantum mechanics not as a set
of counter-intuitive probabilistic postulates, but as the
deterministic differential geometry of 3D helical fluid dy-
namics, opening new, intuitive pathways for its eventual
unification with General Relativity.
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