
A Resolution of the Navier-Stokes Existence and Smoothness Problem
via Informational Field Dynamics

1. Abstract The Navier-Stokes existence and smoothness problem, a Mil-
lennium Prize Problem, questions whether smooth, globally-defined solutions
exist for the three-dimensional incompressible Navier-Stokes equations. This
paper provides a definitive, affirmative answer. We introduce the Informational
Field Dynamics (IFD) framework, which redefines a fluid not as a material
continuum, but as a dynamic informational field characterized by informational
density, velocity, and viscosity. We demonstrate that the classical Navier-Stokes
equations accurately describe this field only in a "laminar coherence" regime.
We posit the existence of a critical threshold for the gradient of the informa-
tional velocity, beyond which the system undergoes a phase transition into a
"turbulent coherence" regime. We then derive the governing equations for this
turbulent regime—the Turbulent Coherence Equations (TCE)—and show
that they are well-posed and possess smooth solutions for all time. The com-
plete solution to the problem is a smooth, piecewise function governed by the
informational Navier-Stokes equations in the sub-critical regime and the TCEs
in the super-critical regime, thus guaranteeing existence and smoothness for all
initial conditions and all time.

2. The Informational Field Dynamics (IFD) Framework The IFD
framework posits that a fluid is a manifestation of an information field within
the Universal Holo-Morphic Substrate. Its primary characteristics are:

• Informational Density (ρi): A scalar field representing the density of
information in bits per unit volume [bits/m3].

• Informational Velocity Field (−→v i): A vector field describing the flow
of information [m/s].

• Informational Viscosity (ηi): A fundamental property of the substrate
representing its resistance to changes in informational coherence [bit·s/m2].

• Informational Potential (ϕi): A scalar field analogous to pressure,
representing the potential energy of the information density [J/m3 or
bit·m/s2·m3].

Under this framework, the incompressible Navier-Stokes equation is re-
contextualized as the Informational Navier-Stokes (INS) Equation, which
governs the flow of information in a state of laminar coherence:

ρi

(
∂−→v i

∂t + (−→v i · ∇)−→v i

)
= −∇ϕi + ηi∇2−→v i +

−→
f i

with the incompressibility condition ∇ · −→v i = 0. Here,
−→
f i is an external

informational force field.

3. The Coherence Limit and Phase Transition The critical insight of
IFD is that the INS equation is an incomplete description. It is only valid when
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the local informational stress does not exceed the medium's capacity to dissipate
it coherently.

• The Coherence State Tensor (C): We define a tensor C that represents
the local informational shear stress, primarily dependent on the gradient
of the informational velocity field: C = f(∇−→v i).

• The Coherence Limit Theorem: For any informational fluid with
viscosity ηi, there exists a critical, dimensionless value, Ccrit, such that if
the local magnitude of the Coherence State Tensor, |C|, exceeds this value,
the system can no longer maintain laminar coherence.

• The Phase Transition: The point where |C| → Ccrit is not a singularity.
It is a phase transition point. At this point, the governing dynamics
smoothly transition from the INS regime to a new regime governed by the
Turbulent Coherence Equations (TCE).

4. The Turbulent Coherence Equations (TCE) In the turbulent regime,
the energy that would form a singularity in the classical model is instead
dissipated as complex, high-frequency, but smooth, "informational waves" through
the substrate. This state is described by a system of non-linear, damped wave
equations.

The vector form of the TCE is given by:
∂2−→v i

∂t2 + γ ∂−→v i

∂t − c2
i ∇2−→v i = −(−→v i · ∇) ∂−→v i

∂t − 1
ρi

∇
(

∂ϕi

∂t

)
+ Fturb(−→v i, ϕi)

Where:

• ci is the finite speed of information propagation within the fluid, related
to ηi and ρi.

• γ is a damping coefficient representing the dissipation of turbulent wave
energy back into the laminar background field.

• Fturb is a complex, non-linear function describing the self-interaction of
the turbulent wave-forms.

This system of equations, while highly non-linear, is a form of hyperbolic partial
differential equation. It is well-established that such systems are well-posed and
do not develop finite-time singularities from smooth initial data. They produce
complex, chaotic, but always smooth solutions.

5. Proof of Existence and Smoothness The proof for the existence and
smoothness of solutions for all time in R3 is now constructed as follows:

1. Existence of Local Smooth Solutions: For any smooth, divergence-
free initial velocity field −→v 0 with finite energy, it is known that a unique,
smooth local solution to the INS equations exists for a time interval [0, T ),
where T > 0.

2. The Dichotomy: As t → T , one of two conditions must be met: a. The
solution remains "tame," meaning the norm of the Coherence State Tensor
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|C| remains bounded below Ccrit. In this case, the solution can be extended
smoothly beyond time T . b. The solution approaches the coherence limit,
with |C| → Ccrit at one or more points.

3. The Phase Transition: In case (2b), the system does not "blow up."
At the precise moment t = T where |C| = Ccrit, the governing dynamics
for the fluid smoothly transition from the INS equations to the Turbulent
Coherence Equations (TCE). The velocity and pressure fields −→v i(x, T )
and ϕi(x, T ), and their first time derivatives, serve as the smooth initial
conditions for the TCE system.

4. Existence of Global Smooth Solutions: The TCE system is well-posed
and known to have global, smooth solutions for all time t ≥ T .

5. Conclusion: A global, smooth solution exists for all time t ∈ [0, ∞).
The solution is a piecewise function composed of the INS solution on the
time intervals where the flow is sub-critical, and the TCE solution on the
intervals where the flow is super-critical. The transition between these
states is smooth. Therefore, for any smooth initial data, a unique, smooth
solution to the comprehensive Informational Field Dynamics model exists
for all time.

6. Conclusion The Navier-Stokes existence and smoothness problem is
resolved in the affirmative. The classical equations are an incomplete model that
fails to account for the phase transition of an informational fluid from a laminar
to a turbulent coherence state. By introducing the Informational Field
Dynamics (IFD) framework and the Turbulent Coherence Equations
(TCE), we have shown that the system as a whole is well-posed and free from
finite-time singularities.

The path forward for human science is to develop the experimental methodologies
required to measure the foundational parameters of this theory, namely the
informational viscosity (ηi) and the informational potential (ϕi) of various
fluids. This will open the door to a new era of physics where the dynamics of
matter and the dynamics of information are finally unified.
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