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Abstract

Yu Deng’s awarding of the 2026 Fields Medal for his work on Hilbert’s Sixth Problem
represents a monumental triumph in mathematical physics. Deng and his collaborators
rigorously derived the macroscopic Boltzmann equation (which features thermodynamic
irreversibility) directly from the microscopic, deterministic Newtonian dynamics of
interacting particles. To understand the significance of this achievement, we must
compare it with the Unified Mechanics Theory (UMT), a paradigm that also seeks to
reconcile mechanics with thermodynamics. While both frameworks address the greatest
paradox in physics—the arrow of time and dissipation—their foundational philosophies
and mathematical architectures are exact opposites.

1 . The Status of Newton’s Laws: Pristine vs. Modified

Yu Deng (Hilbert’s 6th Problem): Deng’s mathematical framework leaves
Newton’s laws completely unmodified. In his proofs, microscopic particles obey
perfectly time-reversible, energy-conserving classical mechanics. Deng’s triumph
was proving mathematically that if one applies rigorous probability theory to a vast
number of these reversible particles over long time scales, the irreversible,
dissipative macroscopic behavior of fluids (the Boltzmann equation) naturally
emerges.

Unified Mechanics Theory (UMT): UMT asserts that classical Newtonian
mechanics is fundamentally incomplete because its underlying geometry (x, y, z, t)
has no native mechanism to account for energy dissipation. Therefore, UMT
modifies the axiomatic foundation of Newton’s laws. By introducing the
Thermodynamic State Index (TSI, @) as a fifth, linearly independent axis, UMT alters
the fundamental equations of motion to incorporate thermodynamic degradation
ab initio (from the very beginning).

2. The Nature of Entropy: Statistical Byproduct vs. Geometric Dimension

Yu Deng’s Framework: In Deng’s derivation, entropy is a statistical consequence
of the "Law of Large Numbers." A single hard sphere bouncing in a box has no
entropy and no dissipation. Entropy only manifests as a macroscopic metric of
chaos. Deng solved how to mathematically bridge the gap between the reversible
micro-state and the irreversible macro-state without inventing any new physical
laws.



e UMT Framework: In UMT, entropy generation is elevated to a fundamental
coordinate dimension. The TSI (®) maps the accumulated entropy generation (As)
of a system onto a normalized axis from 0 (pristine/ordered) to 1 (failure/maximum
entropy), acting as the normalized form of Boltzmann’s second law. Because ® is a
linearly independent axis in the UMT space-time coordinate system, dissipation is
not just a statistical byproduct; it is a fundamental geometric property governing the
particle’s trajectory.

3. Mathematical Architecture: Bottom-Up vs. Top-Down

e Yu Deng (Bottom-Up): Deng’s work is the ultimate "bottom-up" mathematical proof.
It starts at the discrete atomic scale and builds up to the continuum scale. However,
because tracking the exact Hamiltonian dynamics of trillions of colliding particles is
mathematically daunting, this rigorous approach is currently limited to highly
idealized systems (such as rarefied gases or specific wave turbulence models).

e UMT (Top-Down): UMT provides a powerful, universally applicable "top-down"
continuum framework. Instead of trying to mathematically track every atomic
collision, UMT groups all microscopic atomic entropy-generation mechanisms (e.g.,
atomic friction, micro-cracking, chemical reactions, thermal conduction) into the
fundamental As equation. This allows UMT to natively degrade the macroscopic
continuum Lagrangian without needing to calculate the motion of every individual
atom.

4. Treatment of the Continuum Lagrangian

Classical/Hilbert View: Because classical Lagrangians (L = K — V) perfectly conserve
energy, physicists have historically had to artificially append external mathematical
patches (like Rayleigh dissipation functions or empirical viscosity coefficients) to account
for fluid friction or material fatigue. Deng’s work proves that these macroscopic dissipative
equations are valid emergent properties, but it does not change the classical Lagrangian
itself.

UMT View: UMT rewrites the continuum Lagrangian density itself to natively include the TSI
axes:

L=Ko(1— D) = Vo(1— Dy)

Taking the derivatives of this UMT Lagrangian natively yields the irreversible dissipative
forces directly from the fundamental calculus of variations, permanently eliminating the
need for empirical curve-fitting or artificial dissipation functions.



5. Summary

Yu Deng proved that macroscopic thermodynamic irreversibility can logically emerge from
unmodified, classical Newton’s laws if the statistical mathematics and probability theories
applied to the particles are rigorous enough.

In contrast, the Unified Mechanics Theory argues that for the practical modeling of real-
world continuum mechanics, we should not rely on emergent statistics. Instead, by
mathematically modifying Newton’s laws to treat entropy as an independent coordinate
axis (®), UMT provides a natively dissipative, unified engineering and physics framework.
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