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Section 4. Curvature Evolution Equations 

 

Section 3 introduced the collapse wave equation as the dynamical law for configuration evolution. 
However, collapse motion alone does not determine how the universe transforms. Curvature itself must 
also evolve. Geometry cannot merely guide dynamics; it must respond to dynamics, reshape itself, 
store its deformation history, and redistribute structure across the entropic manifold. 

Section 4 formalizes the dynamical evolution of curvature. It describes how the stability metric 
changes, how entanglement redistributes curvature nonlocally, how fixed-point regimes arise in 
curvature space, and how large-scale oscillatory breathing cycles can emerge from the feedback 
between Ricci smoothing and entanglement-driven reconstruction. 

This is the point where CUWF geometry becomes alive. 

This section will: 

establish a modified Ricci-flow PDE for the stability metric; 
introduce entanglement-driven redistribution of curvature; 
analyze stability and fixed-point formation in curvature space; 
show how large-scale oscillatory, or breathing, curvature cycles emerge. 
 

4.1 Modified Ricci Flow PDE 

In classical differential geometry, Ricci flow has the familiar form: 

∂τ gᵢⱼ = −2 Rᵢⱼ 

This equation gradually smooths curvature toward uniformity. In CUWF, however, the metric of 
evolution is not an externally assumed spacetime metric gᵢⱼ. It is the stability tensor Tᵢⱼ, derived from 
the Hessian structure of the entropic potential. Curvature evolution must therefore be written in terms of 
T rather than as an independent background geometry. 
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We therefore generalize Ricci flow to: 

∂τ Tᵢⱼ = −2 Rᵢⱼ + Φᵢⱼ(T, Ξ, ∇Ξ, ∇T, …) 

where: 

−2Rᵢⱼ remains the classical smoothing component; 

Φᵢⱼ is a correction term driven by entanglement structure, stability gradients, and nonlocal transport. 
Term Role 
−2Rᵢⱼ Smooths curvature locally, as in classical Ricci flow. 

Φᵢⱼ 
Transports, concentrates, shields, or redistributes curvature nonlocally 
through entanglement. 

 

If Φ = 0, CUWF curvature behaves like a local geometric smoothing process. With Φ ≠ 0, geometry 
becomes nonlocal, adaptive, and self-organizing. The manifold no longer merely relaxes toward 
uniformity; it can preserve sharp structures, reinforce basins, maintain throats, or redistribute curvature 
through entanglement-supported pathways. 

 

4.2 Entanglement-Driven Curvature Redistribution 

The Φ-term encodes the key CUWF departure from classical geometry. Curvature does not evolve 

only through local diffusion. It spreads, focuses, and reshapes according to the entanglement field Ξᵢⱼ. 

The consequences are direct: 

long-range curvature transfer becomes possible when regions are strongly entangled even if they are 
distant in metric separation; 

curvature from one sector can be transported into another sector; 
wormhole throats can persist despite smoothing forces; 
basin formation can be reinforced remotely through entanglement-supported curvature focusing. 



                Paper C-6: PDE Dynamics of the Entropic Manifold                  www.cuwfcosmos.com 
 

  

© 2025 CHAYUT TECHASAMRAN 27 

 

Strong Ξ can amplify curvature density, producing deep basins and stable attractors. Conversely, 
regions embedded in strong entanglement may resist smoothing collapse, preserving sharp geometric 
features that ordinary Ricci flow would otherwise flatten. 

Symbolically, the redistribution term may be represented as: 

Φᵢⱼ ∼ Aᵢⱼᵏˡ(Ξ, ∇Ξ) Rₖˡ + nonlinear advection / shielding terms 

This expression is not meant as a final unique closure law, but as the structural form of the CUWF 

correction: curvature is transported through a coupling functional controlled by Ξ and its gradients. 

The interpretation is compact: Ricci flow wants to flatten geometry; entanglement decides where 
geometry remains sharp. 

This duality is the engine of structure formation in CUWF. Pure smoothing would erase complexity. 
Entanglement-guided redistribution preserves, relocates, and intensifies the curvature features 
required for basin formation, topology change, and nonlocal transition. 

 

4.3 Stability of Curvature Fields (Fixed-Point Maps) 

To analyze curvature evolution as a dynamical system, define the combined geometric state: 

Y = (Tᵢⱼ, Ξᵢⱼ) 

with evolution: 

∂τY = H(Y) 

A fixed point Y* satisfies: 

H(Y*) = 0 

This implies that curvature no longer evolves, entanglement connections become steady, and topology 
stabilizes into a persistent configuration. Fixed points therefore classify the large-scale regimes of the 
CUWF manifold. 
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Type of Fixed Point Behaviour Interpretation 

Stable attractor Perturbations decay. 
Classical-like epoch or strong basin 
formation. 

Unstable repeller Small perturbations grow. 
Epoch transition, symmetry breaking, or 
bifurcation onset. 

Limit cycle 
Curvature oscillates 
periodically. 

Breathing-universe behaviour. 

 

Stability is determined by the Jacobian eigenvalues of H(Y): 

Eigenvalues Result 
Re(λ) < 0 Stable attractor. 

Re(λ) > 0 Unstable or bifurcation-active regime. 

Im(λ) ≠ 0 Oscillatory curvature state. 

 

The third category is foundational for C-6. It allows curvature not merely to settle into equilibrium, but to 
enter repeating cycles. These cycles later become the mathematical basis for epoch-scale curvature 
breathing. 

 

4.4 Epoch-Scale Curvature Breathing Patterns 

Under competing influences, the manifold may enter a self-sustaining oscillation loop. Ricci smoothing 
pulls curvature downward, while entanglement feedback rebuilds curvature upward. The resulting 
cycle can be written conceptually as: 

focusing → stabilization → softening → expansion → repeat 

Let C(τ) be a coarse curvature order parameter, such as mean scalar curvature. A simple 
phenomenological form is: 

∂τC = −aC + b f(Ξ, E, …) 
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where: 

−aC drives curvature toward flatness; 

b f(Ξ, E, …) replenishes curvature from entanglement and entropic gradients. 
When these terms balance nonlinearly, the system can produce limit cycles, oscillatory curvature 
regimes, and breathing epochs. In CUWF cosmology, such breathing does not require an externally 
imposed cosmic clock. It arises from the feedback between smoothing, entanglement reconstruction, 
and basin formation. 

 

Breathing Phase Curvature Physical Regime 

Focus phase (inhale) R ↑ 
Classical stability, basin fixation, and reduced 
branching. 

Expansion phase (exhale) R ↓ or fluctuating 
Quantum-like branching, wormholes, and 
bifurcations. 

 

Curvature breathing explains why the universe may alternate between classical stability and quantum 
freedom, why physical laws may appear fixed in some epochs but fluid in others, and how multi-epoch 
cosmology can emerge naturally from geometry itself. 

 

Section 4 Summary 

Section 4 establishes dynamic curvature evolution as the engine of structural change in CUWF: 

A modified Ricci-flow PDE governs the evolution of the stability metric. 
The entanglement field redistributes curvature nonlocally. 
Stability analysis identifies fixed points, attractor geometries, repellers, and oscillatory curvature states. 
Nonlinear feedback produces cosmic breathing cycles across epochs. 
Curvature is therefore not a static background. It is the evolving memory-field of the universe: a record 
of previous collapse, a guide for present motion, and a generator of future topology. 
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Section 5 will use this curvature evolution framework to define explicit PDE conditions for topology 
change: basin birth, soft-mode bifurcation, conifold pinch formation, wormhole transfer, and boundary-
conservation structure. 

  


