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LEVEL 2 — Geometry and Curvature Mathematics

Level 2 introduces the geometric language required for CUWF: manifolds, coordinates, metrics, line
elements, connections, geodesics, curvature tensors, Ricci quantities, covariant derivatives, Ricci flow,
and entropic geometry. Level 0 and Level 1 introduced the basic tools of functions, derivatives,
operators, functionals, stability, and matrix representations. Level 2 now places these tools on curved
spaces, where CUWF collapse, curvature, entropic drift, and geometry response can be described

consistently.

Notation convention. In this handbook, ( denotes the full CUWF state, usually written as Q1) = {X(T),
g(T), =_eff(T), N_eff(T)}. W(x,T) is used as a field-level or pedagogical representation of the collapse-
wave component inside Q. Geometry may be written using ordinary metric notation g_ij, while CUWF
entropic geometry is written as g_ij~ (E), ds_E?, [ ~(E), R_ij*(E), and .'RA(E). The official full-system law
remains dQ/dT = —V_TG[Q], while field-level examples may use Vot =—6c0OW.

Level 2 Overview

Topic Purpose CUWEF Use

Manifolds

Define curved spaces that look

locally flat

Provide the geometric arena for

collapse and entropic flow

Coordinates and charts

Describe regions of a manifold

using local maps

Allow local collapse and
curvature equations to be

written

Metric tensor g_ij

Defines distance, angle, and

accessibility

Becomes the entropic metric

g_ij*(E) in CUWF

Christoffel symbols and

geodesics

Describe transport and natural

paths

Model collapse trajectories

through entropic geometry
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Topic

Purpose

CUWEF Use

Curvature tensors

Measure how geometry bends

Represent collapse-induced

and entropy-induced curvature

Ricci tensor and scalar

Summarize curvature into

lower-rank objects

Feed curvature flow and

generator terms

Covariant derivatives

Differentiate fields consistently

on curved space

Write CUWF equations on

entropic manifolds

Ricci flow and entropic

geometry

Evolve geometry under

curvature

Describe geometry relaxation

after collapse

2.1 Manifolds: Curved Space
What it is

A manifold is a mathematical space that looks flat when examined locally but may be curved, bent,

connected, or twisted globally. The surface of the Earth is the standard intuition: a small patch appears

flat, while the whole surface is curved.

Why it matters in CUWF

CUWEF requires manifolds because collapse, curvature, entropy flow, and entanglement geometry

cannot always be represented on a simple flat background. The entropic manifold is the space on

which collapse structures, drift fields, metric response, and curvature evolution are organized.

Example equations

Standard example: A sphere can be treated as a two-dimensional manifold embedded in three-

dimensional space.

CUWF example: The entropic manifold M ~E is the manifold whose geometry is shaped by entropy,

collapse, and correlation structure.

Interpretation

A manifold is not merely a coordinate grid. It is the underlying geometric object on which coordinate

descriptions are placed.
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2.2 Coordinates and Charts
What it is

Coordinates assign numerical labels to points on a manifold. A chart maps a local region of the
manifold into ordinary coordinate space. Because a curved manifold may not be describable by one

global coordinate system, several overlapping charts may be required.

Why it matters in CUWF
In CUWF, different collapse regions may be easier to describe using different coordinates. A nearly flat
basin may use Cartesian-like coordinates, while a collapse funnel or node may use radial, angular, or

entropic coordinates aligned with Vsore.

Example equations

Cartesian coordinates: X, vy, z
Spherical coordinates: x =r sin@ oos(l), y=r sin@ sinCI), z=rcosO

CUWEF entropic coordinates: (E, N) may be chosen to align with entropy-gradient directions.

Interpretation
Coordinates are descriptions, not the geometry itself. CUWF equations should be interpreted as

coordinate-independent whenever possible.

2.3 Metric Tensor g_ij
What it is

The metric tensor g_ij defines lengths, angles, volumes, and geometric accessibility on a manifold. In
flat space the distance rule is simple, but on a curved manifold the metric controls how small

coordinate displacements translate into actual distance.
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Why it matters in CUWF
In CUWF, the metric may be an entropic metric g_ij~(E), meaning that geometry is shaped by entropy
distribution, collapse density, correlation structure, or effective degree-of-freedom organization. This

metric becomes part of Q) rather than a passive background.

Example equations

Flat line element: ds? = dx? + dy? + dz?
Curved line element; ds? = g_ij dx™i dx”]
Entropic metric: ds_E2 = g_ij~(E)(x,T) dx”i dx”j

Interpretation
The metric tells the theory what counts as near, far, easy, difficult, straight, curved, compressed, or

stretched.

2.4 Line Element ds?
What it is
The line element ds? is the infinitesimal distance formula induced by the metric. Integrating ds along a

path gives the length of that path.

Why it matters in CUWF
CUWF may use an entropic line element ds_E? to measure collapse distance or entropic cost. Two
points that are close in ordinary coordinates may be far in entropic geometry if the entropy, collapse

barrier, or correlation structure between them is large.

Example equations

Standard line element: ds® = g_ij dx™i dx”j
Sphere example: ds? = R2(dO2 + sin20 d¢2)

Entropy-weighted example: ds_E? = w(S(x)) g_ij dx”™i dx*j
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Interpretation
The line element is the smallest unit of geometric distance. In CUWF it may also represent the smallest

unit of entropic or collapse-resistance distance.

2.5 Christoffel Symbols I’
What it is

Christoffel symbols [ "k_ij describe how coordinate directions change as one moves across a curved
manifold. They are not tensors, but they are required for covariant derivatives, geodesic equations, and

curvature tensors.

Why it matters in CUWF
In CUWF entropic geometry, ['~(E) tells how collapse directions, drift vectors, or mode trajectories
bend because the entropic metric is not flat. If g_ij~ (E) changes from point to point, then collapse

directions must be transported using the connection.

Example equations

Standard definition: [~k_ij = 1/2 gMk€}(0_i g {£j} + 0_j g_{fi} — 0_L g_{i})
Entropic connection: [ “k_ij"(E) is computed from g_ij (E).

Interpretation
Christoffel symbols encode the local correction needed when comparing directions on a curved

surface.

2.6 Geodesics
What it is

Geodesics are the straightest available paths on a curved manifold. On a flat plane they are straight

lines; on a sphere they are great circles.
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Why it matters in CUWF
In CUWF, geodesics can represent preferred collapse trajectories, entropy-flow paths, or effective
motion in entropic geometry. A collapse packet follows the path of least entropic resistance when no

additional forcing dominates.

Example equations

Geodesic equation: d2x~k/dA2 + [k_ij (dx*i/dA\)(dx"j/dA) = 0
CUWEF interpretation: Geodesic-like collapse paths minimize entropic geometric resistance.

Interpretation

A geodesic is not necessarily visually straight in a coordinate map. It is straight with respect to the

metric.

2.7 Curvature Tensor R_ijkl

What it is

The curvature tensor measures the full curvature of a manifold. It tells how vectors change after being
transported around a small closed loop. If the tensor vanishes, the region is flat; if it is nonzero, the

region has curvature.

Why it matters in CUWF
In CUWF, the entropic curvature tensor R_ijkl~ (E) describes how entropic geometry is deformed by
collapse, entropy gradients, and correlation structure. It is the detailed geometric object from which

Ricci quantities and curvature flow are derived.

Example equations
Symbolic curvature structure: R*i_{jkI} = @_k M i_{j} — 0_1 T~ {kj} + T~ {kmM ~m_{lj} —
[~ {Im3l~m_{kj}

CUWEF curvature tensor: R™i_{ jkI}"(E) is built from [~ (E), which is built from g™ (E).

]
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Interpretation
The curvature tensor is the most detailed local measurement of geometric bending, twisting, and

shearing.

2.8 Ricci Tensor R_ijj
What it is

The Ricci tensor is a contraction of the full curvature tensor. It compresses curvature information into a

two-index object that measures how small volumes tend to expand, contract, or distort.

Why it matters in CUWF
In CUWF, R_ij*(E) can describe how entropy distribution or collapse density produces directional
compression or expansion in entropic geometry. It is also the natural object used in Ricci-flow-like

geometry evolution.

Example equations

Contraction: R_ij = R*k_{ ikj}
CUWF analogue: R_ij~(E) is the entropic Ricci tensor derived from g_ij" (E).
Possible entropic field structure: R_ij"~(E) — 1/2 g_ij"(E) RE) = T_ij* (entropy, collapse)

Interpretation
The Ricci tensor is less detailed than the full curvature tensor but more directly useful for geometry flow

and gravitational analogues.

2.9 Ricci Scalar .'R
What it is

The Ricci scalar is the contraction of the Ricci tensor into a single scalar curvature value. It summarizes

the overall local curvature at a point.
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Why it matters in CUWF
CUWF uses \'RA(E) as a scalar indicator of entropic curvature. It can contribute to the generator G[Q],
appear in stability criteria, and help identify curvature spikes, collapse funnels, or near-singular

regions.

Example equations

Ricci scalar: R = g~ {ij} R_ij
Entropic Ricci scalar: R™(E) = g_E{ij} R_ij"(E)
Generator contribution: C[g] may contain terms involving f R~E)dV_E orf |RA(E)|2 dV_E.

Interpretation
The Ricci scalar is a compact curvature diagnostic. It is useful but should not replace the tensorial

information when directional effects matter.

2.10 Covariant Derivatives
What it is

The covariant derivative is the derivative adapted to curved geometry. Ordinary partial derivatives do

not account for changing coordinate axes; covariant derivatives correct for this using the connection I

Why it matters in CUWF
CUWEF equations on entropic geometry require covariant derivatives whenever vectors, tensors,
curvature, or fluxes are compared across points. Entropic conservation, drift transport, curvature flow,

and geodesic evolution all require geometry-aware differentiation.

Example equations

Scalar field: V_i d) =0_ d)
Vector field: V_iv~j = 0_iv~j + [ {ik} v~k
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Entropic conservation example: V_i*(E) J_E"i = 0

Interpretation

Covariant derivatives allow CUWF to write equations that do not depend merely on the chosen

coordinate map.

2.11 Ricci Flow
What it is
Ricci flow is an equation that evolves the metric according to curvature. It smooths high-curvature

regions and changes the shape of the manifold over a flow parameter.

Why it matters in CUWF
In CUWF, Ricci-flow-like equations describe how entropic geometry relaxes after collapse events. The
geometry is not static; it can respond to entropy, collapse, curvature, and correlation. This prepares

the way for later curvature mechanics and computational geometry levels.

Example equations

Classical Ricci flow: dg_ij/0T = —2R_jj
Entropic Ricci flow: ag_ijA(E)/aT = —2R_ij*(E) + source_from_collapse + source_from_=_eff
Full-system relation: geometry update is one component of d€)/dT = —V_Faci()

Interpretation

Ricci flow is best understood as geometry changing in response to its own curvature. CUWF adds

entropy, collapse, and correlation sources.

2.12 Entropic Geometry Concept
What it is

Entropic geometry is the CUWF-specific idea that geometry is shaped by entropy distribution, collapse
structure, correlation geometry, and active degrees of freedom rather than by mass-energy alone.
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Why it matters in CUWF

This concept links collapse, gravity-like curvature, information, and nonlocal correlation into one
geometric language. Entropic geometry is the foundation for later CUWF levels involving AE €, fR_E,

=_eff, R(N_eff), and the generator functional G[Q)].

Example equations

Entropic metric: ds_E2 = g_ij~(E)(x,T) dx”i dx"j
Entropic field equation example: R_ij"(E) — 1/2 g_ij~(E) RAE) = T_ij*(entropy, collapse, correlation)
Entropic geometry inside Q: Q(T) = {X(T), g(T), =_eff(T), N_eff(T)}

Interpretation
Entropic geometry should be read as a proposed CUWF extension built on standard differential

geometry, not as a standard textbook object.

2.13 Summary of Level 2 Tools
What it is

Level 2 establishes the geometric vocabulary required for the rest of the CUWF mathematical
handbook. The key objects are manifolds, coordinates, metrics, line elements, connections, geodesics,

curvature tensors, Ricci quantities, covariant derivatives, Ricci flow, and entropic geometry.

Why it matters in CUWF
These tools prepare the reader for Level 3, where physics mathematical frameworks are introduced,
and Level 4, where CUWF-specific machinery begins. Without Level 2, later objects such as g_ij" (E),

A_E, fR_E, curvature flow, collapse geodesics, and geometry response would be difficult to interpret.

Example equations

Official full-system law: dQ)/dT = —V _FarQ
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Stable full-system condition: V FcQi=0
Field-level pedagogical form: dW/0T = —0G/6W
Entropic geometry notation: g_ij" (E), [ *(E), R_ij"(E), R~E), ds_E?

Interpretation
Level 2 turns CUWF from a field-only language into a field-plus-geometry language. This is essential

because CUWF treats geometry as part of the evolving state, not as an external stage.

Level 2 Practical Cautions

Do not treat coordinates as the geometry itself. Coordinates describe a region; the metric, connection,
and curvature define the geometry.

Do not confuse ordinary geometry with entropic geometry. Standard geometry uses g_ij; CUWF
entropic geometry uses g_ij"(E), [ ~(E), R_ij*(E), and R~ (E) when entropy and collapse structure
define the metric response.

Do not treat Ricci flow as the whole CUWF geometry equation. Ricci flow is the geometric core, but
CUWF may add collapse, entanglement, and degree-of-freedom source terms.

Do not collapse Q into W. W is a field-level representation; () contains geometry and degree-of-

freedom structure as well.
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