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LEVEL 1 — Intermediate Calculus and Linear Algebra

Level 1 builds the intermediate mathematical toolkit required to read the technical parts of CUWF.
Level O introduced the basic tools: variables, derivatives, gradients, divergence, curl, Laplacians,
matrices, and differential equations. Level 1 now organizes those tools into the structures used
repeatedly throughout the CUWF framework: multivariable fields, vector calculus, linear operators,
inner products, functionals, stability analysis, matrix discretization, differential equations, and boundary

conditions.

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 the full state. Therefore, the official full-system law is dQ/dt = —V_.'FG[Q],

while the simplified field-level form may be written as o¥/0t=—-06c0W. Stationary or attractor

conditions are written as V_TG[Q] = 0 at the full-system level, or OG/OW =0 at the field level.

Level 1 Overview

Topic

Purpose

CUWEF Use

Multivariable functions

Describe fields depending on

several variables

Represent W, entropy fields,
geometry fields, and collapse

maps

Vector calculus

Measure spatial change, flow,

and rotation

Describe entropic drift,
collapse convergence, and

vortical pre-collapse structure

Linear operators

Transform functions while

preserving linear structure

Analyze A_E, L_E,

eigenmodes, and perturbations

- ____________________________________________________________________________________________|
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Topic Purpose CUWEF Use
Inner products and norms Measure similarity, size, and Define mode overlap,
orthogonality correlation strength, and
Hilbert-like approximations
Functionals Assign scalar values to whole Define G[Q)], CD[X], Clg], and
functions variational dynamics
Stability and linearization Approximate dynamics near Classify stable, unstable, and
equilibrium marginal collapse modes
Matrix representations Discretize operators for Prepare numerical CUWF
computation solvers and spectral analysis
Differential equations and Define physical evolution under | Represent collapse PDEs,
boundaries constraints curvature flow, and simulation
conditions

1.1 Multivariable Functions

What it is

A multivariable function is a function whose output depends on more than one input variable. Instead
of describing a curve along one axis, it describes a field, surface, volume, or higher-dimensional
configuration. A function such as f(x,y,z,T) can change across space-like variables and across an

evolution parameter at the same time.

Why it matters in CUWF

CUWEF uses multivariable functions because collapse, entropy, curvature, and entanglement do not
occur along a single axis. The field-level object W1 may depend on spatial coordinates, entropic
coordinates, mode indices, or configuration variables. At the full level, Q(T) is a state composed of

multiple interacting fields rather than one scalar value.
Example equations

Standard example: f(x,y) = x2 + y?, 01/0x = 2x, af/ay =2y
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CUWF field example: W(x,y,T) = exp[—Ql(x?+y?)] cos(WT)

Interpretation
The value of W changes with both position and entropic evolution. This makes multivariable calculus

unavoidable in CUWF.

1.2 Vector Calculus Essentials
What it is

Vector calculus studies how scalar and vector fields change across space. The three basic tools are

gradient, divergence, and curl. Together they describe direction, accumulation, and rotation.

Why it matters in CUWF
In CUWF, vector calculus is used to describe entropy flow, collapse convergence, curvature transport,
and pre-collapse swirl. The gradient often identifies descent direction, divergence identifies sinks or

sources, and curl identifies rotational or trapped flow patterns.

Example equations

Gradient: Vf = (07/0x, 010y, 01/0z)
Divergence: VF-= aF_x/ax + aF_y/ay + aF_z/az
Curl: VxF = rotational content of the vector field F

CUWF drift: € = —Vs

Interpretation
fVe<o, entropic flow converges and may prepare a collapse region. If Vxgis large, the flow

contains vortical structure before stabilization.
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1.3 Linear Operators

What it is
A linear operator maps one function or vector into another while preserving addition and scalar

multiplication. If A is linear, then A(f+g)=Af+Ag and A(kf)=KkAf.

Why it matters in CUWF
CUWEF uses linear operators when studying local approximations, perturbations, eigenmodes, and
numerical discretizations. Operators such as the entropic Laplacian A_E and the stability operator L_E

may be treated linearly near selected backgrounds, even when the full CUWF dynamics are nonlinear.

Example equations

Linearity: A(OLf + Bg) = QLA(f) + BA(g)
Standard derivative operator: A[f] = df/dx

CUWEF stability operator: L_E[GUJ] = linearized response around W

Interpretation
Linearity is a tool for approximation and analysis. It should not be confused with the full nonlinear

CUWEF generator dynamics.

1.4 Inner Products and Norms

What it is
An inner product measures alignment or overlap between two vectors or functions. A norm measures
size or magnitude. Together they allow one to define distance, similarity, orthogonality, and

convergence.

Why it matters in CUWF
In CUWF, inner products and norms are useful for comparing collapse modes, measuring overlap

between field configurations, defining Hilbert-like approximations, and constructing spectral
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decompositions. They are especially important when Wis expanded into modes or when stability

eigenfunctions are compared.

Example equations

Finite-dimensional inner product: (u,v) =2 juivi
Norm: llvIl = sqrt({v,v))
Function inner product: (LIJ1,W2) = f Wi*(x) Wa(x) dx

Interpretation
A large inner product indicates strong alignment or coupling between configurations. A small inner

product indicates weak overlap or near-separation.

1.5 Differential Operators in Multiple Dimensions

What it is
Differential operators such as a/ax_i, V. Vz and A_E generalize rates of change to multidimensional

systems. They are the building blocks of partial differential equations.

Why it matters in CUWF

CUWEF uses multidimensional differential operators to define collapse smoothing, entropic drift,
curvature redistribution, and field-level evolution. In ordinary space one may use Vz, while in entropic

geometry the relevant operator is usually AE.

Example equations

Standard Laplacian: V?f = 02/0x2 + 0°1/0y? + 0*1/0 2
Entropic Laplacian: A_E f = entropic-geometry version of the Laplacian

Field-level CUWF form: dW/0T = —8c/6W
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Interpretation
The ordinary Laplacian measures neighborhood imbalance in flat geometry. The entropic Laplacian

measures the same idea on the CUWF entropic manifold.

1.6 Functional Concepts

What it is
A functional is a map that takes an entire function or field as input and returns a scalar value. Instead of

evaluating a number, it evaluates a whole configuration.

Why it matters in CUWF

CUWEF is fundamentally functional-based. The generator G evaluates the full state or field configuration
and determines its direction of evolution. At the full-system level G[Q] contains collapse, geometry,
entanglement, and degree-of-freedom structure. At the field level, one may write G[ W] for pedagogical

or reduced models.

Example equations

Example functional: G[X] = f |VX|2 dx
Functional derivative: 6G/OW
Full CUWF generator: c[Q1= DX + Clg] + =_eff + R(N_eff) + coupling terms

Interpretation

The functional derivative tells how the entire generator changes when the field is varied locally. This is

why 0G/OW appears in field-level CUWF dynamics.
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1.7 Stability and Linearization Concepts
What it is

Linearization approximates a nonlinear system near a reference state by keeping only first-order
perturbations. Stability analysis then determines whether those perturbations decay, grow, or remain

neutral.

Why it matters in CUWF

In CUWF, stability analysis explains why some collapse basins persist, why some modes trigger
branching, and why some configurations become attractors. Around a reference field Wg, write W =

Wo + OW and study the evolution of OW.

Example equations

Linearized ODE: dx/dT = A x

CUWF perturbation: ¥ = Wg + 8W

Linearized field-level dynamics: 0(OW)0T = L_E 6W
Eigenvalue test: L_Eu_n = Anun

Interpretation

If Re(}\_n)<0, the mode decays. If Re()\_n)>0, the mode grows and may drive collapse or instability. If

A_n=0, the mode is marginal or soft.

1.8 Matrix Forms of Operators
What it is

Continuous operators can be represented as matrices after discretizing the domain. This makes

computation, eigenvalue analysis, and numerical simulation possible.

]
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Why it matters in CUWF
In CUWF, A_E, L_E, curvature operators, and kernel interactions can all be approximated by matrices

on a grid or graph. This is essential for the numerical engine developed later in the handbook.

Example equations

Discrete Laplacian: (V2)_i = (f_{i+1} — 2f_i + f_{i—1}) / Dx?
Matrix eigenvalue problem: L_E u = Au
Numerical CUWF state: W(x i,T n) = W i*n

Interpretation
Matrix form converts abstract operators into computable objects. It is the bridge between formal CUWF

mathematics and simulation.

1.9 Differential Equations in Physics

What it is
Differential equations describe how quantities change. Ordinary differential equations involve one

independent variable, while partial differential equations involve several variables.

Why it matters in CUWF

CUWF dynamics are naturally written as differential equations because collapse, drift, curvature, and

entanglement evolve across both configuration space and entropic evolution T.

Example equations

Wave equation: 02u/0¢ = c*Vau
Diffusion equation: du/0t =DV
Full-system CUWF law: dQ/dT = —V_F Q)]

Field-level CUWF law: W/0T = —6c/6 W
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Interpretation
The full-system law governs Q). The field-level equation is a reduced representation used when

focusing on the collapse-wave component W

1.10 Boundary Conditions
What it is

Boundary conditions specify how a solution behaves at the edge of a domain. They make differential

equations physically meaningful and mathematically well-posed.

Why it matters in CUWF
CUWEF simulations require boundary conditions for collapse fields, entropy flow, curvature propagation,
and entanglement kernels. Without them, numerical solutions may become nonphysical, nonunique, or

unstable.

Example equations

Dirichlet condition: W = 0 on JD

Neumann condition: 0%/0n = 0 on @D

Absorbing condition: outgoing collapse or wave components leave the domain with minimal reflection
CUWEF collapse-node condition: W —00orW — W nodein deep-collapse regions

Interpretation
The appropriate boundary condition depends on whether the domain represents an isolated universe,

an open subsystem, a collapse node, or a numerical window into a larger CUWF state.

1.11 Summary of Level 1
What it is

Level 1 provides the intermediate mathematical layer needed before the handbook enters geometry,

curvature, physics frameworks, and CUWF-specific machinery.

]
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Why it matters in CUWF
The key tools are multivariable functions, vector calculus, operators, inner products, functionals,
stability analysis, matrix discretization, differential equations, and boundary conditions. Together they

allow CUWF to move from intuitive wave language to technical mathematical structure.

Example equations

Full-system reference: dQ/aT = —V_Fc[Q)]
Stable full-system condition: V_FG[Q]=0
Field-level reference: AW/0T = —6G/6 W

Field-level stationary condition: 0G/OW =0

Interpretation
Level 2 can now introduce manifolds, metrics, curvature, and geometric evolution using the operators

and stability tools established here.

Level 1 Practical Cautions

Do not confuse the full-system state Q with the pedagogical field W. Q contains collapse content,
geometry, entanglement structure, and effective degrees of freedom. W is a useful field-level
representation inside Q.

Do not treat 0G/OW = 0 as the same as V_TG[Q] = 0. The first is a field-level stationary condition;
the second is the full-system stable-projection condition.

Do not assume that linear operators describe the full CUWF theory. Linear operators are used for local
approximation, perturbation theory, spectral analysis, and computation.

Boundary conditions are not optional in CUWF simulations. They define whether a domain is closed,

open, absorbing, collapse-locked, or embedded in a larger state.
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