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LEVEL 0 — Basic Mathematical Tools

Level 0 introduces the minimum mathematical toolkit required to read the CUWF Mathematical
Handbook. It is designed for readers who may not have advanced mathematical training, while still
preparing them for the formal language used in later levels. The aim is not to teach mathematics
exhaustively, but to define the tools that repeatedly appear in CUWF: variables, functions, derivatives,
gradients, divergence, curl, Laplacians, integrals, vectors, matrices, eigenmodes, ODEs, PDEs, and

basic operator notation.
Notation convention for this handbook:

Q) denotes the full CUWF universe-state, usually written as ((T) = {X(T), g(T), =_eff(T), N_eff(T)}.

W (x,T) denotes a field-level or pedagogical representation of the collapse-wave component inside Q.
The full-system CUWF law is dQ/aT = —V_F Q1.

At the simplified field level, one may write 0¥/t = —-6c/0W.

The stationary or attractor condition is V_TG[Q] = 0 at full-system level, or 6G/OW =0 at field level.

0.1 Variables and Functions

(1) What it is

A variable is a symbol representing a quantity that can change. Examples include x, vy, z, t, T, W x a,
=_eff, and N_eff. A function is a rule that assigns an output to one or more inputs. For example, f(x) =

x? + 1 assigns a numerical value to each x.

(2) What it tells us / why it matters
Variables and functions are the native language of physics. Without them, one cannot write fields,
potentials, curvature, collapse rules, or evolution equations. In CUWF, functions describe how

collapse-wave structure, geometry, entropy, and correlation vary across a domain.
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(3) CUWF role
In CUWF, W (x,T) may describe the field-level wave value at position or configuration coordinate x and
entropic evolution T. The full universe-state is represented by Q)(T), which contains the collapse field

X, geometry g, nonlocal connectivity =_eff, and active degrees of freedom N_eff.

(4) Example equations

Standard: f(x) = x2 + 3x + 2
If x =1, then f(1) = 6.

CUWF: W(x,T) = field-level wave configuration at x and T.

0.2 Derivatives and Rates of Change
(1) What it is
A derivative measures how fast a function changes when its input changes. If f(x) is a curve, df/dx is its

slope. If a quantity changes with time or entropic evolution, its derivative measures its rate of change.

(2) What it tells us / why it matters
Derivatives describe maotion, growth, decay, collapse, curvature change, entropy flow, and stability

evolution. They are the first mathematical tool needed to express dynamics.

(3) CUWF role
CUWEF uses derivatives with respect to entropic evolution T. At full-system level, d€)/dT describes how
the entire universe-state changes. At field level, 0W/0T describes how the collapse-wave

representation evolves.

(4) Example equations

Standard: if f(x) = x3, then df/dx = 3x2.
CUWF full-system: dQ/at = —V_Fc[Q].

CUWF field-level: OW/0T = —6G/0W.
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0.3 Partial Derivatives (Q)

(1) What it is

A partial derivative is used when a function depends on several variables. It measures change with
respect to one variable while holding the others fixed. For f(x,y,T), af/ax, af/ay, and 0f/0T describe

different directional changes.

(2) What it tells us / why it matters
Partial derivatives are the basic components of PDEs, curvature tensors, field equations, and collapse

dynamics. They allow a field to change differently across different directions.

(3) CUWF role
In CUWF, 0W/0x describes spatial or configurational variation, while OW/0T describes entropic

evolution. Higher partial derivatives such as 0°W/0x> appear in Laplacian and curvature terms.

(4) Example equations

Standard: if f(x,y) = x2y + 3y, then @%/0x = 2xy and Of/dy = x? + 3.

cUwWF: 0W/0T may depend on 02W/0x2, 0°W/0y>, A_EW, €, R_E, and =_eff.

0.4 Gradient (V)
(1) What it is
The gradient is a vector made from partial derivatives. It points in the direction where a scalar function

increases most rapidly, and its magnitude tells how steep the increase is.

(2) What it tells us / why it matters
The gradient determines natural flow directions. Systems often move down gradients when minimizing

energy, potential, instability, or generator functionals.

(3) CUWF role

In CUWF, gradients appear in several forms: Vs gives entropy change, —Vs may define entropic drift
g, and V_Fac[Q] gives the generalized functional direction of full-system evolution. Collapse
proceeds by descent, not by arbitrary selection.
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(4) Example equations

Standard: for f(x,y,z), Vf = (0%/0x, 010y, 0102).
CUWF drift; € = —Vs.

CUWF full-system: dQ/at = —V_F Q.

0.5 Divergence V")

(1) What it is

Divergence is a scalar quantity that measures whether a vector field spreads outward from a region or
converges inward into it. Positive divergence indicates source-like behavior. Negative divergence

indicates sink-like behavior.

(2) What it tells us / why it matters
Divergence is used in conservation laws, flux equations, diffusion, fluid flow, and field dynamics. It

detects accumulation, depletion, spreading, and compression.

(3) CUWF role
In CUWF, divergence can indicate collapse sinks, entropy sources, entropic curvature formation, or

compression of wave structure. It appears in operators such as V.-€ and V-(EVLU).

(4) Example equations

Standard: for F = (F_x,F_y,F_2z), VF=0F x0x + aF_y/ay + OF_2/0z.

cuwr: R =V (VW)

0.6 Curl (V)
(1) What it is
Curl measures the rotational or swirling tendency of a vector field. It produces a vector whose direction

indicates the axis of rotation and whose magnitude indicates rotational strength.
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(2) What it tells us / why it matters
Curl is important in fluid dynamics, electromagnetism, and any theory involving rotational flow. It helps

distinguish straight drift from vortical motion.

(3) CUWF role
In CUWF, curl may be used to detect vortical entropic drift, swirl-like pre-collapse structures, rotating

collapse channels, or nontrivial topological flow patterns.

(4) Example equations

Standard: VxF measures rotational flow of F.

CUWF: V€ can identify vortical entropic drift before collapse.

0.7 Laplacian (V?) and Entropic Laplacian (A_E)
(1) What it is
The Laplacian measures how much a value at a point differs from the average of its neighbors. It is

central in diffusion, heat flow, wave smoothing, and stability analysis.

(2) What it tells us / why it matters
In ordinary flat space, the Laplacian is written Vz. On curved geometry it becomes the Laplace—
Beltrami operator. In CUWF, the entropic Laplacian A _Eis the Laplacian defined on entropic geometry

rather than ordinary Euclidean space.

(3) CUWF role
A _E is one of the core CUWF operators. It detects where W spreads, smooths, diffuses, or becomes
unstable under entropic geometry. It also appears in collapse PDEs, stability operators, and numerical

solvers.

(4) Example equations

Standard 2D: V?f = 021/0x? + 02f/0y>.

Curved-space form: AAf = (1/\/|g|) ai(\/|g| a™Mij} 6,-f>.
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CUWF: A_EW = entropic Laplacian of W on M E.

0.8 Integrals (f)
(1) What it is
An integral accumulates infinitesimal contributions over an interval, region, volume, or configuration

space. It generalizes the idea of summing many small pieces.

(2) What it tells us / why it matters
Integrals compute total mass, probability, energy, entropy, action, generator values, and averages.

Functionals are often defined using integrals.

(3) CUWF role
CUWEF uses integrals to define generator functionals, normalization conditions, entropy measures,

curvature memory, entanglement strength, and collapse diagnostics.

(4) Example equations

Standard: f01 xdx=1/2.
CUWF normalization: f |W(x,T)]2 dx = 1.

CUWEF generator example: clW] = f ,C(LIJ, VWV A EW, g, R E, = eff) dx.

0.9 Double and Closed Integrals (_U ﬁ)
(1) What it is
A double integral ff accumulates values over an area. A closed integral Sﬁ accumulates values

around a closed path or loop.

(2) What it tells us / why it matters

These tools are used for flux, circulation, surface quantities, and boundary behavior. They allow local

behavior inside a region to be related to behavior along its boundary.
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(3) CUWF role
In CUWF, double integrals appear naturally in nonlocal kernels and entanglement measures. Closed

integrals may be used for circulation-like collapse flow, topology diagnostics, or boundary conditions.

(4) Example equations

Standard: ff_A P(x,y) dA = total amount over area A.
Standard: 45_0 F-dI = circulation around closed curve C.

CUWF entanglement strength: E_s = ff K_ent(x,y) dx dy.

0.10 Vectors and Vector Fields
(1) What it is
A vector has magnitude and direction. A vector field assigns a vector to every point in a domain, like

wind arrows on a weather map.

(2) What it tells us / why it matters
Vector fields describe velocity, force, flow, drift, current, and directional evolution. They are necessary

for gradients, divergence, curl, and flow-line analysis.

(3) CUWF role
In CUWF, € is an entropic drift vector field. It tells how entropy flow transports collapse, shapes

geometry, and contributes to entropic curvature.

(4) Example equations

Standard: v = (v_x, v_y, V_2).
CUWF: €(x,T) = —Vs(x,T).

CUWEF flow lines: dx/dT = E(x).
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0.11 Matrices and Linear Operations
(1) What it is
A matrix is an array of numbers representing a linear transformation. A linear operation preserves

addition and scalar multiplication.

(2) What it tells us / why it matters
Matrices allow continuous operators to be represented numerically. They support eigenvalue analysis,

discretization, stability analysis, and simulation.

(3) CUWF role
In CUWF, operators such as A_E and L_E can be represented as matrices after discretization. This

makes it possible to compute collapse modes, stability spectra, attractors, and numerical evolution.

(4) Example equations

Linearity: A(Ou + Bv) = 0lAu + BAv.
Discrete operator form: L_E W = AW,

CUWF numerical form: l-IJ_iA{n+1} =W i*n+ At F_i(l'pAﬂ)-

0.12 Eigenvalues and Eigenvectors
(1) What it is
An eigenvector is a direction that remains unchanged by an operator except for scaling. The scaling

factor is the eigenvalue.

(2) What it tells us / why it matters
Eigenvalues identify natural modes of a system: stable, unstable, oscillatory, resonant, or collapsing.

They are central in mode analysis and linear stability theory.

]
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(3) CUWF role

In CUWF, eigenmodes of A_E or L_E classify collapse modes, soft modes, stability modes, and
attractor behavior. Positive or negative real parts of eigenvalues indicate whether perturbations grow or

decay.
(4) Example equations

Standard: Av = )\v.
CUWF:L_ Eun=Anun.

Stability reading: Re(A_n) < 0 means decay; Re(A_n) > 0 means growth; A_n = 0indicates

marginal or soft-mode behavior.

0.13 Ordinary Differential Equations (ODEs)
(1) What it is
An ODE is a differential equation involving one independent variable, usually time or an evolution

parameter. It describes how one or more quantities change along a single dimension.

(2) What it tells us / why it matters

ODEs are useful for simplified models, reduced systems, toy examples, and single-mode dynamics.

(3) CUWF role
CUWEF can reduce complex collapse systems to ODEs when only one mode, one amplitude, or one

attractor coordinate is being studied.

(4) Example equations

Standard: dy/dt = ky gives y(t) = yge"{kt}.
CUWEF reduced collapse: dA_n/dT=0_n A_n.

CUWEF attractor approach: dW/dt = —y‘P.
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0.14 Partial Differential Equations (PDEs)
(1) What it is
A PDE is a differential equation involving multiple independent variables and partial derivatives. PDEs

describe spatially distributed systems: waves, diffusion, heat flow, fields, geometry, and collapse.

(2) What it tells us / why it matters
PDEs are the natural language of field dynamics. They are required when a quantity changes across

space, geometry, and entropic evolution simultaneously.

(3) CUWF role

CUWEF uses PDEs for collapse dynamics, entropic drift, curvature evolution, entanglement propagation,
stability flow, and numerical simulation. The full-system law is expressed at Q-level, while field-level

PDEs often use W.

(4) Example equations

Standard diffusion: Au/dt = DV>u.
CUWF field-level: AW/0T = —8G/0W.

CUWF full-system: dQ/at = —V_Fc[Q].

0.15 Summary of Level 0 Tools
(1) What it is
Level O provides the foundational mathematical vocabulary used throughout the CUWF Mathematical

Handbook. These tools are simple in isolation but powerful when combined.

(2) What it tells us / why it matters
Every later level depends on Level 0: geometry requires variables, functions, derivatives, and metrics;
collapse requires gradients, Laplacians, PDEs, and eigenmodes; entanglement requires kernels and

double integrals; computation requires matrices, discretization, and differential operators.
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(3) CUWF role

The main purpose of Level O is to give the reader enough fluency to recognize how CUWF equations
are built. Higher levels will deepen the same tools into entropic geometry, collapse dynamics,

curvature flow, stability, entanglement calculus, generator functionals, and numerical engines.
(4) Example equations

Operator identity: V-(Vf) = V.

CUWF field-level skeleton: 3W/0T = —6G/6W.

CUWF full-system skeleton: dQ/dT = —V_Fc[Q].

Level 0 Closing Note

Level O should be read as the mathematical entrance to CUWF, not as a complete mathematics
textbook. Its purpose is to make the rest of the handbook readable. Once the reader understands how
variables, derivatives, operators, integrals, vectors, matrices, eigenvalues, ODEs, and PDEs work

together, the higher CUWF layers become much less mysterious.

The next level, Level 1, builds on these tools by introducing intermediate calculus, linear algebra,

functionals, boundary conditions, and stability concepts in greater detail.
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