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LEVEL 3 — Physics Mathematical Frameworks

Level 3 introduces the mathematical frameworks most frequently used in modern theoretical physics.
Its purpose is not to make Quantum Mechanics, field theory, or relativistic wave theory fundamental
inside CUWF. Instead, Level 3 gives the reader the comparison language needed to understand how

CUWEF relates to familiar physics.

In the CUWF handbook, these tools should be read as bridge structures. Hilbert spaces, operators,
Hamiltonians, Lagrangians, actions, Green'’s functions, Fourier transforms, path integrals, density
matrices, and relativistic wave operators are useful mathematical languages. They become projection

languages or local approximations of the deeper CUWF state dynamics.

The official full-system notation of the current C-series is Q) = {X(D), g(T), =_eff(T), N_eff(T)},
governed by dQ/at = —V_Fc[Q]. At the field-level or pedagogical level, this may be simplified to
W(x,T) and 0W/0t = —8c/0W. Level 3 uses both languages, but they must not be confused: Wis

a field-level representation; Q) is the full CUWF universe-state.

Level 3 Notation Convention

Notation Role in this handbook Use

QT) = {X, g, =_eff, N_eff} Full CUWF universe-state Official C-7/C-8/C-9 master
notation

dQidat = —V_Fa[Q Full-system dynamical law Used when discussing CUWF

as a complete state evolution

V. Fce1=0 Stable projection / fixed-point/ | Used for regimes that behave
admissibility condition as effective physical laws
l-IJ(X,T) Field-level wave representation | Used for teaching, PDE

examples, spectra, and

simplified collapse models

]
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o¥/0t = —6c/6W Field-level gradient-flow form Useful for Level 3-20

calculations and simulations

3.1 Hilbert Space
What it is

A Hilbert space is a vector space equipped with an inner product and complete with respect to the
norm induced by that inner product. In quantum mechanics, the state |L|J) is represented as a vector

in Hilbert space, and superposition is represented by linear combination.

Why it matters
Hilbert space provides the standard mathematical setting for quantum states, amplitudes,
observables, and measurement probabilities. It is the language in which ordinary quantum mechanics

becomes precise.

Role in CUWF

In CUWF, Hilbert space is not taken as fundamental. A Hilbert-like structure may appear as a low-
curvature, high-N_eff projection of the full CUWF state space. The full state Q) is broader than a Hilbert
vector because it includes collapse content X, geometry g, nonlocal correlation =_eff, and active

resolution N_eff.

Analogy

Think of Hilbert space as a room. Different arrangements of people in the room are different quantum
states. CUWF is not only the room; it also includes the geometry of the room, the rules by which the
room deforms, and the conditions under which arrangements become stable.

Example equations

Standard form
H= (W60 1 [ 1herax< 00
(D, &) = [ W60 b0 ox
CUWEF form

H_CUWF = { Wx]| [ |WIX)F d(x) < 00}
]
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Q(T) = {X(T), g(T), =_eff(T), N_eff(T)}

Practical caution. Do not identify Q with an ordinary Hilbert vector. Hilbert space is a projection

language; Q) is the full CUWF state.

3.2 Linear Operators in Quantum Mechanics

What it is
A linear operator A maps one state or function into another while preserving linear combination: A(OLl]J
+ Bd)) = OLAl]J + BA(I) In quantum mechanics, observables such as position, momentum, spin, and

energy are represented by operators.
Why it matters

Operators make physical quantities calculable. Their eigenvalues correspond to possible outcomes,

and their spectra encode stable modes, resonances, and allowed states.

Role in CUWF
CUWEF uses operator language for entropic drift, collapse, curvature response, and stability analysis.
However, CUWF operators need not be ordinary quantum observables. They may be differential,

nonlocal, nonlinear, or geometry-dependent operators acting on W or on sectors of Q.

Analogy
An operator is like a machine in a factory. The input is a state; the machine transforms it according to a
rule; the output is a new state. CUWF uses several such machines, including entropic, collapse,

curvature, and stability operators.

Example equations

Standard form
A + Bd) = aAl + BAd
PY(x) = —if dp/dx

CUWEF form

L EW1=—V.€ W
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Collapse operator: CA[LU] —> compression toward collapse nodes

Practical caution. Some CUWF operators are only approximately linear. Linearity is usually a local or

projection-level property.

3.3 Hamiltonian (Fl)
What it is

The Hamiltonian H is the operator representing total energy in quantum mechanics. It generates time

evolution through the Schrédinger equation.
Why it matters

The Hamiltonian is central in standard quantum theory because it determines how a state changes with

respect to external time t and how energy levels are organized.

Role in CUWF

In CUWF, the Hamiltonian is not fundamental. CUWF does not begin with external time or a fixed phase
space. Hamiltonian-like descriptions can appear as projection regimes when the full generator G[Q

reduces to a stable, time-parametrized subsystem.

Analogy
The Hamiltonian is like the operating schedule of a factory. It tells the machines how to run through

time. CUWF asks a deeper question: what generates the factory, the machines, and the schedule?

Example equations

Standard form

ih O/t =HY
H = P2m) + V()
CUWF form
Effective projection: ift OYr/0t = H_eff )

Full CUWF law: dQ/dT = —V_F Q]

- ____________________________________________________________________________________________|
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Practical caution. Do not rewrite CUWF as a Hamiltonian theory unless explicitly working in a reduced

projection. CUWF dynamics are generated by G[Q, not by a fixed Hamiltonian on external time.

3.4 Lagrangian (L) and Lagrangian Density £L)
What it is

A Lagrangian is a scalar quantity from which equations of motion can be derived. In mechanics it is

often written L = T — V. In field theory, the relevant object is a Lagrangian density E(d), ad)).

Why it matters

Lagrangian methods unify many areas of physics because a single scalar structure can generate
dynamical equations through variation. They provide the foundation for classical mechanics, field

theory, gauge theory, and general relativity.

Role in CUWF
CUWF may use a generator density or Lagrangian-like density as part of G. However, the CUWF
Generator Functional is broader than an ordinary Lagrangian because it includes collapse, entropic

curvature, nonlocal correlation, and degree-of-freedom regulation.

Analogy
A Lagrangian is like a balance score. It combines motion, resistance, constraints, and potential into
one quantity. CUWF extends this idea into a generative score for collapse, curvature, entanglement,

and dimensional regulation.

Example equations

Standard form

L, qt)=T—V

S= f L dt
s= [ L, 0d) d*
CUWEF form

QI = [ £ CUWF(X, g, =_eff, N_eff, X, ...) d|L_E
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G[Q] = CD[X] + Clg] + = eff + R(N_eff) + coupling terms

Practical caution. The symbol G should not be reduced to a conventional action unless the paper

explicitly defines that projection.

3.5 Action Principle (S)
What it is

The action S is the integral of a Lagrangian over time or spacetime. The physical path is usually
selected by a stationary-action condition 0s=o0.
Why it matters

Action principles compress dynamical laws into variational form. They show that many equations of

motion can be derived from a single scalar functional.

Role in CUWF

In CUWF, action-like reasoning is useful for comparison, but the primary object is the Generator

Functional G[€)]. Stable projection regimes may satisfy V_F Q1 = o, while full evolution follows
dQiat = —V_Faq[Q1.

Analogy
Planning a journey involves optimizing several constraints: distance, terrain, safety, and time. The
realized path is the one that cannot be improved by small changes. CUWF generalizes this idea from

trajectories to universe-state configurations.

Example equations

Standard form
sia) = J L(a, g, b
OS = 0 = Euler-Lagrange equations
CUWEF form
Stable projection: V_FG[Q] =0
Field-level stationarity: 8G/OW =0
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Practical caution. Stationary action and CUWF gradient-flow dynamics are related by analogy, not

identical by default.

3.6 Euler-Lagrange Equation

What it is

The Euler-Lagrange equation is the condition obtained from stationary action. It converts a Lagrangian
into equations of motion.

Why it matters

This equation is one of the most important bridges between abstract variational principles and
concrete differential equations.

Role in CUWF

CUWF may use Euler-Lagrange-type calculations when deriving field-level equations from a local
density. At the full-system level, however, the governing form is the generalized gradient flow of Q
under G[Q].

Analogy

If a Lagrangian is a travel score, the Euler-Lagrange equation is the rule that says which path has
locally optimal score.

Example equations

Standard form
d/dt(0L/0q) — OL/Oq =0
0_WoLio0d_pd) —aLidd =0

CUWF form
d_oL_cuwrd@_pW)) — oL _cuwrid¥ =0
V0t =—6c/6W

Practical caution. The Euler-Lagrange form is useful when G is expressed through a density L _cuwr;

it is not the only way CUWF equations are written.

- ____________________________________________________________________________________________|
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3.7 Green’s Functions

What it is
Given a linear operator O, a Green’s function G(x,x') is the response of the system to a point-like

source. It satisfies O G(x,x') = 5(x—x').

Why it matters
Green’s functions solve linear differential equations by converting arbitrary sources into superpositions
of point responses. They are central in wave propagation, electrostatics, diffusion, quantum

propagators, and field theory.

Role in CUWF
In CUWF, Green'’s functions can describe how collapse influence, entropic drift, curvature

perturbations, or stability disturbances propagate through a linearized sector of entropic geometry.

Analogy
Drop one stone into a pond. The ripple pattern is the Green’s function. Drop many stones, and the total

surface pattern is a combination of those point responses.

Example equations

Standard form
0 G(xx) = &(x—x)
b = J Gixx) pix') ax’
CUWF form
L_E G_E(xx) = O_E(xx)
SWe) = [ G E(xx") J_collapse(x’) dp_E(x)

Practical caution. Green’s functions require a linear or linearized operator. Use them only after

specifying the approximation regime.
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3.8 Fourier Transforms

What it is
The Fourier transform represents a function as a combination of oscillatory modes. It moves a problem

from position or time space into frequency or momentum space.

Why it matters
Fourier analysis reveals the spectrum of a field, turns derivatives into algebraic multipliers, and

exposes modes that dominate stability, resonance, or collapse.

Role in CUWF
CUWEF uses spectral decomposition to identify collapse modes, curvature spectra, entanglement

frequencies, attractor signatures, and numerical stability ranges.

Analogy
A song can be heard as one sound, but a spectrogram separates drums, bass, voice, and strings.

Fourier analysis separates a CUWF field into its modal components.

Example equations

Standard form
F() = J 1x) e (—ikx) dx
fx) = (1210 | F(K) e (ikx) dk
CUWF form
Wx,T) =2 _k W_K(T) e”(ikx)
AV — —e W

Practical caution. Fourier methods assume a chosen domain and boundary structure. In curved or

entropic geometry, spectral methods may require adapted bases or local charts.
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3.9 Path Integrals
What it is

In Feynman’s formulation, the amplitude for a process is expressed as a sum over possible paths,

weighted by a phase determined by the action.

Why it matters
Path integrals provide a powerful language for quantum mechanics, quantum field theory, statistical

mechanics, and propagator calculations.

Role in CUWF
In CUWF, path-integral language can be used as a projection or approximation over histories of W or
Q. The deeper CUWF view is not merely a sum over spacetime paths, but a possible sum over

collapse-geometric histories in entropic configuration space.

Analogy
Imagine all possible routes from home to work. Each route contributes something; routes that align

coherently dominate. A path integral sums all routes, weighted by their action.

Example equations

Standard form
K ftfx i) = | Dix®] exp(SxIA)
Z= f Do explisidrh)
CUWF form
Z_ CUWF = | DIW] explis_cUWF[WY/A)
Projection over Q-histories: Z_Q = f DQ exp(—a6[Q))

Practical caution. The CUWF handbook should not imply that CUWF is fundamentally a standard path-

integral theory. Path integrals are one representational tool.
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3.10 Density Matrices
What it is

A density matrix P represents pure states, mixed states, and reduced subsystem states. It is especially

useful when a subsystem is entangled with an environment or when information is incomplete.

Why it matters
Density matrices describe decoherence, mixedness, entropy, and correlations. They are central in

open quantum systems and quantum information.

Role in CUWF
In CUWF, density-matrix language may represent a projected subsystem of the full Q state. Collapse
can be modeled as rank reduction, entropy redistribution, branch weighting, or loss of coherence in a

W_sector.

Analogy
A company may have many possible active projects with different probabilities. The density matrix

records the weighted structure of what might be active and how those possibilities are related.

Example equations

Standard form

p=1P)UI
p=2ipi P iYY_i
(A) = Tr(pA)
CUWEF form
P_CUWEF = reduced projection of Qonto a subsystem
collapse projection: P — P_eff with reduced rank or reduced off-diagonal coherence

Practical caution. A density matrix is a reduced description. It should not be confused with Q, which

includes geometry, correlation structure, and N_eff.
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3.11 Standard Laplacian vs. D’Alembertian ()
What it is

The spatial Laplacian V2 measures spatial curvature or local averaging behavior of a scalar field. The
d’Alembertian OO combines space and time derivatives in a relativistic wave operator.

Why it matters

The Laplacian governs diffusion, potentials, smoothing, and nonrelativistic wave behavior. The
d’Alembertian governs relativistic wave propagation and finite-speed causal structure.

Role in CUWF

CUWEF uses the entropic Laplacian A_Eon entropic geometry. In projection regimes, an entropic
d’Alembertian O_E may be defined to compare CUWF wave propagation with relativistic field

equations.

Analogy
The Laplacian is like studying a still photograph of spatial shape. The d’Alembertian is like studying the

full movie, where space and time are linked.

Example equations

Standard form
Ve = 0>p/0xz + 02i0y> + 02¢/0 2>
0@ = (1/c2) 020 — Va2

CUWF form
AEW=Vi~Ee)Vie)W
0 EW=(1/c_efr)d?W/0r — A EW

Practical caution. The symbol t may appear in projection-level formulas, but T remains the CUWF

entropic evolution parameter.

© 2025 CHAYUT TECHASAMRAN 54



WV

CUWF

Paper C-9: CUWF Mathematical Handbook

www.cuwfcosmos.com

3.12 Summary of Level 3 Tools

Level 3 gathers the mathematical frameworks used by modern physics and converts them into

comparison tools for CUWF. Hilbert spaces, operators, Hamiltonians, Lagrangians, actions, Euler—

Lagrange equations, Green’s functions, Fourier transforms, path integrals, density matrices, and wave

operators are not treated as the final foundation of CUWF. They are the languages through which

specific projections of CUWF can be expressed.

The most important distinction is between full-system CUWF notation and field-level pedagogical

notation. Full-system dynamics are written as dQ/dt = —V_TG[Q]. Field-level calculations often use

0W/0t = —06G/0W. Stable or effective physical regimes are represented by V_FceiQi=0orin

field-level form, 6G/6W = 0.

With Level 3 complete, the handbook has established the standard mathematical and physical

languages needed before entering Level 4, where CUWF-specific mathematical machinery begins.

Level 3 Practical Cautions

low-curvature projections

Tool Safe CUWF use Common mistake to avoid

Hilbert space Use as a projection space for Do not treat it as the full CUWF
quantum-like regimes state space

Hamiltonian Use as an effective generator in | Do not replace G[Q] with Fl

Lagrangian/action

Use to derive local field-level

equations

Do not assume all CUWF
dynamics must be ordinary

action dynamics

Green’s function

Use after linearization

Do not use it for fully nonlinear

collapse without approximation
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Fourier transform Use for spectra and mode Do not ignore geometry or
analysis boundary conditions

Density matrix Use for reduced subsystem Do not confuse P with Q
descriptions

D’Alembertian Use in relativistic projection Do not replace T with t at the
regimes full-system level
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