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Chapter 4  Understanding the Geometric State Function g(τ) 

 

Equation Under Discussion 

                                                U(τ+Δτ) = U(τ) − ∇G[U(τ)] Δτ 

Where :                                          U(τ) = {X(τ), g(τ), N_eff(τ)} 

 

In the previous chapter, we examined the first major component of the Gateway Master Equation: X(τ). 

We described X(τ) as the state function, or the collection of state functions, that represents the 

temporarily stable state of a system at a given evolutionary step τ. 

 
We now turn to the second component of the system-state vector: 

 

g(τ) 

 
At first sight, this symbol may look familiar. Readers with a background in differential geometry or 
general relativity may immediately associate g with a metric tensor, such as g_ij. This association is 
useful, but only partially so. 

 

In CUWF, g(τ) should not be understood merely as a metric tensor. It is broader than that. It represents 
the geometric state function, or a set of geometric state functions, describing the evolving geometry 

within which the state functions X(τ) exist, interact, and evolve. 
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This chapter explains why CUWF requires g(τ), what kind of reality it describes, how it differs from X(τ), 
and why the evolution of the system cannot be understood through state functions alone. 

 

Opening Question :    If X(τ) already describes the state of the system, why does the Gateway Master 

Equation still need g(τ)? 

At first, one might think that X(τ) should be sufficient. If X(τ) tells us what the system is doing, what 
values its state variables take, and how those values change, why introduce another component? 

 
The reason is that a physical state does not exist in isolation. 

 
A state always exists within a geometry. 

 
The system is not merely described by what its state is. It is also described by the geometric structure 
within which that state is located, connected, curved, distributed, compressed, stretched, stabilized, or 
destabilized. 

 

X(τ) tells us what the system-state is. 

 

g(τ) tells us the geometry within which that system-state exists and evolves. 

 
Therefore, CUWF requires both. 

 

Physical Motivation 

 

To understand the necessity of g(τ), let us begin with a simple physical intuition. 
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Imagine that we know the positions, amplitudes, densities, or local values of a system at a given 
moment. This gives us important information about the system. It tells us something about its state. 

 
But it does not necessarily tell us the full structure of the space, field, or relational geometry in which 
those quantities are defined. 

 
For example, two systems may have similar state variables but exist within very different geometric 
conditions. 

 
One may exist in a nearly flat geometry. 

 
Another may exist in a highly curved geometry. 

 
One may have weak relational density between regions. 

 
Another may have strong local geometric compression. 

 
One may evolve within a relatively uniform background. 

 
Another may evolve within a geometry whose curvature, scale, density, and connectivity are 
themselves changing. 

 
In such cases, the state variables alone are not enough. We must also know the geometry that shapes 
their evolution. 
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This is the physical motivation for g(τ). 

 
CUWF does not treat reality as a collection of state variables placed on a passive, fixed background. 
Instead, it treats reality as a coupled evolution of state and geometry. 

 
The system evolves. 

 
The geometry evolves. 

 
And the two evolve together. 

 
This is why the Gateway Master Equation writes the system-state vector as 

 

U(τ) = {X(τ), g(τ), N_eff(τ)} 

 
rather than simply 

 

U(τ) = X(τ) 

 
The state-side description and the geometry-side description are both required. 

 

Core Concept 

 
The core concept of this chapter is the following: 
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g(τ) represents the geometric state function of the system. 

 

It describes the evolving geometry within which X(τ) exists and evolves. 

 

In CUWF, X(τ) and g(τ) do not describe the same thing. They are not duplicate variables. They 
represent two different aspects of the same evolving reality. 

 

 

 

X(τ) is the state-side description. 

 

g(τ) is the geometry-side description. 

 

X(τ) tells us what state the system is in. 

 

g(τ) tells us what geometric structure the system-state occupies and how that geometry participates in 
the system’s evolution. 

 
This distinction is important because CUWF does not assume that geometry is merely a passive 
background. Geometry is not simply a stage on which physical processes occur. It is part of the 
evolving structure of the system. 

 

Therefore, g(τ) is not an optional addition. It is a necessary component of the Gateway Master 
Equation. 
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Without g(τ), CUWF would have a state description without a geometry description. It would describe 
what changes, but not fully describe the geometric structure within which change becomes physically 
meaningful. 

 

Mathematical Representation 

 
In the Gateway Master Equation, the total system-state vector is written as 

                                                U(τ) = {X(τ), g(τ), N_eff(τ)} 

 

Here, g(τ) denotes the geometric state function, or a set of geometric state functions, at evolutionary 

step τ. 

The evolution equation is 

                                             U(τ+Δτ) = U(τ) − ∇G[U(τ)] Δτ 

 

This means that g(τ) is not updated independently from the rest of the system. It is part of the coupled 

system-state vector U(τ). The gradient of the global functional G acts on the full system-state, not on 

X(τ) alone. 

 

Thus, the update from U(τ) to U(τ+Δτ) includes the evolution of 

 

X(τ), 

 

g(τ), 
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and N_eff(τ). 

 
In conceptual terms, we may write: 

 

g(τ) = geometric state function of the system at evolutionary step τ 

 
or, more explicitly: 

                                                     g(τ) = G_geo[p_geo(τ)] 

 

where p_geo(τ) denotes the relevant geometry parameters at evolutionary step τ. 

 
These geometry parameters may include, depending on the level of description required by the 
framework: 

 
metric components, 

 
curvature, 

 
local geometric density, 

 
connection structure, 

 
local scale, 
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symmetry descriptors, 

 
topological descriptors, 

 
and other geometric quantities appropriate to the system under consideration. 

 

This does not mean that g(τ) is identical to any one of these parameters. Rather, these parameters 
characterize the geometric state function. 

 
In other words: 

 
Geometry Parameters 

↓ 

Geometric State Function 

↓ 

g(τ) 

 
This hierarchy is crucial. 

 

g(τ) is not merely curvature. 

 

g(τ) is not merely the metric. 

 

g(τ) is not merely geometric density. 
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It is the geometric state function characterized by such parameters. 

 

Physical Interpretation 

 

Physically, g(τ) represents the evolving geometry of the system. 

 
This geometry determines how different regions of the system are related to each other. It may encode 
distance, curvature, density, connection, scale, local structure, or other geometric descriptors. 

 

If X(τ) describes the state of the system, g(τ) describes the geometric environment through which that 
state becomes dynamically meaningful. 

 
For example, a given state function may behave differently depending on the geometry in which it 
exists. A wave-like structure evolving in a flat geometry will not behave identically to one evolving in a 
curved or compressed geometry. A local density configuration may have different stability properties 
depending on the surrounding geometric structure. A collapse process may proceed differently 
depending on the local geometric conditions that shape the descent of the system. 

 

Thus, g(τ) is not merely descriptive. It participates in the evolution of the system. 

 
In CUWF, geometry is not assumed to be externally imposed. It emerges through the deeper structure 
of the framework. 

 
The conceptual chain may be expressed as: 
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Still Wave 

↓ 

Entropic Evolution 

↓ 

Emergence of Geometric Waves 

↓ 

Continuous Collapse Dynamics 

↓ 

Geometric Evolution 

↓ 

g(τ) 

↓ 

Geometric Field 

↓ 

Mathematical Readout 

 
This sequence should be understood carefully. 

 

g(τ) does not directly represent the Still Wave. 

 

g(τ) does not directly represent the full Geometric Field. 

 

Rather, g(τ) represents the geometric state function produced through geometric evolution, which itself 
arises through the continuous collapse dynamics of emergent Geometric Waves. 
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In this sense, g(τ) is a bridge between deeper CUWF foundations and the mathematical representation 
used in the Gateway Master Equation. 

 
It is not the deepest substrate. 

 
It is not the final observational readout. 

 
It is the evolving geometric state function within the canonical description of the system. 

 

Relationship to Other Components 

 

The relationship between X(τ) and g(τ) can be understood through a useful parallel structure. 

 

For X(τ), we may write: 

 
Wave Parameters 

↓ 

State Function 

↓ 

X(τ) 

 

For g(τ), we may write: 
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Geometry Parameters 

↓ 

Geometric State Function 

↓ 

g(τ) 

 

This shows that X(τ) and g(τ) have analogous roles, but they describe different aspects of the system. 

 

X(τ) is derived from parameters that characterize the state-side behavior of the system. 

 

g(τ) is derived from parameters that characterize the geometry-side structure of the system. 

 
The two are distinct but inseparable. 

 

X(τ) without g(τ) would describe states without their evolving geometry. 

 

g(τ) without X(τ) would describe geometry without the state content evolving within it. 

 
The Gateway Master Equation requires both because CUWF treats physical reality as a coupled state-
geometry evolution. 

 
This coupling is one of the reasons why partial differential equations naturally appear again. 

 

In Chapter 3, we saw that X(τ) may be represented through functions whose evolution requires 

differential or partial differential descriptions. Once g(τ) is also understood as a geometric state 
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function, its evolution likewise requires mathematical tools capable of describing changes in functions 
over evolutionary steps and across structured domains. 

 

Therefore, PDEs are not relevant only to X(τ). They also naturally arise in the coupled evolution of X(τ) 

and g(τ). 

 
The Gateway Master Equation is not merely an equation for state functions. 

 
It is an equation for the coupled evolution of state functions and geometric state functions. 

 
This is why the total system-state vector is written as 

 

U(τ) = {X(τ), g(τ), N_eff(τ)} 

 
rather than as a single isolated function. 

 

Human-Level Interpretation 

 

At a human level, the distinction between X(τ) and g(τ) can be understood through a simple analogy. 

 
Suppose we describe a person walking through a city. 

 
If we only describe the person’s state, we might say: 

 
where the person is, 
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how fast the person is moving, 

 
what direction the person is facing, 

 
and what condition the person is in. 

 

This is similar to X(τ). 

 
But this is not enough to understand the person’s actual movement. 

 
We also need to know the structure of the city: 

 
Are the streets straight or curved? 

 
Are there hills? 

 
Are there barriers? 

 
Are there narrow passages? 

 
Are there bridges? 

 
Are some regions densely connected while others are isolated? 
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This is similar to g(τ). 

 
The person’s movement cannot be fully understood without the geometry of the city. Likewise, the state 
of a physical system cannot be fully understood without the geometry in which that state exists and 
evolves. 

 
In CUWF, this analogy goes one step further. 

 
The city is not fixed. 

 
The geometry itself can evolve. 

 
The streets may bend. 

 
The connections may change. 

 
The density of pathways may increase or decrease. 

 
The landscape may reshape itself as the system evolves. 

 

This is why g(τ) is not a static background. It is an evolving geometric state function. 

 
The system and its geometry co-evolve. 
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One-Sentence Summary 

 

Within CUWF, g(τ) represents the geometric state function describing the evolving geometry of the 
system; it is characterized by geometry parameters such as metric components, curvature, local 

geometric density, and other geometric descriptors, and it co-evolves with X(τ) within the canonical 
evolution of the Gateway Master Equation. 

 

Looking Ahead 

We have now examined two major components of the system-state vector: 

 

X(τ), the state-side description, 

and 

g(τ), the geometry-side description. 

 
Together, they allow the Gateway Master Equation to describe not merely changing states, but states 
evolving within an evolving geometry. 

 
However, the system-state vector still contains a third component: 

 

N_eff(τ) 

 

This term represents the effective degrees of freedom available to the system at evolutionary step τ. 

 



                CUWF Master Equation Guide I                                                   www.cuwfcosmos.com 

 

  

© 2025 CHAYUT TECHASAMRAN 53 

 

If X(τ) tells us what the system-state is, and g(τ) tells us what geometry the system evolves within, then 

N_eff(τ) tells us how many effective channels, modes, or degrees of freedom are dynamically available 
for that evolution. 

 

In the next chapter, we will examine why CUWF requires N_eff(τ), how it differs from ordinary counting 
of variables, and why it plays an essential role in describing the effective complexity of an evolving 
system. 
 


