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Vector Cosmology: The Recursive Decomposition from The One


Preface: In Search of the Missing Geometry

We are at a perplexing moment in the history of physics.

Over the past century, we have built two magnificent towers: one is General Relativity, which describes the grand dance of galaxies and gravity with curved spacetime geometry; the other is Quantum Mechanics, which describes the microscopic transitions of atoms and photons with probability wave functions. These two towers have each achieved remarkable success in their domains, but between them lies an unfathomable chasm.

The sharpest contradiction centers on the understanding of “time”.

In quantum mechanics, time is an external parameter, the ticking clock on the laboratory wall that coldly records the evolution of wave functions. In relativity, time is dynamic and local; each observer possesses their own private “proper time,” stretching and contracting with motion state and gravitational fields. Moreover, in scattering theory, time transforms into phase delay that varies with energy; in thermodynamics, time becomes the irreversible arrow of entropy increase.

Facing this “multiplicity of time,” we cannot help but ask: Does the universe really need so many different clocks to maintain its operation? Or are these seemingly contradictory concepts of time actually projections unified by some deeper geometric structure?

This book—Vector Cosmology—was born to answer this question.

Our starting point is an extremely simple yet profoundly subversive assumption: There is only one time in the universe, and that is the geometric arc length in projective Hilbert space.

We model the universe as a single pure state vector |Ψ⟩|\Psi\rangle moving in infinite-dimensional quantum state space. In this abstract geometric space, we introduce a core axiom: the universe’s evolution is constrained by a constant “capacity”—we call it Fubini-Study (FS) Capacity (cFSc_{FS}).

Based on this single axiom, we no longer need to assume constant light speed or curved spacetime. All physical laws naturally emerge from this vector’s “recursive orthogonal decomposition”:


	Special Relativity is no longer the foundation of mechanics but a budget allocation scheme for information processing capacity: external motion (vextv_{ext}) and internal evolution (vintv_{int}) share the same cFSc_{FS} budget. Time dilation is merely the inevitable scarcity after budget misappropriation.


	Matter is no longer a hard entity but topological knots tied by wave functions in energy space. We will see how Levinson’s theorem links particle existence to counting the circle constant π\pi.


	Causality is no longer a metaphysical assumption but the maximum signal propagation speed of the underlying microscopic engine—Quantum Cellular Automaton (QCA)—operating on discrete lattices.




This book is not merely an attempt at grand unification in physics; it is a philosophical journey of “disenchantment” of physics.

We will discover that the “uncertainty” that has long troubled us is actually the perspective limitation that observers, as subsystems within the universe, necessarily face; that cruel “thermodynamic arrow” is actually the geometric inevitability of information escaping toward the high-dimensional environment sector (venvv_{env}) we cannot reach.

Ultimately, all these derivations lead us to that ancient Eastern wisdom: The Dao is the Circle. All phenomena in the universe are merely holographic projections of that unique, eternally rotating vector after countless self-divisions.

I invite you to set aside your inherent preconceptions about “particles” and “fields” and follow us into this pure geometric world constructed by the FS metric. Here, there is only one entity—the vector; only one law—conservation; only one destiny—return.

This is Vector Cosmology. Let us begin from that undivided “One.”







Prologue: The Wuji


The One Vector

We are accustomed to viewing the universe as a collection of fragments.

In the traditional physical picture, the universe resembles a vast Lego model. We are told that the world is constructed from countless tiny fundamental particles—quarks, electrons, photons—stacked like bricks. If you disassemble these bricks, you obtain emptiness; if you reassemble them in another way, you obtain stars, bacteria, or yourself. From this reductionist perspective, “many” is the essence, and “one” is merely the result of aggregation.

However, this intuition is wrong. It is not only philosophically unsatisfying but also mathematically negated by the deepest structures of quantum mechanics.

This book will proceed from a diametrically opposite axiom: The universe is not composed of parts; the universe is an indivisible whole.


The Solitary Walker in Hilbert Space

If we are to describe this whole in the most precise mathematical language, then the ontological status of the universe is not countless mass points scattered in three-dimensional space, but a single mathematical object inhabiting Projective Hilbert Space (P(ℋ)P(\mathcal{H})).

We call it: The Global Pure State Vector (|Ψ⟩|\Psi\rangle).

Imagine a space with infinite dimensions. In this space, each dimension does not represent a physical direction (such as length, width, height), but rather the “amplitude” of a possibility. This is the stage of quantum mechanics—Hilbert space. Here, the entire universe—including all galaxies, all atoms, all histories of past and future—is collapsed into a single, isolated data point.

This point is |Ψ⟩|\Psi\rangle.

It is not a mixture pieced together from countless sub-wave functions ψ1,ψ2,…\psi_1, \psi_2, \dots. At the most fundamental level, it is a single, coherent whole. Only when we attempt to “measure” it, or view it through our limited perspective via specific Orthogonal Bases, does it fragment into countless particles and fields in our observations.

This is like a beam of pure white light that, after passing through a prism, is decomposed into a seven-color spectrum. We, as observers inside the prism, are fascinated by the brilliance of red, yellow, and blue, yet forget that they all essentially originate from the same beam of light. The “particles” in physics are merely projections of this white light (vector) onto different frequency cross-sections.




The Axiom of Existence

Based on this, we establish the first cornerstone of this book—The Axiom of Existence:


There exists only one vector in the universe. All physical reality is a projection of this vector onto different orthogonal subspaces.



This means that when you look at the book in your hand, what you see is not paper composed of atoms. What you see is the component of that unique |Ψ⟩|\Psi\rangle projected onto the “paper sector.” When you gaze at the stars, what you see is not distant stars, but the same |Ψ⟩|\Psi\rangle projected onto the “gravitational sector.” Even when you think about the concept of “I,” that thinking consciousness is merely an echo of |Ψ⟩|\Psi\rangle projected onto an extremely complex “internal computation sector.”

This vector has no position, because it is itself the collection of positions; it has no moment, because it contains all time. It is the absolute “one.”

In the philosophical context of the East, this is called “Taiji” or “Dao.” In Spinoza’s philosophy of the West, this is called “Substance.” And in the Vector Cosmology we are about to unfold, this is the logical starting point for all physical derivations.

Since the universe is only this one vector, why do we experience change? Why does time flow? Why is there a distinction between light and matter?

This leads to our next question: What properties does this vector, stationary in the void, possess? Its only property is its potential to “rotate.” The magnitude of this potential determines the total cost of generating all things in the universe. We call this—the constant budget.






The Constant Budget

In the previous section, we established the ontological status of the universe: a solitary vector inhabiting projective Hilbert space. However, if this vector were merely stationary, we would have a dead, eternally unchanging universe—no time, no events, and no existence of you or me.

To give birth to a world full of vitality, this vector must move. It must trace a trajectory through the ocean of possibilities.

This leads to the most fundamental dynamical axiom of this book: the evolution of the universe is not arbitrary; it is subject to an extremely strict intrinsic constraint. This constraint is not an external law, but the system’s own “factory settings.” We call it the Fubini-Study Capacity, denoted as cFSc_{FS}.


The Measure of Change: The Fubini-Study Metric

In the projective Hilbert space P(ℋ)P(\mathcal{H}) where this vector resides, how do we define “change”?

In Euclidean space, the distance between two points is a straight line. But in the space of quantum states, the distance between two points (two physical states) is determined by the “angle” between them. This is the famous Fubini-Study (FS) metric. If two states are very similar, their angle on the sphere is small; if two states are completely orthogonal (such as “life” and “death,” “0” and “1”), the FS distance between them reaches its maximum.

The flow of time is essentially the arc length traced by the vector in this curved geometric space.




The Constant Speed Axiom: The Heartbeat of the Universe

Now, we introduce the most revolutionary setting:


The evolutionary trajectory of the universe is uniform under the FS metric.



No matter how violent the explosions, collapses, or accelerations we observe in the macroscopic world, in the underlying Hilbert space, the vector |Ψ(τ)⟩|\Psi(\tau)\rangle representing the entire universe always rotates at a constant rate. This rate is cFSc_{FS}.

In mathematical language, this axiom is written as:

||Ψ̇(τ)||FS=cFS||\dot{\Psi}(\tau)||_{FS} = c_{FS}

where τ\tau is intrinsic time.

What exactly is this cFSc_{FS}?

It is not the familiar speed of light cc (though we will see in later chapters that they have a profound connection). The speed of light cc is a limit on movement in space (meters/second), while cFSc_{FS} is a limit on information updates (bits/second, or hertz). It has the dimension of “frequency” or “energy”.

You can think of cFSc_{FS} as the universe’s “Global Clock Speed”. Just as a computer’s CPU has a locked maximum frequency, this supercomputer called the universe has a definite upper limit on the total number of qubits it can flip in each instant.




The Total Budget of Change

The existence of this constant cFSc_{FS} fundamentally changes our understanding of physical laws. It means that physics is essentially an “economics”.

cFSc_{FS} is the universe’s Total Budget.

Every physical process in the universe—whether it’s the spin of an electron, the flight of a photon, or the firing of neurons in your brain—consumes this budget. Since the total amount cFSc_{FS} is fixed, this is a zero-sum game:


If you consume too much rate of change in one place, you must reduce change in another.



This is the concept of the “Information-Velocity Budget”. It explains why physics is full of conservation laws and trade-offs. When an object tries to move too fast in space (consuming too much external budget), it must sacrifice its internal time flow (reducing internal budget), which is the deep root of time dilation in special relativity.




Dao is the Circle

What does a constant rate mean geometrically?

Imagine a point moving on paper. If its speed varies, its trajectory may be chaotic. But if it is forced to move at a constant speed and subject to some centripetal constraint, the most natural and perfect trajectory is a circle (or a higher-dimensional hypersphere).

cFSc_{FS} defines the radius and rotation rate of this circle.

Here, we again see the shadow of Eastern philosophy. “Dao” is described as circulating without ceasing, independent and unchanging. This underlying vector of the universe is performing an eternal, perfect circular motion. It neither increases nor decreases, neither generates nor perishes.

All generation and destruction are not changes in the circle itself, but rather the result of us, as observers, “slicing” this perfect circle into different fragments.

At this point, the stage is set. We have a unique vector (the actor) and a constant budget cFSc_{FS} (the length of the script). Next, the great drama of creation is about to begin. To create the rich diversity of all things, this “one” must break its own perfection and begin the first painful and great “division”.









In the Beginning was the Circle

On the first day of creation, there was no light, no matter, not even space. Only that single, eternally rotating circle.

In the prologue, we established that unique vector |Ψ⟩|\Psi\rangle and its constant change budget cFSc_{FS}. As long as this vector merely rotates as a whole in the void, the universe is perfect, symmetric, but also monotonous. To produce the world full of differences that we perceive—heaven and earth, motion and stillness, fast and slow—this perfect circle must break its own integrity.

It must make a choice: to tear itself apart.

This chapter will tell the story of the universe’s original trauma, the moment when physics was born. We will witness how this “one” transforms into “two” through geometric orthogonal decomposition, thereby establishing the most fundamental rules of the game in the macroscopic physical world.


The First Orthogonal Decomposition

The word “decomposition” may sound abstract in physics, but in our Vector Cosmology, it has the most intuitive geometric meaning.

Imagine an arrow pointing toward the sky (representing a vector). We can decompose the direction of this arrow into “northward component” and “eastward component.” This operation does not change the arrow itself, but for observers living in the two different worlds of “north” and “east,” they see two completely different phenomena.

The creation of the universe is such a process of orthogonally projecting the omnipotent cFSc_{FS}. We define this division as the First Orthogonal Decomposition: splitting the universe’s total rate of change into external motion (vextv_{ext}) and internal evolution (vintv_{int}).


The Tearing of Dimensions: External and Internal

Mathematically, this process manifests as the splitting of the tangent space (T[ψ]P(ℋ)T_{[\psi]}P(\mathcal{H})) of projective Hilbert space. We decompose the global tangent vector ψ̇\dot{\psi} into two mutually perpendicular components:

|ψ̇⟩=|ψ̇ext⟩+|ψ̇int⟩|\dot{\psi}\rangle = |\dot{\psi}_{ext}\rangle + |\dot{\psi}_{int}\rangle

These two components must be orthogonal under the Fubini-Study metric, meaning there is no interference term between them, and they can be independently distinguished.

This is not merely a mathematical game; it is the binary origin of physical reality:


	
External Sector (vextv_{ext}):

This is the projection of the vector onto the eigen-direction of the “position” or “space” operator.

When the universe invests budget in this sector, we observe displacement, momentum, and propagation. It is explicit, visible, macroscopic. In Chinese philosophy, this corresponds to “Yang”—the moving, external force.



	
Internal Sector (vintv_{int}):

This is the projection of the vector onto the eigen-direction of the “structure” or “intrinsic property” operator.

When the universe invests budget in this sector, objects do not move in space, but their internal quantum states are flipping violently. We observe mass, spin, and charge. It is implicit, still, microscopic. This corresponds to “Yin”—the still, internal essence.








The Zero-Sum Contract

Since cFSc_{FS} is a constant total budget, this decomposition immediately brings a cruel but fair consequence: You cannot have everything at once.

In Euclidean geometry, if the hypotenuse (total budget) of a right triangle is fixed, then the two legs (components) must be in a competitive relationship where one increases as the other decreases. This is the cosmological echo of the Pythagorean theorem:

vext2+vint2=cFS2v_{ext}^2 + v_{int}^2 = c_{FS}^2

This formula is one of the most important cornerstones of this book. It tells us that motion (Space) and matter (Matter) in the universe are not two independent entities; they are two different ways of consuming the same cFSc_{FS} budget.


	If you want to move fast in space (increase vextv_{ext}), you must reduce internal evolution (decrease vintv_{int}).


	If you want to have enormous mass and complex internal structure (maintain high vintv_{int}), you must inevitably become sluggish in space (suppress vextv_{ext}).




This is the cosmic order established by the first division. The universe is no longer a chaotic whole but has become a vast trading market. Every particle, every galaxy, determines its physical destiny by adjusting its projection angle in the “external” and “internal” sectors.

And in this game, the most extreme case is that existence which abandons all “internal”—light. This will reveal all the secrets of relativity in subsequent chapters. But before that, we need to understand that this first division not only created space but also created the deepest contradictions and harmonies in physics.






The Pythagorean Echo of the Universe

The moment we tear the universe apart into “internal” and “external,” we are actually establishing a coordinate system on the tangent space of projective Hilbert space. Although this operation endows the universe with structure, it immediately shackles it with an inescapable constraint.

The name of this constraint is geometry.

When we gaze at the most fundamental equation governing spacetime and matter, we are surprised to discover that it is actually the sacred echo of the oldest theorem we learned in elementary mathematics—the Pythagorean theorem—in the quantum dimension.


The Cost of Perpendicularity

Why must the universe obey conservation laws? Why can’t we simultaneously have infinite speed and infinite mass? The answer lies hidden in the Riemannian structure of the Fubini-Study metric.

The Fubini-Study metric is the unique natural Riemannian metric on projective Hilbert space. In this geometric space, if we decompose a tangent vector |ψ̇⟩|\dot{\psi}\rangle into two orthogonal components |ψ̇ext⟩|\dot{\psi}_{ext}\rangle and |ψ̇int⟩|\dot{\psi}_{int}\rangle, then according to the fundamental properties of Riemannian geometry, the lengths of these components and the total length must satisfy a sum-of-squares relationship.

This is not a choice of physical law; it is a logical necessity. As long as we acknowledge that “external motion” and “internal evolution” are independent degrees of freedom that do not interfere with each other (orthogonal) by definition, they must obey the following Pythagorean constraint:

||ψ̇(τ)||FS2=||ψ̇ext(τ)||FS2+||ψ̇int(τ)||FS2||\dot{\psi}(\tau)||_{FS}^2 = ||\dot{\psi}_{ext}(\tau)||_{FS}^2 + ||\dot{\psi}_{int}(\tau)||_{FS}^2

Substituting the rates we defined earlier, we obtain the first iron law governing macroscopic physics—The FS Capacity Identity:

vext2+vint2=cFS2v_{ext}^2 + v_{int}^2 = c_{FS}^2




The Geometric Origin of Conservation Laws

This seemingly simple formula a2+b2=c2a^2 + b^2 = c^2 is actually the common ancestor of all conservation laws in the universe.

In physics textbooks, we are accustomed to discussing energy conservation, momentum conservation, or probability conservation separately. But from the perspective of Vector Cosmology, these are all special cases of the above geometric identity.

It reveals a profound truth to us: The universe does not create or destroy anything in this instant. It is merely performing a constant rotation.

We call this formula the “Information-Velocity Budget”. cFSc_{FS} is the “existence budget” that the universe bestows upon every physical system. This budget not only represents energy but more importantly represents “Distinguishability”—the system’s ability to change its own state.


	vextv_{ext} (External Velocity): This is the budget the system uses to create distinguishability in spatial position. When we say an object “moved,” we actually mean that the projection of its wave function onto the spatial basis has shifted.


	vintv_{int} (Internal Velocity): This is the budget the system uses to create distinguishability in internal structure. When we say an atom “exists,” we mean that its internal phase is rotating violently, maintaining its uniqueness in the flow of time.




This identity tells us that these two share the same account. You cannot increase external expenditure without withdrawing internal investment. This is why it is the “Pythagorean echo”—over two thousand years ago, the ancient Greeks discovered that the hypotenuse of a right triangle locks the fate of the two legs; today, we discover that the geometry of Hilbert space locks the fate of spacetime and matter.




The Bridge to Relativity

This geometric identity not only explains conservation; it is also a direct bridge to special relativity.

If we correspond vextv_{ext} to the familiar spatial velocity vv, and cFSc_{FS} to the speed of light cc, then this Pythagorean relationship v2+vint2=c2v^2 + v_{int}^2 = c^2 becomes:

vint=c2−v2=c1−v2c2v_{int} = \sqrt{c^2 - v^2} = c \sqrt{1 - \frac{v^2}{c^2}}

Here, 1−v2/c2\sqrt{1 - v^2/c^2} is precisely the prototype of the relativistic factor 1/γ1/\gamma.

This discovery will be detailed in Chapter 2, but here we must grasp its philosophical magnitude: Time Dilation in relativity is not because spacetime bends like rubber, but because the Pythagorean theorem forces the legs to shorten. When we project more of the hypotenuse (total budget) onto the “spatial axis,” the length projected onto the “internal time axis” must necessarily decrease.

So, Einstein did not invent relativity; he merely discovered that the universe is a standard great circle, and the speed of light cc is just the geometric limit of this circle’s projection onto the external world.

In the beginning was the circle, and this Pythagorean echo is the first thunder of creation. It announces the end of absolute freedom and the birth of physical laws.
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