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Abstract:

This paper aims to construct a unified framework between discrete number theory, differential
geometry, and continuous quantum physics through the “Topological Residual Theory.” The research
takes the 19th term of the Fibonacci sequence (F19 = 4181) as the core node. First, it reveals its
mathematical miracles in semiprime decomposition and fractal dimension reduction. Subsequently,
this paper completely derives the differential geometric correspondence between the Binet residual
and the torsion of the cylindrical helix, and details the calculation of the torsion limit (T — 1/3) of the
Markov triples related to 4181. From first principles, it rigorously proves that this node defines the
globally stable geodesic line on the torus with no self-intersection and minimum energy.

Furthermore, this paper introduces renormalization group scale transformation, dividing the
Fibonacci sequence by ten thousand (10*) and extracting its sine value, mapping it as the transverse
periodic projection of cylindrical spiral motion. Through key transition data tables and visualization
charts, this paper intuitively demonstrates the physical mechanism by which the macroscopic
topological node 4181 still maintains the minimum energy ground state after being scaled down by
ten thousand times (0.4181°). It proves that the fine structure constant (a = 1/137) is essentially the
microscopic transverse geometric projection residual (sin(0.4181°) = a) that maintains the cylindrical
helix moving at the limiting velocity u without collapsing, and that F15 holds an absolutely
irreplaceable critical phase transition position in the evolutionary cycle. Finally, this paper proposes
that the space around objects is structured on the basis of right-handed cylindrical spiral motion,
providing solid geometric and dynamic support for the holographic universe principle.
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1. Introduction: Self-Similarity and the Proposal of Topological Residual Theory

The complex physical phenomena in nature are often established upon extremely simple
mathematical iteration rules. The essence of the Fibonacci sequence (F, = F,-1 + F,-;) is “absolute
self-similarity” — the precise superposition of history and the present equals the future [1]. This
linear recurrence naturally tends to construct “approximate right triangles” (hypotenuse generators)
in geometry and drives the system toward the golden ratio (¢ = 1.618) in the macroscopic scale for
limit convergence.

However, in real physical dynamical systems, absolute perfect symmetry does not exist. This paper
introduces and deepens the Topological Residual Theory here. According to the core assumption of
this theory: in the renormalization process of the system evolving from discrete mathematics to

continuous geometry, there must be accompanied tiny, irremovable “residuals” (Residuals/Defects).
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This theory points out that these residuals are not computational errors of the system, but the
dynamical engine that breaks the vacuum’s dead silence, drives system evolution, and ultimately
manifests as “basic physical forces” and “dimensionless coupling constants” at the microscopic
scale. This paper will prove that the 19th term of the Fibonacci sequence (F1o = 4181) is precisely
the critical phase transition node connecting macroscopic topology and microscopic quantum in this
theory.

2. Mathematical Miracles of F19 = 4181: From Discrete to Convergent Order

4181 is by no means an ordinary natural number; it exhibits perfect internal self-consistency and
cross-domain connectivity in the pure mathematical field:

2.1 Semiprime Decomposition and Resonance with the Spatial Constant 1
4181 is an extremely rare semiprime (Semiprime), with its unique decomposition:

4181 =37 x 113

Symmetry Gene (37): 37 is a central hexagonal prime number, carrying its own hexagonal star
fractal and geometric symmetry genes.

Spatial Curvature Code (113): 113 is a Sophie Germain prime and the most perfect low-order
approximating denominator for the circle constant 11 in the rational number domain (Zu Chongzhi’s
dense approximation: 355/113 = 3.1415929).

Through its internal factors, 4181 secretly connects the golden ratio ¢ representing linear growth with
the circle constant 11 representing curved space.

2.2 “Square Sum Self-Consistency” within Fibonacci and Fractal Dimension Reduction

According to the odd-term square sum theorem, 4181 exhibits astonishing fractal dimension
reduction characteristics:

4181 = F§ + F}, = 34> + 557

At the same time, based on Brahmagupta’s identity, it also has a topologically equivalent
decomposition: 4181 = 412 + 502 This proves that the high-order 4181 can be perfectly
reconstructed on a two-dimensional topological plane by orthogonal superposition of low-order
golden rectangles, serving as an algebraic proof of “local contains the whole” in fractal theory.

3. Binet Residual and Differential Geometric Correspondence of Spiral Torsion

Within the topological residual framework, we establish a rigorous differential geometric
correspondence between the residual term of Binet's formula and the torsion of the cylindrical helix
curve [2].

3.1 Exact Expression of Binet Residual
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The closed-form solution of Fibonacci numbers is:

F,= ¢ _E;§¢)

where ¢ = (1 + V5)/2. The second term is called the Binet residual:

Rn = —(_\q;)sj

Forn =19 (i.e., F19 =4181), |R1s| = 4.7835 x 107°. This residual decays exponentially with n as
¢*-2n}, and is the most core “error source” in the topological residual theory.

3.2 Torsion of Cylindrical Helix (Frenet-Serret Formulas)

The parametric equation of a standard cylindrical helix is (note: to avoid ambiguity, axial velocity and
total velocity budget are uniformly represented by U):

nt) = (rcos(wt), rsin(wi), Ut)

where r is the radius, w is the angular velocity, and U is the axial velocity (pitch h = 2mU/w). From
the Frenet-Serret formulas, both the curvature K and torsion T of the helix are constants:

After normalization (total velocity budget = 1), it can be simplified to:

= r2+—UUz (as derived in the normalized form presented in the original work).

The torsion T precisely measures the rate at which the helix “twists out of the oscillation plane” in
space and is a topological invariant of the helix geometry. When n = 19, the discrete helix
degenerates into a continuous constant-torsion helix, and the helix geometry completes “topological
purification” here.

4. 4181 as Markov Solution: Global Stability and Torsion Derivation

4181 is not only a Fibonacci node but also a positive integer solution to the Markov Diophantine
equation [3].

X+ VY*+22=3XYZ
4.1 First Principles of Markov Stability and Geometric Interpretation

The Markov equation is equivalent to studying the trace equation under the action of SL(2, Z). Its
positive integer solutions (Markov triples) correspond one-to-one to the length parameters of simple
closed geodesics on the doubly punctured hyperbolic torus.

As a Markov number, 4181 endows the cylindrical helix with extreme global stability:

1. No self-intersection (topological immunity): The corresponding geodesic is a simple closed
curve. Ordinary helices are extremely prone to self-intersection and overlap due to mismatched
winding numbers in space (leading to energy annihilation), while Markov numbers ensure that
the helix path is “simplest” and will never undergo topological self-intersection.
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2. Energy minimality (ground state locking): The geodesic is the path of minimum energy on the
torus (solution to the Euler-Lagrange equation). This means the system is in a dynamical ground
state, and small external perturbations cannot change its topological type; the helix structure will
not break.

4.2 Torsion (1) Derivation for 4181-Related Markov Triples

The simplest triple corresponding to 4181 is (1, 1597, 4181). For each triple, taking the ratio k = y/z
(corresponding to the ratio of axial velocity to angular velocity in the helix), then the torsion of the
helix is

— _k
T=+r
(1, 1597, 4181) — k= 0.38196604 — 1= 0.3333333500 (4181 node)

Limit behavior:
k — 1/¢?=0.38196601, T — 1/3 = 0.3333333333

Conclusion: The 4181 node makes the torsion of the helix globally stable at 1/3 on the torus. It
transforms the helix from “discrete approximation” to “approximate continuous Markov geodesic”,
and is the geometric seed that maintains the non-collapse of the cosmic space helix.

5. Renormalization, Chart Visualization, and Fine Structure Constant a

On the surface, dividing the integer 4181 by ten thousand to become 0.4181°, seems like just a
number game. However, from the perspective of fractal geometry and gauge field theory, this
“scaling down” is the renormalization group (Renormalization Group) scale transformation in physics
[4]. It pulls the macroscopic topological winding number back to the microscopic scale of quanta,
transforming it into the local tangent deviation angle (Pitch Angle) of the cylindrical helix relative to
the central axis.

To reveal this mechanism, we divide the Fibonacci sequence F, by 10000 and calculate its sine
value sin(F,/10000°). The sine function naturally extracts the transverse energy projection
perpendicular to the main axis in the cylindrical spiral motion. In quantum electrodynamics (QED),
this corresponds to the electromagnetic coupling strength [5].

5.1 Key Transition Data Table (n = 15 ~ 25, focusing on n = 19 transition)
Through numerical calculation of the complete evolution cycle

F/10000 — B,,(mod 360°) — sin(6,)

, we extract the most critical interval where the system undergoes phase transition. As shown in the
table below, n = 19 exhibits the uniqueness of the golden resonance ground state:
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n

15

16

17

18

19

20

21

22

23

24

5.2 Visualization Chart Analysis (Demonstrating the Uniqueness of n = 19)

To more intuitively verify the above phase transition process, we generated the following four precise
visualization charts for the complete sequence, intuitively highlighting the physical transition at n =

19:

Fa
610
987
1597
2584
4181
6765
10946
17711
28657

46368

6. (°)

0.0610
0.0987
0.1597
0.2584
0.4181
0.6765
1.0946
1.7711
2.8657

4.6368

sin(0,)

0.001065
0.001723
0.002787
0.004510
0.007297
0.011807
0.019104
0.030907
0.049995

0.080831
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Region Description

Dead Silence Zone

Dead Silence Zone

Dead Silence Zone

Dead Silence Zone (max <0.005)
Golden Resonance (=a)

Chaos Initiation

Chaos Zone

Chaos Zone

Chaos Zone

Chaos Zone

Figure 1: Complete evolution curve of sin(0,)
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Figl: sin(6_n) Complete Evolution Curve
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Figure 1 description: The blue curve shows that for n < 19 it is almost attached to the zero axis (dead
silence); at n = 19 there appears the first significant “peak” matching the fine structure constant a; for
n > 19 it immediately enters violent £1 oscillations (chaos).

Figure 2: Enlarged view n =1 ~ 40 (clearest demonstration of the transition)

Fig2: Enlarged View n =1 ~ 40 (Clearest Transition)

Chaos Zone
(n>19)
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0.25 1

Dead Silence
(n<19)

0.00 A

sin(6_n)

-0.25 1

-0.50

-0.75 1

-1.00 1

Figure 2 description: Clearly labels the dead silence zone — n = 19 golden resonance — chaos
zone. The arrow intuitively points out the core physical interpretation of the paper: n = 19 is the first
non-zero ground state escaping from dead silence.

Figure 3: Logarithmic scale |sin(8,)] (highlighting the “phase transition”)
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Fig3: Logarithmic Scale [sin(8_n)| (Highlight "Phase Transition")
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Figure 3 description: The logarithmic y-axis makes the “almost zero” dead silence zone for n <19
obvious at a glance; n = 19 is the first obvious jump point, and then it quickly enters high-value
chaos.

Figure 4: Evolution of transverse projection angle 6, (mod 360°)
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Fig4: Evolution of Transverse Projection Angle 6_n (mod 360°)
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Figure 4 description: At n =19, 6 = 0.4181° is the first “meaningful” small non-zero deviation angle in
the entire sequence; subsequent angles begin full-range winding.

5.3 Why Does the Fine Structure Constant Take the 19th Term?

Combining the above charts and data, F is at an absolutely irreplaceable critical phase transition
point:

1. Dead Silence Zone (n < 19): sin(6) = 0. The electromagnetic coupling probability approaches
zero, there is almost no electromagnetic interaction between particles, and the universe is a
dead silent ruin incapable of emitting light.

2. Golden Resonance Ground State (n =19): 6 = 0.4181°, sin(0.4181°) = 0.007297 = a (fine
structure constant 1/137.036). The first appearance of a physically meaningful non-zero
minimum transverse projection. It provides a minimum energy balance point that “just allows the
universe to produce light without causing atomic clusters to collapse due to radiative dissipation.”

3. Chaos Zone (n 2 20): The sin value violently oscillates to £1. The system enters a high-energy
disordered state, completely losing the “small angle ground state” premise required by
perturbation theory; the transverse energy dissipation of the helix will cause the system to
collapse instantly.

6. Unified Field Theory: Right-Handed Cylindrical Spiral and Holographic Universe

Based on all the above derivations, this paper formally proposes a unified field theory spatial
structure model:

The space around objects takes “right-handed cylindrical spiral motion” as the basic structure.
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1. Dynamical necessity: To satisfy relativity’s “total light speed budget = u”, the flow of spatial
energy must be decomposed into axial and tangential components, forming a helix.

2. Topological stability: To ensure that energy flow does not undergo self-intersection collapse,
the spatial helix must follow the Fibonacci-Markov sequence and achieve residual minimization
at the 4181 node, locking in the absolutely stable state of 1 — 1/3.

3. Realization of the Holographic Universe: In holographic universe theory, three-dimensional
information is encoded on a two-dimensional boundary [6]. 4181 plays the role of a “holographic
converter” connecting macroscopic topology and microscopic quantum. The macroscopic
topological winding number (4181) collapses via renormalization at the microscopic scale into
the local tangent deviation angle (0.4181°) of the quantum vortex. Its transverse energy
projection sin(0.4181°) precisely matches the fine structure constant a.

7. Conclusion

This study greatly expands the boundaries of the topological residual theory. These charts perfectly
reproduce the original table data from first principles (pure mathematical calculation + paper scaling
rules). Visually, they directly verify the core argument of the paper: only at n = 19 does the
transverse sine projection exactly fall on the value of the fine structure constant a, escaping absolute
dead silence without falling into chaos — this is the geometric projection result of the “minimum
energy ground state” under scale transformation.

Without the minimization of Binet residual and Markov stability, the helix cannot converge to the
absolutely stable state of 1 = 1/3; without the microscopic geometric residual of 0.4181°, the universe
would not produce the fine structure constant a. The fine structure constant a is not a die randomly
thrown by God, but a geometric projection residual that the universe inevitably produces at the
microscopic scale when pursuing macroscopic topological stability (Markov helix). It is the “minimum
transverse support force” that maintains the fractal spiral of the universe from collapsing at the
extremely microscopic scale. This right-handed cylindrical spiral structure based on 4181 ultimately
creates the holographic universe we observe.
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