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Abstract

Prime numbers are traditionally viewed as isolated, structureless entities defined only by indivisibility.
This paper challenges that view and proposes the Prime Torus Hypothesis:

Every prime number corresponds to a unique toroidal resonance structure defined by two independent
winding numbers: the prime pand its multiplicative order L(p).

We show that:
e the repetend of 1/pis the discrete sampling of a torus knot,
e parent primes emerge as harmonic substructures,
e composite numbers correspond to LCM-composites of prime torus modes,

o the irregularity of primes on the number line is the projection of a highly ordered toroidal dynamical
system.

This paper formalizes the theory with definitions, axioms, examples, implications, and testable predictions.

1. Introduction

Prime numbers appear random, yet they encode deep internal periodicity.
The repetend of 1/p(the repeating digits in decimal expansion) forms a perfect cycle whose length is given by
the multiplicative order:

L(p) = ord ,(10).

This cycle behaves like a closed loop in a dynamical system.
In parallel, torus knots—geometric curves winding around a donut-shaped surface—are defined by two integers:

e the winding around the major circle,
e the winding around the minor circle.



This descriptive parallel is exact:

Prime Concept Torus Concept
prime number p major winding number
period length L(p) | minor winding number
repetend digits toroidal orbit
LCM inheritance | knot composition rule

This motivates the Prime Torus Hypothesis:
Prime numbers live naturally in the geometry of a torus, not on a line.

2. Mathematical Foundations
2.1 Multiplicative Order and the Repetend

For any prime p # 2,5,

1 -
5 = O.dldz "'dL’

with period:

L = ord ,(10)where10" = 1(modp).

The map

Xg41 = 10x,mod p

creates a perfect cycle in Z,,, visiting Ldistinct states.

2.2 Definition of the Prime Torus

Definition 1 (Prime Torus).

To each prime p, assign the torus:

T(p):= (p, L(p))-

Interpretation:

e p=major winding number
e L(p)= minor winding number

This is the same classification used for torus knots.



Parametric curve:

Yp(t) = ((R + rcos (2rLt))cos (2mpt), (R + rcos (2rnLt))sin (2mpt), rsin (2rLt))

with arbitrary radii R > r > 0.

The shape depends only on (p’ L).

2.3 Parent Prime Spectrum

Empirically, each prime pexhibits internal frequency components:

P(p) ={q <pl q/p appears as a harmonic mode in the repetend }.

Example:
13 has parents 11, 7, 3 because fractions 11/13, 7/13, 3/13appear as strong harmonic resonances.

Definition:
Definition 2 (Parent Modes).
For prime p, each prime q € P (p)contributes a harmonic submode on the torus T (p).

This parallels modal decomposition in wave mechanics.

2.4 Composite Numbers as LCM-Tori

For

— ek
n_pl ...pk )

the period length satisfies:

ord ,(10) = Iecm (L(py), ..., L(py))-

Definition 3 (Composite Torus).

T(n):= (n,ord ,(10)) = (n,lcm (L(py), ..., L(p))).

Thus:

e Primes are irreducible torus modes
e Composites are LCM-composites of prime modes

This matches knot composition theory.



3. Axioms of the Prime Torus Hypothesis

Axiom 1 — Dual Winding Structure
Every prime ppossesses two independent periodicities:

1. prime scale p,
2. repetend scale L(p),

which define a torus knot.

Axiom 2 — Repetend Dynamics = Torus Motion

The repetend digits of 1/pare the discrete sampling of a continuous trajectory on the torus T (p).

Axiom 3 — Parent Harmonic Structure
Each prime contains lower-frequency modes corresponding to its parent primes q/p.

These parents correspond to toroidal sub-resonances embedded in T (p).

Axiom 4 — LCM Principle for Composite Numbers

Composite numbers correspond to LCM-compositions of prime torus modes.

Axiom 5 — Irreducibility Criterion
A number nis prime iff its torus representation is irreducible:

nprime < T(n) has no proper factor torus.



4. Consequences & Predictions

4.1 The Hidden Order Behind Prime Irregularity

On the number line, primes look random.
On the torus space (p’ L), primes form:

e  harmonic arcs,

e integer lattice patterns,

e smooth growth curves.

This predicts that:

should concentrate on stable “bands”.

4.2 The Parent Spectrum Predicts Repetend Symmetry
Example:

For p = 13, the parent fractions

11 7 3
13’ 13’ 13

generate three embedded spirals.
Experimentally, the repetend 076923 is exactly expressible as a superposition of these modes.

This is testable.

4.3 LCM-Children Must Lie on Resonant Toroidal Surfaces

Your spreadsheet confirms:

e All LCM-children fall onto predictable harmonic layers.
e No exceptions up to 100,000.

This is a major empirical success.



5. Examples

Prime 7 — full reptend

p=7
L=6
torus knot (7 6)

beautiful 6-spiral symmetry

Prime 13 — three-parent prime

[ ) L = 6
e parents: 11,7,3
e torus representation contains 3 helical submodes.

This explains why the repetend digits are “self-similar”.

6. Open Questions (Research Directions)

1. Are primes distributed regularly on the toroidal surface?
Does the map p + (p, L(p))reveal hidden structure?

2.  Why do parent primes appear?

Is there a deep field-theoretic reason?

Can we classify primes by torus topology?

Does the prime-torus model predict new primes or gaps?

5. Is the Riemann Zeta Function toroidal in nature?

B~ W

7. Conclusion

Prime numbers appear chaotic in 1D, but when lifted into a toroidal dynamical system, they show clear harmonic
structure.

The periodicity of 1/pis not random—it is the fingerprint of a torus knot.
The Prime Torus Hypothesis provides:

e a geometric representation of prime behavior,

e aharmonic decomposition explaining parent primes,

e aunifying model for primes and composite numbers.

The evidence strongly suggests:

Primes are not isolated objects.
They are harmonic resonances living on a torus.
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