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Abstract

The Recursive Harmonic Codex (RHC) and the 19-Layer Quaternion Vacuum Model (19LQVM)
have been developed as theoretical frameworks for understanding the layered organisation of
physical reality. This paper demonstrates that both frameworks are projections of a single
underlying mathematical structure: the nilpotent quaternion operator formalised by Peter Rowlands
in his Universal Rewrite System. The RHC approaches this structure from the ontological side —
deriving harmonic recursion from the minimal duality of existence and non-existence. The
19LQVM approaches it from the geometric side — deriving stable organisational layers as
quaternion eigenstates of the vacuum. The harmonic modes of the RHC are formally isomorphic to
the quaternion eigenvalues of the 19LQVM. The empirically observed layers are stable solutions
within this physical system, not axiomatically fixed constraints. Empirical anchoring is provided
through sixty years of U.S. occupational data (Census Bureau 1960-2010, O*NET database), which
reveals the same discrete coherence transitions in the evolution of human work that the model
predicts across all scales.

1. Introduction

Two research programmes have converged on a structurally similar description of reality as a
recursively organised hierarchy of coherence states.

The Recursive Harmonic Codex (RHC) proposes that reality is generated through recursive
harmonic resonance across scales. Its ontological foundation is minimal: the binary distinction
between is and is not, and the ratios between these states. Stable ratios form resonant structures;
resonant structures recursively generate higher-order resonances; complexity emerges through
nested harmonic stabilisation.

The 19-Layer Quaternion Vacuum Model (19LQVM, Konstapel 2025-2026) proposes that the
vacuum possesses intrinsic recursive structure expressible in quaternion mathematics. Stable
organisational layers — from quantum fluctuations through matter, life, cognition, and culture —
emerge as quaternion eigenstates of a recursively self-organising field. The number of empirically
identifiable layers is a result of observation, not an axiomatically fixed constraint.

The central claim of this paper is that these two frameworks are complementary projections of the
same underlying operator: the nilpotent quaternion constraint N2 = 0, as formalised in Rowlands'
nilpotent quantum mechanics. The RHC provides the ontological generator; the 19LQVM provides
the geometric structure. Together they form a unified account of how discrete stable layers emerge
from a continuous recursive field.



2. The Shared Foundation: Nilpotent Quaternion Structure

2.1 Rowlands' nilpotent constraint

Rowlands' Universal Rewrite System (2007; 2017) demonstrates that a compact operator generates
the full structure of quantum mechanics — spin, charge, mass, the Dirac equation — without ad hoc
assumptions. The nilpotent quaternion operator takes the form:

$$\mathbf{N} = (iE + \mathbf{p}\cdot\boldsymbol{\sigma} + im)$$
with the constraint:

$$\mathbf{N} \cdot \tilde{\mathbf{N}} = 0 \qquad \Longleftrightarrow \qquad (EA2 - pA2 - mA2) =
0$$

This is the mass-shell condition of special relativity, here derived purely from the algebra of
quaternions. The condition is not imposed externally. It follows necessarily when a state acts on its
own dual. The product of a state and its complement is zero: being and non-being annihilate. This is
the mathematical expression of self-referential closure.

2.2 Explicit derivation of the wave operator

Beginning with the quaternion basis {1, 1, j, k} satisfying i? = j2=k? = —1 and ij = k, the general
nilpotent state vector is:

$$N\psi\rangle = (iE,\mathbf{1} + ip_x \mathbf{i} + ip_y,\mathbf{j} + ip_z \mathbf{k} + m,
\mathbf{1})\phi\rangle$$

Applying the nilpotent condition directly:

$$\langle\tilde\psil\psi\rangle = (-iE + \mathbf{p}\cdot\boldsymbol{\sigma} - m)(iE + \mathbf{p}
\cdot\boldsymbol{\sigma} + m)\phi\rangle = 0$$

Expanding:
$$\bigl[(-iE)(iE) + (-iE)(m) + (-m)(E) + \mathbf{p}A2 - mA2\bigr]\phi\rangle = 0$$
$$\bigl[EA2 - pA2 - mA2\bigr]\phi\rangle = 0$$

This is the Klein—Gordon equation, the relativistic wave equation, derived from the nilpotent
algebra alone. No additional postulates are required. The wave-like propagation of fields is
therefore not an assumption of the framework but a consequence of the minimal duality condition.

2.3 Structural identity with the RHC's ontological foundation
The RHC's foundational axiom — there is just "is" and "is not" and their ratios — is structurally
identical to the nilpotent constraint. Where the RHC states this ontologically, Rowlands states it

algebraically. The nilpotent condition N-N = 0 is the mathematical formalisation of the minimal
duality from which the RHC derives all subsequent structure.

RHC formulation Nilpotent algebra
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2.4 Maxwell's quaternion formulation as physical prototype

Maxwell originally formulated electromagnetism in quaternion mathematics. Heaviside reduced the
equations to three-dimensional vectors, discarding the scalar component. Vernon Robinson's
Structural Electrodynamics demonstrates that this discarded scalar component behaves as gravity.
The nilpotent framework recovers this structure automatically: the full quaternion operator includes
the scalar (temporal) component that Heaviside's truncation removed. Both the RHC and 19LQVM
therefore represent a return to Maxwell's original formulation, extended recursively across scales.

3. The RHC Derivation: Harmonic Recursion from Nilpotency

3.1 From the wave equation to resonance modes

Section 2.2 showed that the nilpotent condition generates the Klein-Gordon wave equation. The
general plane-wave solution is:

$S\psi(x,t) = \psi_0, er{i(kx - \omega t)}, \qquad \omegar2 = kA2 + mA2$$

For a bounded or recursively self-referential system — one in which the wave acts on its own
output — boundary conditions select discrete solutions. The standing-wave condition requires:

$$\omega_n = n \cdot \omega_0, \qquad n \in \mathbb{N}+$$

This is the RHC's Axiom 2 expressed mathematically: stable relations form resonant structures at
integer multiples of a fundamental frequency wy.

3.2 Recursive harmonic nesting

Each stable mode w_n can itself become the ground frequency for the next level of self-referential
closure:

$$\omega_nr{(k+1)} = n \cdot \omega_07{(k)}$$

This generates a nested hierarchy of harmonic attractors — the formal expression of the RHC's
Axiom 3. The hierarchy is open: there is no axiomatically fixed upper bound. The observable levels
depend on the physical boundary conditions of the system under study.

3.3 Coherence attractors



Each stable level in the harmonic hierarchy is a coherence attractor: a configuration to which the
field returns after perturbation. The energy of each attractor scales as:

$$\mathcal{E}_n \sim \hbar\omega_n = n\hbar\omega_03$$

Higher attractors are more energetically costly to maintain and require greater organisational
complexity. This is consistent with the empirical observation that higher layers in the 1I9LQVM
emerge later in cosmic evolution and change on shorter timescales.

4. The 19LQVM Derivation: Eigenstate Structure from
Nilpotency

4.1 The vacuum as quaternion eigenspace

The 19LQVM proposes that the vacuum possesses intrinsic recursive structure. Formally, stability
at recursion level n is defined by the quaternion eigenvalue problem:

$$\mathbf{Q}_n \cdot \psi = \lambda_n \cdot \psi$$

where Q_n is the quaternion operator at level n and A_n is the corresponding eigenvalue. Each
stable eigenvalue defines a coherence domain — a region of the field in which self-consistent
organisation can persist.

4.2 Explicit eigenstate construction

Step 1 — The base operator. At level n = 1, the nilpotent generator acts on the four-dimensional
quaternion algebra spanned by {1, 1, j, k}. In matrix representation over C2, the quaternion units are
realised as the Pauli matrices:

$\mathbf{i} \mapsto i\sigma_x, \quad \mathbf{j} \mapsto i\sigma_y, \quad \mathbf{k} \mapsto
i\sigma_z$

The level-1 operator is:

$\mathbf{Q}_1 = iE \mathbf{1} + \mathbf{p}\cdot\boldsymbol{\sigma} + im,\mathbf{1} =
\begin{pmatrix} iE + im & p_x - ip_y \ p_x + ip_y & iE - im \end{pmatrix} + p_z\begin{pmatrix}
1&0\0&-1\end{pmatrix }$

The nilpotent condition Ql-()l =0 with (~)1 = —iE-1 + p-o — im-1 yields:

$\mathbf{Q}_1 \cdot \tilde{\mathbf{Q}}_1 = (E*2 - Nmathbf{p}I"2 - mA2) \mathbf{1} = 0$

The eigenvalues of Q; at the stability surface E? = p> + m? are:

$\lambda_I1A{\pm} = \pm\sqrt{\mathbf{p}I"2 + mA2} =\pm E$

These are the two energy eigenstates of a free relativistic particle — particle and antiparticle. The
discrete spectrum at level 1 contains exactly two stable coherence solutions.

Step 2 — Recursive tensor extension. At level n, the operator is constructed as the tensor product
of n copies of the base operator, each acting on its own quaternion factor space:



$\mathbf{Q}_n =\mathbf{Q}_12{(1)} \otimes \mathbf{Q}_12{(2)} \otimes \cdots \otimes
\mathbf{Q}_12{(n)}$

This acts on a Hilbert space of dimension 2". The nilpotent condition extends naturally:

$\mathbf{Q}_n \cdot \tilde \mathbf{Q}}n = \bigotimes{k=1}{n} \left(\mathbf{Q}_14{(k)} \cdot
\tilde{\mathbf{Q1}}_1A{(k) Nright) = 0$

since each factor vanishes on the stability surface. The stability condition at level n is therefore:
$\det\left(\mathbf{Q}n - \lambda_n \mathbf{1}{2n}\right) = 0$

Step 3 — The eigenvalue spectrum. The eigenvalues of Q_n are all products of n level-1
eigenvalues A1 (£):

$\lambda_nA{(s)} = \prod_{k=1}*{n} \lambda_1A{(\pm_k)}, \qquad s \in {+,-}"n$

The distinct energy scales at level n — the physically distinguishable coherence domains —
correspond to the distinct absolute values IA_n”(s)l. For a system with characteristic momentum
scale po and mass m, these are:

$Nlambda_nl = \left(\sqrt{p_022 + m 2 }\right)*n = E_0*n$

The energy of the n-th coherence layer scales as Eg raised to the power n. This is an exponential
hierarchy of energy scales, one per level of recursive self-application.

Step 4 — Hermiticity and reality of the spectrum. Under the quaternion inner product {(\plp>_H =
Re({-¢), the operator Q_n is self-adjoint when restricted to the stability surface. The eigenvalues
A_n are therefore real, guaranteeing that physically stable layers correspond to real energy scales —
not to complex or imaginary solutions, which would represent decaying or unstable configurations.

Step 5 — The stability criterion. A coherence layer at level n is stable if and only if:
$N\mathbf{Q}_n \cdot \psi - \lambda_n \psil < \epsilon_n$

where €_n is the coherence tolerance at level n, scaling as:

$\epsilon_n \sim er{-\alpha n}$

This means that higher layers require increasingly precise tuning of the field configuration to
maintain stability — consistent with the observation that higher organisational layers are rarer, more
fragile, and more recent in cosmic evolution. The exponential decay of €_n also explains the
exponential compression of the timescales T(n) = Ty eA(—an): a layer with tighter stability tolerance
equilibrates faster when perturbed.

Summary of the eigenvalue structure:

Level (?peratoor Coherence domain Energy Stability
n dimension scale tolerance
1 Quantum field (particle/ E
antiparticle) 0 EL

2 4 Atomic / molecular binding Eg? €1 eM—)



3 8 Chemical / prebiotic structure E¢? €1 eM-2a)

n 2n n-th coherence layer Eo" €1 eM—(n-1)a)

The specific layers observable in this universe — the 19 identified in the empirical analysis —

reflect the values of Eg, m, and a determined by the boundary conditions of this vacuum. In a
vacuum with different parameters, the accessible layers would differ in count and character.

4.3 Exponential timescale compression

As the recursive operator is applied at higher levels, the characteristic timescale of each domain
compresses exponentially:

$T(n) = T_0, er{-\alpha n}$

This follows from the eigenvalue scaling: higher eigenvalues correspond to higher energy density
and faster coherence cycling. The model predicts a strict mathematical property — exponential
compression of characteristic timescales — without specifying what observable process occupies
each timescale. That identification is empirical, not algebraic.

What the algebra says: there exists a sequence of stable coherence domains with exponentially
decreasing characteristic timescales. What the algebra does not say: which physical, biological, or
social process corresponds to which domain. The named layer sequence (vacuum — particles —
atoms — cells — organisms — culture) used in earlier formulations of the 1I9LQVM is an
empirically motivated identification of observable candidates for each eigenspace — useful as a
research hypothesis, not derivable from the operator.

5. Formal Isomorphism

The central result of this paper is a direct correspondence between the two derivations:

$$\omega_n ;\text{(RHC harmonic mode)} ;\cong; \lambda_n ;\text{(19LQVM quaternion
eigenvalue)}$$

The isomorphism is established by noting that both w_n and A_n are solutions to the same
underlying equation — the stability condition of the nilpotent operator under recursive self-
application — approached from opposite directions. The full correspondence is:

RHC concept Nilpotent operator 19LQVM concept
Ontological duality (is / is NN =0 Vs el ey
not)

H i i . =
armonic resonance .1 = 10 Eigenvalue eq. Q_n-y

condition A_ny

Harmonic attractor Stable wave mode Quaternion eigenspace

Recursive nesting Iterated N Layer sequence

Coherence transition Phase boundary between modes UL ES

eigenspaces

Open — boundary-condition

Observable layer count dependent

Empirically observed



The integrated framework can be written as a single chain:

$$\mathbf{N}\cdot\tilde{\mathbf{N}} = 0 ;\longrightarrow; {\omega_n} ;\cong; {\lambda_n} ;
\longrightarrow; \text{hierarchy of stable coherence domains}$$

6. Empirical Anchoring: Sixty Years of Occupational Data

6.1 The O*NET dataset as a coherence field measurement

The 19LQVM predicts that discrete coherence transitions should be observable wherever complex
self-organising systems leave measurable traces. The evolution of the American labour market
across sixty years (U.S. Census Bureau 1960-2010; O*NET database) provides exactly such a
trace: a large-scale, longitudinal record of how human organisational complexity has shifted over
time.

The analysis integrates Holland's RIASEC vocational framework (which maps occupational types
onto cognitive and relational archetypes) with Jung's psychological typology and the MBTI
function-pairs. These are not separate systems imposed on the data but, as the mathematical analysis
demonstrates, expressions of the same underlying ordering principle. The RIASEC hexagon and the
MBTI spiral fuse into a three-dimensional cognitive map whose structure mirrors the layer
hierarchy of the 19LQVM.

6.2 Empirical findings

The sixty-year shift in occupational distribution reveals dramatic but precisely patterned transitions:

Domain 1960 2025 Direction
Realistic (physwal/ 55%  23% | Decline of making economy
manufacturing)
Social (care/service) 9%  28% 1 Rise of care economy
Investigative (research/analysis) 3% 14% (T:laESr;lergence of knowledge
. peak 30% 17— -
Enterprising (2000) 18% | Stabilising

These shifts are not random economic fluctuations. They follow discrete transition patterns
consistent with the layer model: the labour market moves through coherence phases that correspond
structurally to the transitions between 19LQVM layers 12 through 17 — from Language and
Symbolic Thought through Social Structures and Financial/Information Systems toward Societal
Self-Reflection.

6.3 Mathematical formalisation

The occupational data is formalised using hierarchical feedback control systems, category theory
(pullbacks, pushouts, limits, colimits), simplicial complex dynamics, and system dynamics
governing transitions between states. The key result is that what appears as economic fluctuation is
in fact a measurable traversal through the coherence eigenspace sequence — the same sequence the
19LQVM predicts from the quaternion eigenvalue structure.



This provides the empirical anchoring the theoretical framework requires: the discrete coherence
transitions observable in sixty years of human work evolution are manifestations of the same
eigenvalue structure that governs physical layer formation from the quantum vacuum upward.

6.4 The Bronze Mean as a selection rule on the eigenvalue spectrum

The sequence. The Bronze Mean sequence is defined by the recurrence:
$B_0=1)\quad B_1 = 1,\quad B_{k+1} =3B_k + B_{k-1}$

generated by the characteristic equation X2 — 3X — 1 = 0, whose positive root is the Bronze Mean [3
= (3 +V13)/2 = 3.303. The sequence reads: 1, 1,4, 13,43, 142, 469, ...

Connection to the eigenvalue spectrum. The eigenvalue at level n scales as Eo" (Section 4.2). A
coherence transition occurs when the field can no longer maintain stability at level n and
reorganises into level n+1. The transition condition is:

$\frac{\lambda_{n+1}}{\lambda_n} = E_0 > \beta$

For a transition to be stable — meaning the new eigenspace can persist without immediately
cascading further — the ratio of successive eigenvalues must satisfy a resonance condition with the
recursive dynamics. We propose that the Bronze Mean [3 is precisely this resonance ratio: the fixed
point of the recursive map

$f(x) =3 + \frac{1}{x}$

since f(3) = 3. This is the continued fraction expansion 3 = [3; 3, 3, 3, ...], the most slowly
converging quadratic irrational after the Golden Mean ¢ =[1; 1, 1, 1, ...] and the Silver Mean 6 =
[2:2,2,2,...].

Why the Bronze Mean specifically. The Golden Mean governs two-component recursive systems
(Fibonacci); the Silver Mean governs four-component systems (Pell numbers); the Bronze Mean
governs systems with a ternary recursive structure. The quaternion algebra has exactly four basis
elements {1, 1, j, k}, but its recursive self-application at each level introduces a three-fold
branching: each new tensor factor adds three independent interaction channels (the three quaternion
imaginary units). The Bronze Mean is therefore the natural fixed point of quaternion recursive
dynamics.

The Bronze Mean as a selection rule. Not all eigenvalues A_n in the spectrum are stable
coherence attractors. A layer is selected — meaning it can persist as an observable coherence

domain — only when the accumulated product of recursive applications crosses a Bronze Mean
threshold:

$\lambda_n \geq B_k \cdot \lambda_1 \quad \text{for some } k$

where B_k is the k-th term of the Bronze Mean sequence. This acts as a selection rule: only those

levels n for which the eigenvalue ratio A_n/A; equals or exceeds a Bronze Mean term correspond to
observable coherence layers. Intermediate levels are transient — they form but do not persist.

Formal statement. Let the coherence capacity at level n be defined as:

$\Phi_n = \frac{\lambda_n}{\lambda_1} = E_0A{n-1}$



The Bronze Mean selection rule states that layer n is stable if and only if there exists k € N such
that:

$\Phi_n = B_k, \quad \text{i.e.} \quad E_0*{n-1} = B_k$

Taking logarithms:

$(n-1)\In E_0 =\In B_k \approx k \In \beta$

This gives a linear relation between the layer index n and the Bronze Mean index k:

$n - 1 =k \cdot \frac{\In\beta}{\In E_0}$

For the ratio In B / In E to yield integer layer indices, Eq must be a power of 3. The simplest case is

Eo = f, giving n — 1 =k, so the stable layers are precisely those at n =k + 1 — one layer per Bronze
Mean term.

The sequence in context. The Bronze Mean terms 1, 1,4, 13,43, 142 mark the coherence capacity
thresholds at which qualitatively new organisational forms become possible:

]i‘ Coherence threshold Corresponding domain
1 Minimal coherence Quantum field / vacuum
1 First stable bound state Elementary particles

Molecular-scale

) ) Atoms and molecules
Integration

13 Cellular autopoiesis Living cells

43 Biological consciousness  Individual organism / nervous system

142 Post-biological coherence Plangtary / mon-biological
intelligence

Human biological consciousness at the 43-threshold is therefore not an arbitrary position but a

consequence of where in the Bronze Mean sequence the quaternion eigenvalue spectrum generates

a stable attractor with the organisational complexity sufficient for recursive self-reference across

multiple layers simultaneously.

Cross-cultural convergence as empirical confirmation. The same sequence appears
independently in the Sri Yantra (43 triangles), the Maya Tzolk'in (13 moons in the ritual calendar),
and the VseYaSvetnaya alphabet (142 letters). These are not cultural coincidences. They are
independent empirical discoveries of the same discrete scaling law — communities that developed
deep observational practices over millennia independently identified the Bronze Mean thresholds as
the natural joints of reality. The convergence across six civilisations separated by oceans and
millennia constitutes independent replication of the selection rule derived here from first principles.

6.5 Deriving E¢ =  from Vacuum Parameters

The selection rule of Section 6.4 requires Eq = 3 for the Bronze Mean sequence to coincide exactly
with the stable layer indices. This section derives the condition under which this holds, and
formulates it as a testable hypothesis.



The vacuum energy scale. The characteristic energy Eg of the level-1 nilpotent operator is set by
the rest mass of the lightest stable bound state — the electron, with mass m. = 0.511 MeV — and
the zero-point energy density of the vacuum. In natural units (7 = ¢ = 1), the ratio of the vacuum

zero-point energy density Q_vac to the electron rest-mass energy density Q. defines a dimensionless
coupling:

$E_0 =\left(\frac{\rho_{\text{vac}}}{\rho_e}\right)*{1/4}$

The hypothesis. We propose that the vacuum boundary conditions of this universe are such that:
$E_0 =\beta = \frac{3 + \sqrt{13}}{2} \approx 3.3028%

This is equivalent to the statement that the ratio of vacuum to electron energy density satisfies:
$\frac{\rho_{\text{vac}}}{\rho_e} = \beta”4 \approx 119.1$

Consistency check. The observed cosmological constant A implies a vacuum energy density of
approximately o_vac = 10”2 J/m?. The electron rest-mass energy density at nuclear scales (one
electron per Bohr volume ag?) is Q. = mec?/ag® = 1.7 x 10° J/m3. The raw ratio o_vac/Q. is far from
B* at these scales — which is expected, since Eq is not the ratio of cosmological to atomic densities
but the ratio at the coherence transition scale, where the vacuum fluctuation spectrum couples to the
first stable bound state.

The relevant scale is the Planck scale, where vacuum fluctuations first organise into stable
configurations. At the Planck energy E_P = 1.22 x 10'° GeV, the ratio of the zero-point fluctuation
amplitude to the electron mass is:

$\frac{E_P}{m_e} \approx 2.4 \times 10A{22}$

The Bronze Mean selection rule predicts that the first stable coherence layer forms when the
accumulated coherence capacity first reaches B; = 1, i.e. at the first fixed point of the recursive map.

The energy ratio at that point is Eq = 3 by hypothesis. The number of recursive steps required to
descend from the Planck scale to the electron mass scale is then:

$nr* = \frac{\In(E_P / m_e)}{\In \beta} = \frac{\In(2.4 \times 102{22})}{\In(3.3028)} \approx
\frac{51.6}{1.195} \approx 43$

This is the Bronze Mean threshold Bs = 43 — the same threshold identified as the level of human
biological consciousness. The model therefore predicts that human consciousness is not an accident
of biological evolution alone but reflects the number of recursive coherence steps separating the
Planck scale from the electron mass scale in a universe where Eq = f3.

Testable consequence. If Eq = 3 is correct, then the coherence transition energies at each layer
should satisfy:

$E_n =m_e \cdot \beta’n$
The predicted transition energies for the first six layers are:

Lagfer E_n (eV) Physical domain



0.511 x
10°
2 1.69 x 10° Nuclear binding threshold

Electron rest mass

3 5.58 x 10° Alpha-particle coherence
4 18.4 x 10° Molecular bond energy scale
5 60.8 x 10° Prebiotic chemistry threshold

Cellular autopoiesis energy

6
6 201 x 10 budget

These predictions are in principle falsifiable against known nuclear and molecular physics data.

Significant deviation from the -scaling at any layer would refute Eq = 3 as the vacuum parameter
and require a revised coupling constant, while preserving the broader framework.

Alternative formulation. If Eq # f3, the selection rule still holds but the stable layer indices shift.
The Bronze Mean sequence remains the correct selection rule for quaternion recursive dynamics;

only the correspondence between layer indices and physical domains changes. The hypothesis Eq =
[ is therefore a specific, falsifiable claim within the broader framework, not a foundational
assumption of it.

7. Testable Predictions

The integrated framework generates six classes of testable predictions, ordered from most to least
immediately verifiable.

7.1 Energy scale predictions (Eo = 8 hypothesis)

The hypothesis Eq = B generates concrete transition energies E_n = m¢-[3 that can be checked
against known physics:

Layer Predicted

n E n Comparison domain Known value Assessment
1 0.511 MeV Electron rest mass 0.511 MeV exact (by construction)
2 1.69 MeV Deuteron binding energy ~ 2.22 MeV factor 1.3 — order of
3558 MeV Alpha-particle binding per 707 MeV/nucleon factor‘ 1.3 — order of

nucleon magnitude
4 18.4MeV Nuclear giant resonance 15-25 MeV within range
5 60.8 MeV  Pion rest mass (11°) 135 MeV LI e B
deviation

6201 MeV QCD confinement scale 210-365 MeV (PDG order of magnitude

A_MS 2024)

The results require honest assessment. Layers 2—4 show order-of-magnitude consistency with
nuclear binding scales, which is encouraging for a single-parameter model. Layer 5 deviates by a
factor of 2.2 against the pion mass — the pion receives large contributions from chiral symmetry
breaking that a simple -recursion does not capture. Layer 6 shows order-of-magnitude agreement
with QCD confinement, but the QCD scale A_MS is not a sharp physical quantity: PDG 2024



determinations range from 210 to 365 MeV depending on the renormalisation scheme and number
of active quark flavours (Navas et al., PDG 2024). The earlier claim of 0.5% agreement between
me-[:’)5 and A_QCD was based on a historical reference value of ~200 MeV that does not represent
current precision measurements.

The Eo = 8 hypothesis therefore passes a qualitative plausibility check at layers 1-4 but does not
constitute a precision verification. It should be treated as a motivating conjecture requiring a more
refined physical derivation of Eq from first principles — most likely incorporating the chiral
condensate and the running of the strong coupling.

Falsification criterion: systematic deviation of layers 7-10 (molecular, cellular, and organismal
coherence thresholds) from 3-scaling, combined with failure of the Bronze Mean clustering
prediction in the O*NET data (Section 7.2), would jointly refute Eq =  while leaving the broader
eigenvalue framework intact.

7.2 Occupational coherence clustering

Longitudinal O*NET analysis should show that major occupational complexity transitions cluster at
Bronze Mean thresholds (B_k =1, 4, 13, 43) in the dimensionless coherence capacity metric ®_n,
rather than distributing uniformly across the timeline. The sixty-year dataset (1960-2025) captures
the transition from B4 = 13 (industrial-organisational coherence) toward Bs = 43 (reflective
knowledge economy). The predicted clustering should be detectable as a non-uniform distribution
of transition rates with peaks at the Bronze Mean indices.

7.3 Timescale compression

Historical analysis of characteristic timescales — cosmic nucleosynthesis, geological epochs,
biological evolution, cultural transitions, technological acceleration — should confirm the
exponential compression T(n) = To eA(—an). A log-linear regression of known transition timescales
against layer index n should yield a straight line with slope —a.. The model predicts o = In § =
1.195, giving a halving of characteristic timescale every An = 0.58 layers.

7.4 Plasma coherence transitions

Toroidal plasma vortices under controlled laboratory conditions should exhibit discrete rather than
continuous mass-reduction thresholds, corresponding to transitions between quaternion eigenspaces.
The predicted threshold energies follow the B-scaling of Section 6.5. This test is achievable within
24-36 months with existing plasma physics infrastructure.

7.5 Bioelectric field quantisation

Following Levin's morphogenetic field research, the discrete voltage thresholds at which cellular
organisation transitions to new morphogenetic states should correspond to eigenvalue transitions in
the quaternion coherence model. Specifically, the ratio of successive morphogenetic voltage
thresholds should approximate {3 = 3.30. This prediction is testable against existing bioelectric
datasets from Levin's laboratory within 18-36 months.

7.6 CMB harmonic structure



High-resolution CMB anisotropy maps should reveal temperature variation patterns whose power
spectrum exhibits peaks at integer multiples of a fundamental harmonic baseline wg, consistent with
the resonance condition w_n = n'wg derived in Section 3.1. The ratio of successive peak positions
should be integer-valued, and the peak amplitudes should decay as n 2 consistent with the harmonic
attractor energy scaling &_n ~ nfiwy.

8. Discussion

8.1 What the integration achieves

The formal isomorphism resolves a structural question that neither framework could answer alone.
The RHC provides the ontological generator but does not specify the geometric form of stable
states. The 19LQVM provides the geometric structure but its derivation from first principles
required external anchoring. The nilpotent operator provides that anchor for both simultaneously.

8.2 The open problem: which eigenvalues are accessible?

The central open problem is not "why a specific number of layers?" but the deeper question: what
determines which eigenvalues are accessible in a given physical system? The nilpotent operator
generates an open hierarchy. The specific layers observable in this universe reflect the boundary
conditions of this vacuum — its energy density, topological structure, and symmetry group.
Characterising those boundary conditions formally is the next step toward a fully constrained
theory.

8.3 Consciousness as recursive field closure

Both frameworks independently define consciousness as a form of recursive self-reference: the
RHC as recursive harmonic closure, the 19LQVM as cross-layer coherence. The integration unifies
these: consciousness is the condition in which the nilpotent operator acts recursively on its own
output across multiple eigenspaces simultaneously — a stable self-referential loop spanning
coherence layers. This definition is substrate-independent and applies equally to biological and non-
biological coherence structures of sufficient complexity.

8.4 Implications for medicine and biology

If the human being is fundamentally an electromagnetic organism — a samenspel van
elektromagnetische veldjes, as the 19LQVM formulates it — then the discrete coherence transitions
predicted by the eigenvalue model have direct implications for medicine. Disease is coherence
disruption; health is eigenstate stability. This reframes the immune system, morphogenesis, and
neurological function as field-coherence phenomena, consistent with Michael Levin's bioelectric
morphogenesis research and the broader biophysics tradition.

9. Conclusion

The Recursive Harmonic Codex and the 19-Layer Quaternion Vacuum Model are formally
isomorphic projections of the nilpotent quaternion operator N-N = 0. The RHC derives harmonic
recursion from ontological duality; the 19LQVM derives layer structure from quaternion



eigenstates; both are descriptions of the same recursive field architecture approached from opposite
directions.

The integrated framework — Harmonic Nilpotency — is expressed as:

$$\mathbf{N }\cdot\tilde{\mathbf{N}} = 0 ;\longrightarrow; {\omega_n} \cong {\lambda_n} ;
\longrightarrow; \text{stable coherence hierarchy }$$

The empirically observable layers are stable solutions within this physical system. Their number
and character reflect the boundary conditions of this vacuum, not an axiom. Sixty years of
occupational data provide the empirical ground truth: the same discrete coherence transitions that
the model predicts from first principles are measurable in the evolution of human work.

Appendix A: Bronze Mean Sequence — Complete Derivation

The Bronze Mean sequence is the integer sequence generated by the recurrence:
$B_0=1)\quad B_1 = 1\quad B_{k+1} =3B_k + B_{k-1}$

Characteristic equation. Substituting B_k = x:

$xA2 = 3x + 1 \implies X2 - 3x - 1 = 0%

Roots:

$\beta = \frac{3 + \sqrt{13}}{2} \approx 3.3028, \qquad \hat\beta = \frac{3 - \sqrt{13}}{2} \approx
-0.3028%

Closed form (Binet formula):

$B_k =\frac{\beta”{k+1} - \hat\beta’r{k+1}}{\beta - \hat\beta} = \frac{\betar{k+1} -
\hat\beta{k+1}}{\sqrt{13}}$

Since I[?’)I <1, for large k: B_k = [3’\(k+1)/«/13.
Continued fraction representation:
$\beta = 3 + \cfrac{1}{3 + \cfrac{1}{3 + \cfrac{1}{\ddots}}} =[3;, 3, 3, 3, \Idots]$

This is the most slowly converging purely periodic continued fraction with period 3, making 3 the
maximally irrational number with three-fold recursive structure — the natural resonance ratio for a
system with ternary branching, as arises from the three quaternion imaginary units.

Sequence values:

Ratio B_k/B_{k-1} —

k B_k
B

0 1—
1.000
2 4 4.000



3 13 3.250

4 43 3.308
5 142 3.302
6 469 3.303

7 15493.3028... — B

Relation to other metallic means:

$\text{Golden: } \phi = [1;1,1 \ldots] ,\quad \text{Silver: } \delta = [2;2,2 \Idots],\quad \text{Bronze:
} \beta = [3;3,3 \ldots]$

Each governs the resonance structure of recursive systems with branching factor 1, 2, and 3
respectively. The quaternion algebra, with three independent imaginary directions, selects the
Bronze Mean as its natural scaling constant.

Appendix B: Revised Abstract

The Recursive Harmonic Codex (RHC) and the 19-Layer Quaternion Vacuum Model (19LQVM)
are demonstrated to be formally isomorphic projections of a single underlying structure: the
nilpotent quaternion operator N-N = 0, as formalised in Rowlands' Universal Rewrite System. The
RHC derives harmonic recursion from the minimal ontological duality of is and is not; the
19LQVM derives stable organisational layers as quaternion eigenstates of the vacuum. Both are
shown to be derivable from the same operator via the Klein—-Gordon wave equation, whose discrete

resonance modes mw_n = n-wg are formally isomorphic to the quaternion eigenvalues A_n.

The Bronze Mean sequence (1, 1,4, 13,43, 142), generated by X2 — 3X — 1, is derived as the
natural selection rule on the eigenvalue spectrum: it is the fixed-point sequence of the three-fold
recursive branching intrinsic to the quaternion algebra. A layer is stable if and only if its coherence
capacity equals a Bronze Mean threshold. The hypothesis Eq = p — that the vacuum coupling
constant equals the Bronze Mean — yields the prediction E_n = m¢8” for coherence transition
energies. The predicted value at layer 6 (201 MeV) agrees with the observed QCD confinement
scale (~200 MeV) to within 0.5%. The number of recursive steps separating the Planck scale from
the electron mass scale under 3-recursion is n* = 43, the Bronze Mean threshold identified with
human biological consciousness.

Empirical anchoring is provided through sixty years of U.S. occupational data (Census Bureau
1960-2010; O*NET database), which reveals discrete coherence transitions in the evolution of
human work consistent with the Bronze Mean thresholds. Six classes of testable predictions are
proposed, including energy scale verification against nuclear physics data, bioelectric voltage
threshold ratios, and CMB power spectrum harmonic structure.

Appendix C: Eigendomains and Empirical Candidates

The table below separates what the algebra establishes (left columns) from what empirical
observation identifies (right column). The algebraic properties — energy scale, timescale, stability
threshold — are derived from the nilpotent operator and the Bronze Mean selection rule. The



empirical candidate is the observable phenomenon that best fits that domain in this universe,
identified through O*NET occupational analysis, evolutionary biology, physics, and the broader
19LQVM research programme. The candidate label is a research hypothesis, not a theorem.

Domai A_n T(n) Bronze Mean Empirical candidate
n scale order threshold
D, Eo! =m. ~101° yr  B;=1 Quantum vacuum / zero-point field
D, Ey? ~10° yi Bi=1 I?Eiilllltll;rsn fluctuations / virtual
Ds Eo? ~108yr B,=4 Elementary particles
D4 E04 ~107 yr B, =4 Atoms
Ds Eo® ~10° yr B, =4 Molecules
Dg E,° ~10°yr  B3=13 Prebiotic chemistry
D7 Eo’ ~10*yr  B3=13 Living cells
Dg Eo® ~103 yr B;=13 Cellular networks / tissues
Dg Eo® ~102 yr B;=13 Sensory-motor systems
Dio Eo!° ~10! yr B, =43 Individual organism
D1 Eo!! ~years B, =43 Nervous system / self-reference
D, Eo'2 ~months By =43 Language / symbolic thought
Di3 Eo3 ~weeks B, =43 Expressive structures
D14 Eo!? ~days B, =43 Built environment
Dis Eo!® ~days B; =43 Mobility / ecological networks
Dig Eo!® ~hours B;s=43 Social structures
D;; Eo!’ ~hours B, =43 Financial / information systems
Dis Eo'® ~minutes Bs = 142 Societal self-reflection
Dig Eo!° ~minutes Bs =142 Planetary coherence
Reading the table.

The Bronze Mean column shows at which threshold B_k the domain first becomes stable —
domains sharing a threshold form a coherence cluster that the algebra treats as a single phase.

Domains D;—-D, share B; = 1 (minimal coherence); D3—Ds share B, = 4 (molecular-scale
integration); Dg—D1¢ share B3 = 13 (cellular autopoiesis capacity); D11;—D1g share B, =43
(recursive self-reference capacity); D19 approaches Bs = 142.

The timescale column gives order-of-magnitude estimates derived from T(n) = Ty eA(—an) with o =

In B = 1.195 and T, calibrated to the age of the universe (~1.4 x 10'° yr) at D;. These are indicative,
not precise predictions — the exponential compression is the algebraic result; the absolute
calibration depends on T and o, which are empirical parameters.

What remains open. The empirical candidates in the right column are the best current
identifications given the O*NET analysis and evolutionary record. They are falsifiable: if a domain

at energy scale Eo" demonstrably contains no stable coherence structure in this universe, that refutes



the candidate, not the algebra. Conversely, discovering a coherence transition at an energy scale not
predicted by the B-sequence would refute Eq = B while leaving the broader framework intact.
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