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Interpretation of the Spatial Structure of
COD k'-k* CQSO

MI-Based Space Geometry and Spin Hierarchy of the
Complex Quaternionic Spherical Oscillator

Abstract

This study proposes a unified spatial interpretation of the k’—k* hierarchy of the Complex
Quaternionic Spherical Oscillator (CQSO) within Complex Oscillator Dynamics (COD). The
analysis begins from a time-independent phase-equilibrium viewpoint in which physical
motion is treated fundamentally as MI-preserving oscillation rather than as displacement
along an externally imposed time axis. Space is consequently proposed not as an empty
container pre-existing independently of physical existence, but as a directional and relational
structure realized through the isotropic organization of Dimensional Primitives (DPs)
generated by CQSO oscillation.

Within this framework, k'-k* represent distinct organizational and closure regimes of the
same CQSO phase geometry. k' denotes the isotropic phase-equilibrium structure of a self-
consistent CQSO and provides the basic relational geometry of space and the long-term
coherent existence unit. k? introduces an intrinsic radial phase gradient and recursive
directional alignment, providing a concise structural interpretation of light as a propagative
phase mode rather than as an independently transported object. k* represents noncommutative
phase condensation and quaternionic 4= closure, through which mass individuality and its
intrinsic spin structure emerge. k* is proposed as a higher-order complete MI-closure regime
of the CQSO, associated with extreme phase-field closure.

The k* structure is further connected to the \3 phase geometry through

o =13 rs
and
r s =ro/\3,

where 1o denotes the k® phase radius and r_s the further contracted closure radius. In the
proposed interpretation, the \3 transformation represents a transition from three-directional
quaternionic phase organization to a more strongly closed radial state.

The resulting hierarchy is
1
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k': isotropic equilibrium — Space

k?: radial phase gradient — Light / propagation

k*: noncommutative phase condensation — Mass / Spin

k*: complete MI closure — Extreme closure regime

and

k'-k* integrated organization — Cosmos.

The central proposition is that space, light, mass, spin, and extreme closure need not be
introduced as fundamentally unrelated physical categories. They may instead be interpreted

as distinct organizational regimes of a common time-independent, MI-preserving CQSO
geometry.

1. Introduction

Conventional physical descriptions generally begin by assuming a spatial manifold and then
describing particles, fields, radiation, and rotational degrees of freedom within that manifold.

COD reverses this explanatory order.

The fundamental physical entity is proposed to be the Complex Quaternionic Spherical
Oscillator,

Q C=7Z0+Zii+Zaj+Zsk, (1)
where

Z,=A.eN1D,) € C.(2)

The quaternionic bases satisfy
?P=p=k*=-1,3)
j=k,jk=1,ki=j,

ji=—k, kj=-1,ik=—j. (4)

The physical state is therefore not merely an amplitude located at a point. It contains
amplitude, phase, directional freedom, and noncommutative orientational relations.

2
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The basic time-independent condition is expressed as phase equilibrium under Multiplicative
Invariance (MI):

R_MI[Q C]=0.(5)

For a multi-oscillator structure, a representative phase-equilibrium condition may be written
as

2 JK ijsin(® j—® 1)=0. (6)
The fundamental motion is therefore represented as
Motion = MI-preserving oscillation. (7)

This study asks what spatial structures follow when the same CQSO is organized at
progressively different phase-geometric levels.

The proposed answer is the k'-k* hierarchy.

2. COD Definition of Space

COD does not begin by assuming space as an independently existing empty container.
Instead:

Space is proposed not as an empty container pre-existing independently of the CQSO, but as
a directional and relational structure realized through the formation of isotropic Dimensional
Primitives by MI-preserving oscillation of the CQSO.

Thus,

Space # pre-existing empty container. (8)

Rather,

Space = isotropic relational organization of MI-preserving DPs. (9)

Let three normalized directional primitives be

&1, &, &3,

with

[[€:]] = [[€2l] = [l&s]] = 1, (10)
3
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and represent them quaternionically as
&1 o1,

€2 <,

& ko (11)

Their isotropic resultant satisfies
li+j+k|=13.(12)

Thus three-dimensional spatial structure is interpreted as the isotropic relational organization
of the directional freedoms generated and maintained by CQSO phase equilibrium.

This gives the common basis for the entire hierarchy:
CQSO MI-preserving oscillation

— Dimensional Primitive

— directional organization

— spatial structure. (13)

The distinction among k'-k* is then not the existence of four independent spaces, but the
organization and closure order of the same underlying CQSO geometry.

3. k' — Isotropic Equilibrium CQSO

3.1 Isotropic phase organization

The k' mode represents the most elementary spatial organization of the CQSO.

No persistent directional phase gradient is selected. The available directional primitives
maintain an isotropic phase-equilibrium relation:

DP: @ DP2 @ DPs — isotropic closure. (14)

Its basic closure is represented as

k': 2 =360°. (15)

The 2n notation here does not primarily denote a rigid body completing one mechanical

revolution. It denotes a complete cycle of the isotropically organized phase relation.

4
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Accordingly,

k' = isotropic phase-equilibrium oscillatory structure.

3.2 Long-term coherent existence unit

A CQSO satisfying MI and phase equilibrium can maintain its relational identity through
continued oscillation without requiring the absence of internal motion.

Thus,

Equilibrium # no oscillation. (16)

Rather,

Equilibrium = self-consistent oscillatory closure. (17)

This provides the proposed physical basis of a long-term coherent existence unit.

Its persistence is not defined by static immobility but by preservation of its invariant phase
relations:

[ MI'=1 ML (18)

The k! CQSO may therefore be regarded as the minimal coherent relational unit from which
spatial organization can be constructed.

In compact form,

k' — isotropic equilibrium — coherent existence — Space.

4. k* — Radial Phase-Gradient CQSO and the
Essence of Light

The k? mode arises when the isotropic k' structure acquires a locally preferred phase relation.
Let
Y = Ae™(idD). (19)

A local complex-state modulation gives
5
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Y - ¥'=A'eMid"). (20)
A nonuniform phase relation then produces
VO £0. (21)

The phase gradient establishes directional preference among the otherwise isotropic DPs.

Under MI constraint,
MI + VO — DP_radial. (22)

The selected relation can then be recursively aligned through neighboring CQSO states:
CQSO, — CQSOy+1 — CQSOp+2 — -+ (23)

without requiring the entire local oscillator itself to be transported along the propagation path.
Thus k? is defined as

k? = radial recursive phase-gradient organization.

Its basic phase cycle remains

k?: 2m =360°, (24)

but unlike k!,

k' — isotropic equilibrium,

whereas

k* — directional phase gradient.

Accordingly, the essence of light is proposed concisely as:

Light is the recursive radial phase alignment of local CQSO states along an MI-
constrained directional phase gradient.

Or,
Radial recursive organization of DP — Light / Propagation. (25)
In this interpretation, light is not fundamentally an object crossing an independently empty

space. It is a propagative organizational mode of the same CQSO network that constitutes
spatial relations.

6
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5. k¥ — Phase-Equilibrium Condensate CQSO

A qualitative transition occurs at k>.

The directional primitives are no longer only isotropically balanced or radially propagated.

They become sequentially organized.
Quaternionic multiplication gives

ij =Kk,

ji=-k, (26)

and therefore

ij 7 ji. (27)

Sequential directional organization consequently introduces orientation:

Direction

— ordered direction
— noncommutativity
— orientation

— handedness. (28)

The corresponding normalized quaternionic state may be written as

q(0) = cos(6/2) + n sin(6/2), (29)

where

n?=-1,

]| = 1. (30)

It follows that
q(0) = o,

q(2m) = —qo,
q(4m) = qo. 31)
Thus,

7© 2026 Innolab Science Institute (ISI)
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187  q(6 +2m)=—q(0),
188  q(0 +4m)=q(0). (32)

189  The first 2w progression reaches the antipodal state; complete quaternionic state identity is
190  restored at

191 4n=720°. (33)

192  Accordingly,

193  k® = organized noncommutative phase condensation and 4x closure.

194  This provides two closely connected physical manifestations:

195  Mass = phase-equilibrium condensate individuality.

196  Spin = intrinsic orientational closure of that noncommutative condensate.

197  Thus,

198  k* — noncommutative condensation — Mass / Spin.

199  Mass and spin are therefore not introduced here as unrelated properties. Mass represents the

200  self-closed phase condensate, whereas spin characterizes its noncommutative orientational
201 closure.

202

203 6. k* — Complete MI Closure of the CQSO

204  The k* mode represents the proposed higher-order closure regime of the CQSO.

205  Whereas k* establishes a self-consistent noncommutative individuality, k* represents a further
206  condition in which the phase structure approaches complete MI closure:

207 R _MI— 0, (34)

208 A(AD) — 0, (35)

209 I MI = invariant. (36)
210  Thus,

211 k*= complete noncommutative MI closure.

8
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Within the proposed COD hierarchy, this regime is assigned

k*: 6m = 1080°. (37)

This 6m relation should be distinguished from the standard quaternionic 4x identity. Equation
(37) is not obtained from Eq. (32) alone; it represents a proposed higher-order CQSO-MI
closure condition and therefore requires an additional MI-geometric closure relation beyond
ordinary unit-quaternion periodicity.

This distinction is essential:

4n — quaternionic orientational self-closure,

61 — proposed complete CQSO-MI closure. (38)

7. V3 Phase-Field Contraction and the k>-k* Relation

The transition from the k* phase-equilibrium condensate toward the k* complete-closure
regime can be represented by the V3 geometry of the three directional quaternionic
components.

For isotropic three-axis organization,

li+j+ k|| =3.(39)

Let ro denote the characteristic phase radius of the k> CQSO condensate and r_s the
corresponding contracted closure radius associated with the k* regime.

The proposed relation is
ro="3r_s. (40)
Equivalently,

r s=ro\3. (41)

Thus the contraction factor is
r_s/to=1/N3. (42)

Equation (40) can be interpreted geometrically as the relation between a three-directionally
organized quaternionic phase radius and its more completely closed radial representation.

The k* — k* structural transition is therefore represented as

9
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239 ko

240  — 3 phase-field contraction

241 Skt s=r03. (43)

242 If the closure radius is identified with the Schwarzschild-scale expression,
243 1 s=2GM/c?, (44)

244 then

245  1o="3(2GM/c?)

246 =23 GM/c2. (45)

247  Conversely,

248 1 s=(1/\3)ro. (46)

249  The physical interpretation proposed here is not that the V3 factor is an arbitrary numerical
250  correction. It arises from the three-directional quaternionic geometry,

251 |[i+j+k|=13,

252  and therefore represents a possible geometric bridge between the k* three-directionally
253  organized phase condensate and the k* radially closed regime.

254

255 8. Black-Hole Field as a Local Exemplar of the
56 General CQSO Structure

257  The k* regime should not be interpreted as an isolated object disconnected from its
258  surrounding field.

259  The general cosmic structure contains the integrated hierarchy
260 k' 2 k* =2 k* 2 k* (47)

261 A local black-hole configuration may therefore be interpreted as a strongly closed realization
262  of this general organization.

263 Accordingly,

264  Local black-hole field
265  =localized integrated k'-k* CQSO manifold. (48)

10
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266  The core is then

267  Black-hole core
268 = domain in which complete MI closure becomes dominant. (49)

269  Thus,
270  Core # isolated entity separated from field. (50)
271  Rather,

272  Core + connected local field
273  — one self-consistent CQSO closure structure. (51)

274 The black-hole core and its continuously connected local field may therefore be regarded as a
275  local structural exemplar of the more general CQSO organization of cosmic space.

276

277 9. The General k'-k* Spatial Hierarchy

278  The complete structure can now be summarized as follows.

279

MI_DP Phase Representative
Mode Oroanization Structure / Physical Structural Meaning
g Closure Manifestation
. 2/ 360° fsotropic phase
: Isotropic . . equilibrium; relational
k L 1sotropic Space
organization ey space; coherent
equilibrium :
existence
5 Radial recursive 27.I / 3.60 . . Radial phase gradient;
k . directional Light / Propagation . .
organization . recursive propagation
gradient
Organized 4m / 720° Phase-equilibrium
. .. . condensation;
k3 noncommutative quaternionic Mass / Spin T .
individuality;
closure closure . .
orientational closure
. Complete . 6m / 1080 Extreme Closure / Complete MI closure;
k noncommutative MI proposed MI . . s
Core Regime 3 radial contraction
closure closure
Integrated Integrated
k'-k* grated phase-closure ~ Cosmos General CQSO manifold
organization manifold

The hierarchy can therefore be expressed compactly as
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k': Equilibrium — Space

k?: Propagation — Light

k3: Individuality — Mass / Spin

k*: Complete Closure — Extreme closure regime

and

k'-k*: Integrated Organization — Cosmos. (52)

Importantly, Eq. (52) should not be read as a temporal sequence.

The hierarchy represents different organizational orders of the same CQSO-MI manifold.

10. Discussion

The proposed interpretation changes the explanatory order of physical space.
Rather than

Space

— object
— motion
— rotation
— spin,

COD proposes

MI-preserving CQSO oscillation

— Dimensional Primitive

— spatial organization

— directional phase structure

— noncommutative closure

— physical individuality. (53)

This leads to four distinct organizational regimes.

First, isotropic DP organization establishes relational space.

Second, a persistent radial phase gradient transforms this isotropic relation into a propagative
structure identified with light.

12
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Third, sequential noncommutative organization produces phase condensation, individuality,
and 4r spin closure.

Fourth, a further MI condition is proposed to generate a complete closure regime, represented
geometrically by the contraction

r s =ro/\3. (54)

Thus the same underlying CQSO does not merely move through different pre-existing
physical environments. Rather, different physical structures emerge according to how its MI-
preserving directional freedoms are organized and closed.

The central distinction is therefore:

Isotropic organization — Space

Radial recursive organization — Light

Organized noncommutative closure — Mass / Spin

Complete MI closure — Extreme closure

Integrated k'-k* organization — Cosmos.

11. Conclusion

This study has proposed a unified interpretation of the spatial k'-k* hierarchy of the Complex
Quaternionic Spherical Oscillator based on time-independent phase equilibrium,
Multiplicative Invariance, and Dimensional Primitive organization.

The fundamental physical entity is represented as

Q C=Zo+7Zii+ Zoj + 7k,

Z, = AeN(10,),

and its fundamental motion as

Ml-preserving oscillation.

From this common basis, four organizational regimes are distinguished.

k! represents an isotropic phase-equilibrium CQSO and provides the relational basis of space
and coherent physical existence.

13
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k? introduces an intrinsic radial phase gradient and recursive phase alignment, providing a
structural interpretation of light and propagation.

k? introduces sequential noncommutative organization, phase condensation, physical
individuality, and quaternionic 4r closure, connecting mass and spin within a common phase-
geometric structure.

k* represents the proposed complete MI-closure regime. Its \'3 phase-field relation is

ro =13 r s,

r s=ro\3,

and, when r_s is identified with the Schwarzschild scale,

r s=2GM/c?,

ro = 2V3 GM/c2.

The complete COD spatial hierarchy is therefore

k' — Isotropic equilibrium — Space — 2=

k? — Radial phase gradient — Light — 2z

k?® — Noncommutative condensation — Mass / Spin — 4x

k* — Complete MI closure — Extreme closure — proposed 67

and

k'-k* Integrated Organization = General CQSO Manifold of the Cosmos.
Accordingly, space, light, mass, spin, and extreme closure are interpreted not as
fundamentally disconnected categories but as distinct organizational regimes of a common
MlI-preserving CQSO phase geometry.

The most compact statement of the proposed spatial interpretation is therefore:

Space is the isotropic relational organization of CQSO phase freedom; light is its radial
recursive organization; mass and spin are its noncommutative self-organization and closure;

and k* represents its proposed complete MI closure. The Cosmos is the integrated manifold of
these k'-k* organizational regimes.
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