
Quantum AetherDynamics Institute (QADI)

The Dynamical Geometry of the Aether Fabric
Frame-Transported Six-Port Propagation, Two-State Temporal

Closure, and Exact Recovery of the Photon Speed

David W. Thomson III
Quantum AetherDynamics Institute (QADI), Alma, Illinois, USA

ORCID: 0000-0002-5830-5427

Version 1.0 – July 26, 2026

This article is published by the Quantum AetherDynamics Institute (QADI).

It develops the Aether Physics Model (APM)

https://orcid.org/0000-0002-5830-5427


CONTENTS 1

Abstract

The preceding six-port construction of the Aether fabric derived an exact octahedral compat-
ibility frame and a preliminary fixed-frame photon operator. Its exact long-wave propagating
branch had rate c/

√
3 rather than c, thereby identifying two missing structures: compatibility-

driven transport of the local octahedral frame and two physical states in the inherited two-
dimensional temporal sector. This paper completes those structures.

The six sampled phase components supply an orthonormal interface triad. Besides the odd
spatial normal, the phase geometry produces an even interface axis that is an exact affine lift of
the temporal registration. Normal reversal together with continuity of this even axis uniquely
determines a proper half-turn across a shared port. A packing-weighted frame mismatch then
yields an explicit discrete torque equation. The direction that aligns the frame is derived from
the six-port phtn state itself, and its first orientation-selecting scalar is the fourth octahedral
moment.

The operator is fixed to the APM photoelectric ontology before its state dynamics are
introduced. The phtn is the frequency-independent quantum of action at a distance,

phtn = hc = angm c = meλC
3Fq

2,

whereas the continuous transported light quantity is ligtL = phtnfL. The six-port state is the
local transport state of an expanding cardioid front, not a point-like energy packet. Unitarity
preserves total phtn content while the local areal intensity decreases as the conserved ligtL is
distributed over the growing front. No E = hf premise is used.

The temporal plane carries the canonical complex structure J2
T = −I2. Its two complex

eigenspaces give opposite temporal-handed photon states. A unitary link connection transports
these states with opposite holonomy phases while preserving a common phtn phase. Independently,
a nonnegative turning functional is minimized uniquely by the antipodal straight-through coin.
The dynamically transported operator is therefore unitary and reciprocal. Its exact homogeneous
characteristic polynomial is a reciprocal degree-twelve product. In the aligned unloaded sector it
reduces to (

z2 − 2 cos K z + 1
)2 = 0,

so both temporal-handed branches satisfy Ω2
γ,+ = Ω2

γ,− = K2 exactly on the principal branch.
With the inherited Aether spacing dA = λC and tq = Fq

−1, the free propagation rate is λCFq = c
without a compensating numerical factor. Constraining the independent temporal fiber back
into the port-temporal subspace exactly recovers the predecessor’s c/

√
3 frame-locked branch.

The first dynamic corrections are controlled by frame misalignment and temporal holonomy. A
one-class Z3 temporal-registration slip produces a coefficient-free oriented temporal-polarization
rotation of ±120◦, conditional on physical realization of such a defect.

Keywords: Aether Unit; six-port propagation; dynamic frame; phtn; ligt; cardioid front; photoelec-
tric effect; temporal handedness; holonomy; QMU; APM; discrete space; unitary operator
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1 Introduction

The Aether Physics Model assigns physical priority to structured space. The primitive Aether
Unit is a non-material rmfd chronogeometry whose internal dimensions, orientation capacity,
and neighboring compatibility relations precede the organization of visible matter. The recently
completed relational-geometry paper established the local reference architecture of that fabric: six
equal phase components form a regular five-dimensional simplex; antipodal parity separates its
nonconstant sector into three odd spatial coordinates and two even temporal coordinates; and the
spatial projection gives six octahedral compatibility ports [Thomson III, 2026e]. The same work
retained the internal–external–relational balance

m
(0)
p

me
=
(

Au

kC

)
Πphys = 16π2

(
6π3

16

)
= 6π5, (1)

so particle-mass closure, Aether-unit orientation geometry, and relational packing remain parts of
one constraint rather than independent numerical inputs [Thomson III, 2025d,c, 2026b].

The predecessor also derived a conditional fixed-frame photon operator. That operator was unitary
and its characteristic polynomial was exact, but its long-wave propagating branch was

Ω2
locked = K2

3 + O(K4), (2)

which gives vlocked = c/
√

3 when dA = λC and tq = Fq
−1. The result was recorded as a diagnostic

failure rather than repaired by changing the step length, the quantum moment, or the operator
normalization. It proved that an elementary Aether-step rate and a coherent free-propagation
eigenmode are different questions. It also established that the next operator must dynamically
transport the local frame and carry two temporal photon states [Thomson III, 2026e].

This paper constructs that operator. The central problem has four linked parts. First, the shared-port
rule

(n, t) 7−→ (−n, t) (3)

fixes the spatial normal and temporal registration but appears to leave a twist about the normal.
The six-phase geometry must determine that twist without an arbitrary gauge prescription. Second,
the local frame Rj ∈ SO(3) must be selected by a compatibility functional rather than aligned by
hand. Third, the two states must arise from the inherited temporal plane rather than from an
appended label. Fourth, the straight-through free coin must be derived from local geometry and not
chosen because it produces the desired speed.

The result is an exact factorized theory. The free aligned operator and the frame-locked predecessor
are not separated by a numerical interpolation coefficient. They are different temporal-rank classes of
the same six-port geometry. The independent temporal fiber gives the free branch v = c; compressing
that fiber into the six-dimensional port-temporal subspace recovers v = c/

√
3.

This dynamical completion is also the point at which the six-port fabric must be joined explicitly to
the APM photoelectric and cardioid-propagation program. In that program, phtn = hc is a fixed
quantum of action at a distance, ligt = phtn freq is continuous transported light, and the emitted
phtn expands as a cardioid-weighted front whose local intensity decreases because its conserved
content is distributed over an increasing number of Aether-front elements [Thomson III, 2026d,a,c].
The local six-port operator developed here supplies the Unit-to-Unit transport law for those front
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elements. It does not replace the global cardioid front with a point particle, and it does not adopt
E = hf as an APM ontology or dynamical premise.

The main text is QMU-first. The principal identities used below are

Au ≡ rmfd, Au curl = temp = c2, dtrd = λC
3Fq

2,

enrg = meλC
2Fq

2, h ≡ angm = meλC
2Fq.

(4)

Here curl is the QMU scalar curl unit. The vector curl operator is not used in Equation (4).

1.1 Scope and epistemic discipline

The paper maintains four statuses.

Table 1: Epistemic categories used throughout the derivation.

Status Meaning Principal examples

Derived Follows algebraically from the inher-
ited six-phase geometry and stated
variational principles.

Temporal-to-spatial interface lift;
port-resolved torque; two temporal-
handed states; free coin; exact dy-
namic characteristic polynomial.

Inherited Established in archived APM/QMU
papers and used without full rederiva-
tion.

Six-port simplex; 3 + 2 parity split;
dA = λC working spacing; fixed-
frame polynomial; phtn = hc; con-
tinuous ligt; cardioid-front transport
and photoelectric reception gating.

Constitutive selec-
tion

Minimal QMU-consistent term whose
shape is specified but whose absolute
coefficient is not yet independently
normalized.

Frame stiffness; phtn-alignment stiff-
ness; additions to the common phtn
phase.

Open Requires a further derivation, geomet-
ric realization, or measurement.

Absolute stiffnesses; non-adiabatic
frame response; physical realization
of a registration-slip defect.

Internal validation asks whether the equations follow from the stated construction. External
validation asks whether an independently measured observable agrees with a derived consequence.
The symbolic and numerical package supplied with this manuscript addresses the first question.
The registration-slip result in Section 14 is an externally testable conditional prediction, but no
experimental realization is asserted here.

2 Inherited Six-Port Chronogeometry

2.1 Ontology retained from the predecessor

Creation belongs to the primordial Singularity bifurcation. The bifurcation produces the dimensions
and complementary sectors. Gforce acting upon magnetic charge constructs the Aether Unit. The
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Aether Unit does not create matter. It is a non-material rmfd chronogeometry that organizes
the dimensions produced by the bifurcation and may contain one materially occupied Ligamen
Circulatus channel [Thomson III, 2026f,b].

Magnetic charge is the distributed loxodromic charge geometry of the Aether Unit. It is not a
point-like particle, an isolated monopole, or a separately liberated material species. The two carrier
spheres are complementary electrostatic-charge sectors, not particles. Only one Ligamen channel is
materially occupied at an exposed moment. The six components used below are relational phase
and packing components; they are not six simultaneously occupied Ligamen channels. The physical
terms are orientation state, carrier branch, loxodromic channel, swept band, temporal registration,
and compatibility port.

2.2 Six phases and the five-dimensional simplex

The six relational phase labels are

φj = 2πj

6 , j = 0, . . . , 5. (5)

The five nonconstant real Fourier coordinates define

qj =
(√

1
3 cos φj ,

√
1
3 sin φj ,

√
1
3 cos 2φj ,

√
1
3 sin 2φj ,

√
1
6 cos 3φj

)T

, (6)

with Gram relation
qi · qj = δij − 1

6 . (7)

Thus the six phase components form a regular five-dimensional simplex frame [Benedetto and Fickus,
2003, Thomson III, 2026e].

Antipodal phase translation sends φj 7→ φj + π. Odd and even harmonics separate the nonconstant
space as

R5 = V
(3)

odd ⊕ V (2)
even. (8)

The odd sector reverses under the shared-interface relation and supplies the spatial port normals.
The even sector remains unchanged and supplies temporal registration.

2.3 Octahedral ports and temporal registrations

The normalized spatial port curve is

n(φ) =
(√

2
3 cos φ,

√
2
3 sin φ,

1√
3

cos 3φ

)T

. (9)

At the six sample phases,
nj = n(φj), nj+3 = −nj . (10)

The first three vectors are mutually orthonormal; the other three are their antipodes. Up to a global
rotation, the set is {±x̂, ±ŷ, ±ẑ}.
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The temporal registration is

tj =
(

cos 2φj

sin 2φj

)
, tj+3 = tj . (11)

There are three unique registrations separated by 2π/3 in one two-dimensional temporal plane. The
six-port state space decomposes as

R6 = H(3)
S ⊕ H(2)

T ⊕ H(1)
0 . (12)

The present paper promotes HS to a dynamically transported local spatial frame and complexifies
HT to obtain the two-state temporal photon fiber.

3 Temporal-to-Spatial Interface Lift

The shared-port rule in Equation (3) is incomplete until the twist around the spatial normal is fixed.
The missing axis is already encoded by the same six phases.

3.1 Phase tangent and even interface axis

Differentiate Equation (9). At the sampled phases the normalized phase tangent is

bj =

− sin φj

cos φj

0

 . (13)

Define
cj := nj × bj . (14)

Then
Fj = (nj bj cj) ∈ SO(3). (15)

The parities are
nj+3 = −nj , bj+3 = −bj , cj+3 = cj . (16)

The third axis is even under the same antipodal translation that preserves temporal registration.

Direct substitution gives the exact lift

cj =
(

− tj,1√
3

,
tj,2√

3
,

√
2
3

)T

. (17)

Thus the temporal registration fixes an axis in the plane transverse to the port normal. The apparent
spatial twist freedom is removed by the inherited phase geometry.
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Figure 1: Odd port normals and even temporal interface axes. The three antipodal spatial pairs
have three shared even axes, c0 = c3, c1 = c4, and c2 = c5.

3.2 Unique proper antipodal half-turn

The proper rotation that reverses the spatial normal while preserving the even interface axis is

Lj = 2cjc
T
j − I3. (18)

It satisfies
Ljnj = −nj , Ljbj = −bj , Ljcj = cj , (19)

with
LT

j Lj = I3, det Lj = 1, L2
j = I3. (20)

Normal reversal and continuity of cj determine the images of two independent axes. Proper
orientation fixes the third. Equation (18) is therefore the unique proper interface lift in the inherited
reference gauge.
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4 Port-Resolved Dynamic Frame Functional

Let each Unit carry a local frame

Rj ∈ SO(3), njα = Rjnα, cjα = Rjcα. (21)

Suppose port α of Unit j meets the antipodal port ᾱ = α+3 of Unit k. Perfect interface compatibility
requires

njα = −nkᾱ, cjα = ckᾱ. (22)

4.1 Minimal port-temporal mismatch

The nonnegative mismatch that tests exactly Equation (22) is

Φ(α)
jk = 1 + njα · nkᾱ + 1 − cjα · ckᾱ. (23)

Using Ajk = RT
j Rk and the antipodal parities,

Φ(α)
jk = 2 − nT

αAjknα − cT
αAjkcα. (24)

Agreement on the normal and the even axis also fixes the phase tangent, so no third penalty is
required.

Let Γjk = Πjk/Πphys be the inherited registered packing participation of the interface. The frame
functional is

FR

enrg =
∑

⟨j,k⟩α

Γjkκ̂R,jkΦ(α)
jk . (25)

The shape of Φ(α)
jk is derived. The dimensionless absolute stiffness κ̂R remains a constitutive

coefficient requiring independent QMU normalization.

4.2 Exact link torque

Vary the frame by
δRj = Rj [δθj ]×. (26)

Then
δΦ(α)

jk = −δθj · [nα × (Ajknα) + cα × (Ajkcα)] . (27)
The local torque exerted by link jk is therefore

τ
(α)
jk = enrg Γjkκ̂R,jk [nα × (Ajknα) + cα × (Ajkcα)] . (28)

For a small relative rotation Ajk = I3 + [ω]× + O(|ω|2),

τ
(α)
jk = enrg Γjkκ̂R,jk [ω + (bα · ω)bα] + O(|ω|2). (29)

The interface has one unit of stiffness for infinitesimal rotation about nα and cα, but two units
about the odd phase tangent bα. This anisotropy follows from simultaneously enforcing normal
reversal and temporal continuity.
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5 Phtn Ontology, Ligt Transport, and Cardioid-Front Propagation

5.1 Fixed phtn quantum and the exclusion of the E = hf premise

The six-port state must be interpreted in the established APM photoelectric ontology. Planck’s
constant is the QMU angular-momentum unit,

h ≡ angm = meλC
2Fq, (30)

and the phtn is the fixed quantum of action at a distance

phtn := hc = angm c = meλC
3Fq

2. (31)

The phtn does not acquire a different QMU magnitude when the source freq changes. Source freq
instead determines the continuous transported light quantity

ligtL := phtnfL. (32)

Thus phtn and ligt are distinct QMU quantities: phtn is the invariant action-at-a-distance quantum,
while ligtL is its freq-weighted continuous transport content. The APM photoelectric mechanism is
not built from collisions with variable-energy packets and does not use E = hf as an ontological
identity. The enrg unit remains

enrg = meλC
2Fq

2, (33)
and material enrg response occurs at the receiving compatibility structure through the photoelectric
accumulation and gate process [Thomson III, 2026d,c]. Equation (32), not E = hf , is the freq-
dependent relation inherited by the present operator.

5.2 Exact QMU closure of phtn current and ligt

With tq = Fq
−1, Equations (30)–(31) give the canonical one-moment phtn-current scale

phtn
tq

= phtnFq = meλC
3Fq

3. (34)

The QMU radiometry identities are

irrd := meFq
3, volm := λC

3, (35)

so the same quantity closes as

ligtq := phtn
tq

= phtnFq = irrd volm. (36)

Here ligtq is the canonical QMU ligt scale associated with freq = Fq. For a source at fL,

ligtL

ligtq

= fL

Fq
. (37)

This identity will reappear in the common link phase. It establishes that the paper’s phtn-current
scale is dimensionally the ligt transport scale; it is not an energy-per-particle assignment.
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5.3 Expanding cardioid front and local intensity

The global phtn geometry inherited from the APM photoelectric transport layer is an expanding
cardioid-weighted front [Thomson III, 2026a]. One quantum moment advances the front by one
Compton length,

rn = nλC , (38)

and the discrete front support grows as

An = n2λC
2 = r2

n. (39)

Let
Wγ(θ) := 1 + ζγ cos θ

4π
, 0 ≤ ζγ ≤ 1,

∫
Wγ(θ) dΩ = 1, (40)

be the normalized cardioid angular weighting about the emission axis. The local areal light intensity
is then

lint(rn, θ) = ligtL

r2
n

Wγ(θ). (41)

Accordingly, conserved ligtL does not diminish during unloaded propagation. Its local delivery
decreases because the same transported content is distributed over the increasing front support. In
the volumetric detector description,

irrdeff(n, θ) = ligtL

Veff(n, θ) . (42)

The primitive QMU unit irrd = meFq
3 is fixed; it is the local effective irradiance or the areal

intensity that changes with propagation geometry.

5.4 Meaning of the six-port phtn state

The local state ψjα used below is the temporal transport state of a cardioid-front element crossing
Aether Unit j through directed port α. It is not the entire phtn concentrated at one node and is
not a particle trajectory through a cubic lattice. For a normalized single-phtn front Fn,

∑
j∈Fn

5∑
α=0

ψ†
jαψjα = 1. (43)

The unitary six-port update preserves this total normalization and therefore the phtn content. The
inverse-square envelope in Equation (41) arises from the growth of the set Fn, not from loss in the
local operator. The state-derived current in the next section is consequently the local first moment
of the expanding front’s port occupations. At reception, the transported ligtL becomes boundary
data for the APM photoelectric compatibility gate; the present paper derives transport and does
not replace that receiver-side mechanism.
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6 Phtn Current and Octahedral Alignment

6.1 State-derived direction

Let
ψjα ∈ C2 (44)

be the temporal spinor carried by a local cardioid-front element on directed port α, and define its
occupation

ρjα = ψ†
jαψjα. (45)

The dimensionless directed phtn current is

Jγ,j =
5∑

α=0
ρjαnjα. (46)

When Jγ,j ̸= 0, the direction used by the frame functional is

uγ,j = Jγ,j

|Jγ,j |
. (47)

It is derived from the state rather than prescribed externally. Under a global rotation G ∈ SO(3),
Jγ,j 7→ GJγ,j . It is also invariant under simultaneous octahedral relabeling of the port normals and
occupations.

The canonical QMU phtn-current scale is

phtn
tq

= phtnFq = ligtq. (48)

For the emitted source freq, the physical local ligt-current vector is

J γ,j := ligtL Jγ,j =
(

fL

Fq

)
phtn

tq
Jγ,j . (49)

Equation (46) supplies the dimensionless state-derived direction and local occupation weight;
Equations (48)–(49) supply its QMU transport magnitude. This is the local six-port current of the
expanding cardioid front, not a point-particle velocity.

6.2 Fourth-moment alignment order

The octahedral first moment vanishes and its second moment is isotropic. Neither can select a frame
orientation. Let

sj = RT
j uγ,j , |sj | = 1, (50)

and define

Q4,j =
3∑

a=1
s4

j,a. (51)
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The normalized octahedral order is

Λ4,j = 3Q4,j − 1
2 . (52)

It obeys 0 ≤ Λ4 ≤ 1. A port axis has Λ4 = 1, a face diagonal has Λ4 = 1/4, and a body diagonal
has Λ4 = 0.

A minimal phtn-alignment term is

FγR

enrg =
∑

j

κ̂γ,jργ,j(1 − Λ4,j), (53)

with torque
τ γ,j = 6enrg κ̂γ,jργ,j

(
s◦3

j × sj

)
. (54)

The complete stationary frame condition is∑
k∈N(j)

τ jk + τ γ,j + τ carrier,j = 0. (55)

In an unloaded free domain, the carrier term vanishes and the frame rotates until one port pair
aligns with uγ,j .

7 Two-State Temporal Photon Fiber

The inherited temporal sector is a real oriented plane. Its canonical complex structure is

JT =
(

0 −1
1 0

)
, J2

T = −I2. (56)

Complexification gives
T = HT ⊗R C = T+ ⊕ T− ∼= C2. (57)

A normalized handed basis is

h+ = 1√
2

(
1

−i

)
, h− = 1√

2

(
1
i

)
, (58)

with
JThη = ηihη, η = ±1. (59)

The two eigenspaces are independent over C. Their eigenvalue distinguishes temporal handedness.
The common phtn phase acts through I2, so both states carry the same positive phtn content. Their
distinction is not a positive-versus-negative phtn assignment and does not require a complementary
carrier label.

The local free-photon state space is therefore

Hγ,j = C6
port ⊗ Tj . (60)

This is the required two-state completion of the scalar six-port operator.
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8 Temporal Link Connection and Holonomy

On a compatible shared interface define the common directed normal

ujk = njα = −nkᾱ. (61)

The even axes lie in the plane transverse to ujk. Their signed twist is

ωjk = atan2 (ujk · [cjα × ckᾱ], cjα · ckᾱ) . (62)

Reversing the link gives ωkj = −ωjk.

The temporal-handed transport is

Hjk = exp(−ωjkJT ), Hkj = H†
jk. (63)

In the handed basis,
Hjkhη = e−iηωjkhη. (64)

The complete temporal link operator separates a common phtn phase from the handed connection:

Tjk = e−iδχjkHjk. (65)

The common phase may be written

δχjk = 2π
fL

Fq
+ δχε,jk + δχscalar hol,jk. (66)

By Equation (37), the freq contribution is equivalently

2π
fL

Fq
= 2π

ligtL

ligtq

. (67)

It counts common phtn phase advance relative to one quantum moment; it does not assign an enrg
hf to the phtn. The Ledger and scalar-holonomy terms remain open derivations. They multiply
both handed states equally and are distinct from the opposite phases in Equation (64).

For a closed oriented loop C,

HC =
∏

(jk)∈C
Hjk = exp(−ΩCJT ), ΩC =

∑
(jk)∈C

ωjk (mod 2π). (68)

The handed states acquire phases ∓ΩC. A linear vector in the temporal plane rotates by ΩC.
This is the local six-port realization of transported temporal holonomy anticipated in the earlier
five-dimensional-to-four-dimensional program [Thomson III, 2025b].
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9 Variational Derivation of the Free Coin

Let the local coin be a 6 × 6 block matrix

Cj = (Cβα)5
β,α=0, Cβα ∈ C2×2, (69)

subject to unitarity. An amplitude arriving through outward label α has physical incoming direction
−nα. Sending it out through β incurs the turning cost

1
2∥nβ + nα∥2 = 1 + nβ · nα. (70)

For positive arrival weights pα, define

ΦC [C] =
∑
α,β

pα(1 + nβ · nα) tr(C†
βαCβα). (71)

Every term is nonnegative. For an octahedral port set the geometric coefficient is zero only for
β = ᾱ. Consequently, subject to unitarity,

ΦC = 0 ⇐⇒ Cβα = δβ,ᾱUα, Uα ∈ U(2). (72)

The spatial part of the free coin is uniquely the antipodal involution

A6|α⟩ = |ᾱ⟩. (73)

Temporal continuity and unloaded port equivalence select the same temporal update on all channels.
Hence

Cfree,j = A6 ⊗ e−iδχj Hj . (74)

The free straight-through coin is therefore a variational result. It is not inserted because it produces
c.

10 Dynamically Transported Unitary Operator

Let ν(j, α) denote the neighboring Unit reached through port α. Directed-edge pairing is involutive:

ν(ν(j, α), ᾱ) = j. (75)

The dynamic shift acts as
|j, α⟩ ⊗ v 7−→ |ν(j, α), ᾱ⟩ ⊗ Hj,ν(j,α)v. (76)

The graph action is a permutation and each Hjk is unitary, so

S†
dynSdyn = I. (77)

The one-moment evolution is

Ψ(n+1) = U (n)
dynΨ(n), U (n)

dyn = C(n)
freeS

(n)
dyn. (78)

Because both factors are unitary,
U†

dynUdyn = I. (79)

Reverse-edge transport is the adjoint. After removal of the common phtn phase, the spectrum is
reciprocal.
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Port state
six directed ports

two temporal-handed states

State-derived current
sum of port occupations

weighted by local port normals

Dynamic frame
SO(3) frame field

compatibility + photon torque = 0

Aligned ports
selected port pair

parallel to photon current

Temporal link
common photon phase

plus opposite handed holonomy

Free coin
antipodal port involution

unique zero-turning unitary

One-moment update
dynamic coin x dynamic shift

unitary and reciprocal

selected pairlink state frame transport

aligned sector: [z^2 - 2 cos(K) z + 1]^2

Dynamically transported six-port photon operator

Figure 2: Architecture of the dynamically transported six-port photon operator. The phtn state
determines its local current; the frame equation aligns one port pair; the temporal connection
transports the two handed states; and the variationally selected antipodal coin produces the unitary
one-moment update.

11 Exact Homogeneous Dispersion

Choose the local frame as the reciprocal-space reference. Order the directed ports as three positive
axes and their antipodes. Define

κa = dAk · na, a = 1, 2, 3, (80)

and let ωa be the signed temporal twist on the positive link. The reverse link carries −ωa.

After the straight-through coin and removal of the common phtn phase, the homogeneous operator
is ̂̃Udyn = diag

(
eiκ1H1, eiκ2H2, eiκ3H3, e−iκ1H†

1 , e−iκ2H†
2 , e−iκ3H†

3

)
. (81)

Its exact characteristic polynomial is

Pdyn(z̃) =
3∏

a=1

∏
η=±1

[
z̃2 − 2 cos(κa + ηωa)z̃ + 1

]
. (82)

It is reciprocal and has degree twelve. No small-K determinant approximation is used.

In an unloaded compatibility domain, ωa = 0, and

Pfree(z̃) =
3∏

a=1

[
z̃2 − 2 cos κa z̃ + 1

]2
. (83)

The square on each directional pair is the exact two-state temporal degeneracy.
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11.1 Aligned physical sector

The stationary frame equation selects one port pair parallel to the phtn current:

n∥ = uγ . (84)

For propagation along the transported current,

κ∥ = K. (85)

The physical pair therefore has

Pγ(z̃) =
[
z̃2 − 2 cos K z̃ + 1

]2
. (86)

Its eigenvalues are
z̃s,η = e−isK , s = ±1, η = ±1. (87)

Hence
Ω̃2

γ,+ = Ω̃2
γ,− = K2. (88)

The equality is exact throughout the principal phase interval. The perfectly aligned unloaded sector
has no intrinsic K3, K4, or higher dispersive correction.

Its propagation rate is

vfree = dA

tq
. (89)

Using the inherited Aether step scales

dA = λC , tq = Fq
−1, (90)

gives
vfree = λCFq = c. (91)

No
√

3 correction, altered spacing, or modified quantum moment is introduced.

12 Exact Frame-Locked Constraint

The free theory carries an independent temporal fiber over every directed port. The predecessor
instead rotated the two-dimensional temporal subspace embedded inside the six-port amplitude. Let
ET be an orthonormal embedding of the temporal plane into C6 and PT = ET ET

T . The constrained
port update is

Vϑ = I6 − PT + ET R2(ϑ)ET
T . (92)

The locked coin and Bloch operator are

Clocked = A6Vϑ, Ûlocked = VϑD−1. (93)

For the three-registration temporal cycle

ϑ = 2π

3 , (94)
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Equation (93) is exactly the predecessor operator. It retains the reciprocal sixth-degree polynomial

z6 − S1z5 + S2z4 − 2S3z3 + S2z2 − S1z + 1 = 0 (95)

and the long-wave branch

Ω2
locked = K2

3 + 7 − 15Q4 − 54Q6
216 K4 + O(K6). (96)

Thus
vlocked = c√

3
. (97)

The locked theory is a temporal-rank constraint: it removes the independent two-state fiber and
forces temporal rotation into the port-temporal subspace. It is not obtained by continuously
reducing a temporal angle in the factorized free operator. Indeed, for every nonzero lock parameter
γ = cos ϑ ̸= 1, the zero-phase sector has the expansion

P (2 − aK2,k) = −2
3(γ − 1)a(3a − 1)K4 + O(K6), (98)

so the propagating root remains a = 1/3. At γ = 1 the spectrum reorganizes rather than approaching
the free branch perturbatively.
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Figure 3: Exact dynamic aligned branch and the predecessor’s frame-locked propagating branch
along a principal axis. The free branch is |Ω| = K with twofold temporal-handed degeneracy. The
locked branch approaches K/

√
3 at long wavelength.
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13 First Dynamic Corrections

The aligned unloaded sector is exactly nondispersive. Its first nonzero corrections therefore arise
from temporal link holonomy or incomplete frame alignment, not from an arbitrary lattice coefficient.

13.1 Temporal holonomy split

For a selected aligned axis with uniform signed twist ω, the forward branches are

Ω̃γ,η = K + ηω, η = ±1. (99)

The handed splitting is
∆Ω̃+− = 2ω. (100)

A linear temporal-polarization vector rotates by ω while its two handed components acquire relative
phase 2ω.

13.2 Finite alignment correction

Let δ be the angle between the selected port and the local propagation direction. Then

Ω̃γ,η = K cos δ + ηω. (101)

Near an aligned minimum,
Λ4 = 1 − 3δ2 + O(δ4). (102)

Therefore

Ω̃γ,η = K

[
1 − 1 − Λ4

6 + O((1 − Λ4)2)
]

+ ηω, (103)

and
v∥
c

= 1 − 1 − Λ4
6 + O((1 − Λ4)2). (104)

The same fourth moment Q4 that controls the first octahedral alignment order also appears in the
predecessor’s first frame-locked cubic correction in Equation (96). This is a structural correlation
between the dynamic and constrained sectors.

14 Prediction: Z3 Registration-Slip Holonomy

The three unique temporal registrations have angular representatives

τa = 0,
2π

3 ,
4π

3 (mod 2π). (105)

A defect that changes temporal registration by class m ∈ Z3 carries

ωm = 2πm

3 . (106)
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Figure 4: Coefficient-free temporal holonomy law. A signed link twist ω produces opposite handed
phases with relative change 2ω and rotates a linear temporal-polarization vector by ω.

The handed states acquire
hη 7−→ e−iη2πm/3hη, (107)

so their relative phase is

∆χ+− = 4πm

3 (mod 2π). (108)

For m = ±1, an oriented linear temporal-polarization vector rotates by ±120◦. If a measurement
identifies only an unoriented linear axis, the same transformation is equivalent modulo 180◦ to a
60◦ axis rotation.

This result contains no fitted coefficient. Its condition is geometric: a physical defect, boundary,
or occupied Aether neighborhood must produce a one-class registration slip. Identifying that
realization and the direct map from the temporal plane to a specified polarization analyzer are
separate experimental tasks. The prediction is therefore conditional but quantitatively fixed.

15 Discussion

15.1 What has been completed

The six-port photon sector now closes at the operator level. The frame field is no longer externally
assigned: its stationary orientation follows from the port-resolved compatibility torque and the
state-derived phtn current. The temporal plane is no longer a scalar phase label: its complex
structure yields two independent handed states. The free coin is no longer an expedient constitutive
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choice: it is the unique zero-turning unitary of the octahedral port geometry. Together these results
produce an exact unitary and reciprocal dynamic operator.

The central dispersion result is stronger than a long-wave match. The aligned physical polynomial
factorizes exactly as Equation (86); therefore both temporal-handed branches satisfy Equation (88)
throughout the principal phase interval. The recovery of c follows from the inherited Aether scales
and does not require a numerical repair factor.

15.2 Photoelectric and cardioid-front closure

The phtn operator now belongs to one continuous APM dynamical chain:

emission holonomy −→ phtn = hc −→ expanding cardioid front −→ local six-port transport
−→ ligtL −→ photoelectric compatibility gate −→ material enrg response

(109)
The chain prevents two recurring ambiguities. First, the local selected port pair is a characteristic
direction of a distributed front, not evidence that the phtn is a localized pellet. Second, source
freq determines ligtL = phtnfL and the common phase ratio fL/Fq; it does not alter the invariant
phtn magnitude or establish E = hf as the APM mechanism. Transport controls the delivered lint
or effective irrd, while receiver geometry and temporal compatibility control whether accumulated
ligt produces a photoelectric event. The present paper therefore supplies the Aether-unit dynamics
between the established emission and reception descriptions without redundantly rederiving either
one.

15.3 Why the fixed-frame failure was necessary

Had the predecessor stopped at the elementary identity dA/tq = c, the need for a dynamic frame
would have remained hidden. The exact c/

√
3 calculation ruled out a globally locked cubic frame as

the free propagation mechanism. It also showed that changing the temporal rotation angle within
the same six-dimensional port space does not continuously recover c. The negative result therefore
identified a change of state-space factorization, not a missing coefficient.

The constrained branch remains physically useful. A pinned, crystalline, saturated, or defect-bound
Aether neighborhood can support the locked operator and its c/

√
3 long-wave branch. The free and

locked sectors provide a discriminating pair of signatures rather than mutually exclusive derivations.

15.4 Remaining constitutive and geometric obligations

The following items remain open and are not hidden inside the completed operator:

1. A full surface-contact derivation of dA = λC from physical Aether packing.
2. Independent QMU normalization of κ̂R and κ̂γργ .
3. A non-adiabatic frame equation containing a derived frame-inertia or relaxation QMU quantity.
4. Source-dependent turning laws for occupied, deformed, or refracting domains.
5. Derivation of the Ledger and scalar-holonomy contributions to δχ.
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6. A metrological map from the temporal plane to a specified experimental polarization analyzer
and a direct receiver model connecting the local handed basis to a chosen photoelectric
apparatus.

7. Identification of a geometry or environment that realizes a one-class Z3 registration slip.
8. A non-equilibrium transition law between the free and locked factorization classes.

No interpolation law is introduced merely to connect the two exact limits.

16 Conclusion

The relational geometry of the Aether fabric has been extended from a static six-port reference
frame to a dynamically transported photon operator. The inherited phase set supplies an exact
even interface axis, so spatial normal reversal and temporal continuity determine a unique proper
half-turn across each shared port. That structure yields a port-resolved frame functional and torque
equation. The phtn state determines its own current direction, and the fourth octahedral moment
aligns one local port pair with that current.

The operator is now explicitly closed to the APM photoelectric ontology. The transported quantum
is phtn = hc = angm c, independent of source freq; continuous light is ligtL = phtnfL; and the
six-port state transports local elements of an expanding cardioid front. Unitary evolution preserves
the total phtn content, while lint(rn, θ) = ligtLWγ(θ)/r2

n describes the decrease in local delivery as
the front expands. The receiver-side photoelectric gate acts on this transported ligt. No E = hf
premise enters the construction.

The two-dimensional temporal sector carries a natural complex structure whose two eigenspaces
are opposite temporal-handed photon states. Their link connection is unitary, reciprocal, and
holonomic. A separate nonnegative turning functional selects the antipodal free coin uniquely. The
resulting homogeneous operator has an exact reciprocal degree-twelve characteristic polynomial.
In the aligned unloaded sector, the physical polynomial is the square of one reciprocal quadratic,
giving two degenerate branches with Ω2 = K2 and propagation rate c under the inherited Aether
step scales.

The predecessor’s c/
√

3 result is retained exactly as a temporal-rank-constrained, frame-locked limit.
The first dynamic departures from free propagation are frame misalignment and temporal holonomy.
A one-class temporal-registration slip predicts a fixed ±120◦ oriented temporal-polarization rotation.
The paper therefore completes the internal kinematic and operator closure required for a QMU-first
theory of free phtn propagation and fixes its place within the cardioid-front and photoelectric
dynamics of the Aether Unit, while leaving absolute stiffness, defect realization, and experimental
analyzer mapping as explicit next obligations.
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A Exact Phase-Triad Identities

At φj = jπ/3, Equations (9) and (13) give

nj · bj = 0, |nj | = |bj | = 1. (110)

Because cj = nj × bj , Fj ∈ SO(3). Expanding the cross product gives

cj =
(

− 1√
3

cos 2φj ,
1√
3

sin 2φj ,

√
2
3

)T

, (111)

which proves Equation (17). The parities follow from

cos(φ+π) = − cos φ, sin(φ+π) = − sin φ, cos 2(φ+π) = cos 2φ, sin 2(φ+π) = sin 2φ. (112)

B Variation of the Port-Resolved Frame Functional

For any fixed vectors x and y,

δ(xT Ajky) = δθj · [x× (Ajky)] (113)

under δRj = Rj [δθj ]×, with the sign determined by δRT
j = −[δθj ]×RT

j . Applying this identity to
both terms in Equation (24) gives Equation (27).

For Ajk = I + [ω]× + O(ω2),

x× (Ajkx) = ω − (x · ω)x+ O(ω2). (114)

Using the orthonormal triad {n, b, c} and summing the n and c terms gives Equation (29).

C Turning-Functional Minimization

The octahedral dot products relative to a fixed port α are

nβ · nα =


1, β = α,

−1, β = ᾱ,

0, otherwise.

(115)

Therefore the turning coefficients in Equation (71) are 2, 0, or 1, respectively. Since pα > 0 and
each block norm is nonnegative, ΦC = 0 requires all nonzero blocks in column α to lie in row ᾱ.
Unitarity then requires one unitary 2 × 2 block in every such position, proving Equation (72).

D Degree-Twelve Characteristic Polynomial

Each Ha = exp(−ωaJT ) has handed eigenvalues e−iηωa . The positive-link block eiκaHa therefore
has eigenvalues ei(κa−ηωa); the reverse-link block has their reciprocals. Pairing reciprocal roots gives

(z̃ − ei(κa+ηωa))(z̃ − e−i(κa+ηωa)) = z̃2 − 2 cos(κa + ηωa)z̃ + 1. (116)

Multiplication over three axes and two handed states produces Equation (82). Reciprocity is exact
term by term.
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E Frame-Locked Polynomial Reconstruction

The fixed-frame phase matrix is

D(k) = diag(eiκ1 , eiκ2 , eiκ3 , e−iκ1 , e−iκ2 , e−iκ3). (117)

The antipodal involution satisfies A6DA6 = D−1. In the selected three-registration cycle, evaluating
det[zI6 − V2π/3D−1] gives Equation (95). Dividing by z3 and setting y = z + z−1 = 2 cos Ω reduces
it to the cubic recorded in the predecessor [Thomson III, 2026e]. The independent validation code
reconstructs the determinant directly from the inherited projectors.

F Numerical Validation and Reproducibility

The accompanying validation package contains two independent Python programs. The first
reconstructs the predecessor’s six-port projectors, fixed-frame characteristic polynomial, singular
long-wave split, and initial alignment identities. The second verifies the phase triads, temporal
lift, unique half-turn, frame-torque variation, turning-functional minimum, temporal-handed states,
link unitarity, degree-twelve reciprocity, exact aligned branch, small-misalignment correction, Z3
slip phases, the phtn = hc QMU signature, the phtn/tq = irrd volm closure, and the discrete
cardioid-front area count.

The cumulative report contains 38 Boolean checks, all passing. These checks establish internal
algebraic consistency under the inherited and constitutive assumptions. They do not constitute
external experimental validation.

G Notation and Epistemic Ledger

Table 2: Principal notation and status.

Quantity Meaning Status

nj odd spatial port normal inherited
tj even two-dimensional temporal registration inherited
bj odd normalized phase tangent derived here
cj even interface axis and temporal-registration lift derived here
Lj unique proper antipodal interface half-turn derived here
Rj local octahedral frame field dynamic variable
Φ(α)

jk port-resolved normal and temporal-axis mis-
match

derived here

κ̂R dimensionless frame stiffness constitutive; unnor-
malized

h ≡ angm QMU angular-momentum quantum meλC
2Fq inherited

phtn = hc frequency-independent quantum of action at a
distance

inherited and inte-
grated here
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Quantity Meaning Status

ligtL = phtnfL continuous source light transport content inherited and inte-
grated here

ligtq = phtn/tq =
irrd volm

canonical one-moment ligt scale derived QMU closure
here

Wγ(θ) normalized cardioid angular weighting inherited transport ge-
ometry

lint(rn, θ) local areal light intensity on the expanding front inherited and inte-
grated here

Jγ,j state-derived local phtn-front current direction derived here
Λ4 normalized fourth-moment octahedral order derived here
κ̂γργ phtn alignment coefficient constitutive; unnor-

malized
JT complex structure of the temporal plane derived from orienta-

tion
h± temporal-handed photon states derived here
Hjk unitary temporal-handed link connection derived here
δχ common phtn phase freq part inherited;

other parts open
Cfree antipodal zero-turning coin derived here
Udyn dynamically transported unitary operator derived here
vfree = c aligned free propagation rate derived conditional on

inherited dA = λC

vlocked = c/
√

3 constrained frame-locked propagation rate inherited and revali-
dated

ωm = 2πm/3 one-class registration-slip holonomy conditional prediction
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