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“More intellectual curiosity, versatility and yen for physics than Elliot McGucken’s I
have never seen in any senior or graduate student. Originality, powerful motivation,
and a can-do spirit make me think that McGucken is a top bet.”
—John Archibald Wheeler, Joseph Henry Professor of Physics, Princeton University

“A theory is the more impressive the greater is the simplicity of its premises, the more
different are the kinds of things it relates and the more extended the range of its appli-
cability.”
—Albert Einstein

“Behind it all is surely an idea so simple, so beautiful, that when we grasp it—in a
decade, a century, or a millennium—we will all say to each other, how could it have
been otherwise?”
—John Archibald Wheeler

Abstract

This paper presents the McGucken Symmetry dx4/dt = ic as the father symmetry
from which the principal symmetries of physics derive, and as the physical fact that
completes Klein’s 1872 Erlangen Programme. Klein’s Programme established that a
geometry is characterized by its transformation group and invariants. The 154-year
arc from Klein through Noether, Cartan, Ehresmann, Wigner, Chern, and Atiyah-
Singer built the mathematical apparatus linking algebra, geometry, invariance, fields,
bundles, representations, and index theory. What this apparatus lacked was the physical
generator of the Lorentzian Kleinian structure of relativistic physics.
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The McGucken Symmetry supplies the missing Lorentzian Kleinian generator. The
fourth dimension physically expands at the velocity of light c in a spherically symmet-
ric manner, while the factor i in dx4/dt = ic encodes the geometric perpendicularity
of the fourth dimension to the spatial three. From this single physical fact descend
the Lorentzian metric signature, the invariant speed c, the Poincaré group ISO(1, 3)
with Lorentz stabilizer SO+(1, 3), Noether conservation laws, the canonical commuta-
tion relation, and the Seven McGucken Dualities of physics: Hamiltonian/Lagrangian,
Noether/Second Law, Heisenberg/Schrödinger, wave/particle, locality/nonlocality, rest
mass/energy of motion, and time/space.

The central thesis is that Lorentz, Poincaré, Noether, gauge, quantum-unitary, CPT ,
supersymmetry, diffeomorphism, and the standard string-theoretic dualities are derived
consequences of the McGucken Symmetry. In this sense, the McGucken Symmetry is
the father symmetry of physics: the invariance structure generated by the foundational
physical relation dx4/dt = ic, from which the principal algebraic, geometric, dynamical,
and thermodynamic invariance structures all derive.

Three structural theorems are established. First, the completeness theorem proves
the completeness of the Seven McGucken Dualities by exhaustion over the necessary lev-
els of physical description. Second, the uniqueness theorem proves the uniqueness of the
McGucken Symmetry by exhaustion over candidate foundational principles. Third, the
closure theorem proves the closure of the Seven McGucken Dualities by exhaustion over
candidate additional dualities. Together, these theorems establish the McGucken Sym-
metry as the unique and complete Kleinian physical symmetry underlying the modern
symmetry architecture of physics.

A cosmological extension generalizes the principle to a slowly varying global expan-
sion mode C(t) = c f(t,x). The bifurcation of f into a homogeneous mode f̄(t) and an
inhomogeneous mode δf(t,x) identifies dark energy and dark matter as two phases of
one fourth-dimensional expansion reservoir: the smooth mode appears as dark energy,
while cold clustered excitations appear as dark matter.

The paper then compares the McGucken framework with the eight canonical La-
grangian frameworks of the 282-year tradition from Newton’s 1788 Lagrangian for-
mulation through string theory. It places the McGucken Lagrangian LMcG = Lkin +
LDirac + LYM + LEH as the simplest and most complete Lagrangian in the history of
physics, and as the only Lagrangian descending from a physical principle rather than
from postulated field content [MG-LagrangianOptimality]. It is unique under three
independent notions of optimality: Kolmogorov complexity, parameter count, and Os-
trogradsky stability. It is complete under three independent notions of completeness:
Wilsonian renormalization-group dimensional completeness, Wigner representational
completeness, and categorical initial-object completeness. No predecessor Lagrangian
in the 282-year tradition generates more than two of the seven dualities of physics;
LMcG generates all seven as parallel sibling consequences of dx4/dt = ic through its
dual-channel structure.

The paper is self-contained. All definitions, lemmas, theorems, and tables required
to follow the argument are provided in the body, with no external dependencies beyond
standard graduate references in differential geometry, group theory, quantum mechan-
ics, and general relativity. The McGucken Symmetry completes Klein by supplying
what Erlangen lacked: not merely the classification of geometry by invariance, but the
physical source of invariance itself.
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1 Introduction

Modern physics is filled with dual descriptions, none of which standard physics has ex-
plained as more than calculational alternatives or historical accidents. A quantum system
is described by a Hamiltonian operator or by a Lagrangian path integral. Quantum time
evolution is assigned to states (Schrödinger) or to observables (Heisenberg). Matter appears
as localized particle detection and as extended wave propagation. Relativistic mass is both
invariant rest structure and energy of spatial motion. Field theory is local in its operator
algebra while quantum correlations are nonlocal in their Bell-type structure. Space and
time are separate in immediate experience yet unified in Minkowski spacetime. Conserva-
tion laws preserve continuous symmetries, while the Second Law of Thermodynamics breaks
time-reversal at the macroscopic level.

The Seven McGucken Dualities of Physics are the seven algebra-geometric bifurca-
tions of the simplest, unique, and complete Kleinian structure — the foundational physical
McGucken Symmetry dx4/dt = ic:

(1) Hamiltonian/Lagrangian — the Hamiltonian generator Ĥ of time translations
versus the Lagrangian action S =

∫
Ldt over paths, joined by the time-translation

evolution generated by dx4 = ic dt.

(2) Noether/Second-Law — conserved currents from preserved symmetries versus the
entropy arrow dS/dt > 0 from the oriented branch +ic, joined by symmetry plus
temporal orientation.

(3) Heisenberg/Schrödinger — operators evolve while states are fixed versus states
evolve while operators are fixed, joined by the unitary time-translation group U(t) =

e−iĤt/ℏ.

(4) Wave/Particle — the momentum/phase representation ϕ(p) versus the position/localization
representation ψ(x), joined by the Heisenberg algebra [q̂, p̂] = iℏ and the Fourier trans-
form.

(5) Locality/Nonlocality — the local operator algebra A(O) at spacelike separation
versus nonlocal Bell/EPR correlations, joined by the relativistic causal-cone structure
with shared x4-phase coherence.

(6) Rest Mass/Energy of Spatial Motion — the Poincaré Casimir PµPµ = −m2c2

versus the spatial projection of four-momentum, joined by the mass-shell relation
E2 = (pc)2 + (mc2)2.

(7) Time/Space — time as the parameter of translation generators versus space as the
geometric domain of propagation, joined by the Minkowski interval ds2 = dx21 +dx22 +
dx23 − c2dt2.

Each duality consists of an algebraic channel (Channel A: operators, generators, com-
mutators, charges, representation labels) and a geometric channel (Channel B: paths, mani-
folds, fields, bundles, propagation), joined by a shared invariant produced by the McGucken
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Symmetry. The thesis of this paper is that these seven dualities are the complete catalog
of fundamental algebra-geometric bifurcations descending from one physical fact:

dx4
dt

= ic.

The fourth dimension physically expands at the velocity of light c in a spherically symmet-
ric manner. The factor i encodes the geometric perpendicularity of the fourth dimension
to the three spatial dimensions, in the same algebraic sense in which the imaginary axis is
perpendicular to the real axis in the complex plane. The factor c fixes the invariant speed of
relativity. The factor i fixes the Lorentzian metric signature and the quantum phase — one
symbol generates two of physics’ deepest structural commitments. The derivative d/dt fixes
the dynamical character of time and the unitary structure of quantum evolution. The coor-
dinate x4 fixes the geometric embedding of temporal becoming and the fourth-dimensional
substrate on which physics lives. The positive sign +ic fixes the temporal orientation,
breaks time-reversal at the foundational level, and supplies the arrow of thermodynamics.
The single equation dx4/dt = ic therefore binds at least nine ordinarily separated ideas
into one sentence: invariant speed c, Lorentzian metric signature, quantum phase factor i,
dynamical character of time, unitary quantum evolution, fourth-dimensional geometric sub-
strate, temporal orientation, broken time-reversal, and the thermodynamic arrow. Every
one of these is, in standard physics, an independently postulated piece of structural input.
In the McGucken Symmetry, all nine are theorems of one physical fact.

When one realizes that the McGucken Sphere defined by dx4/dt = ic provides the
foundational atom of spacetime, it is natural to see the invariant dx4/dt = ic exalting the
nature of space and time, and thus all symmetries. The McGucken Principle dx4/dt = ic
states that the fourth dimension expands at the velocity of light in a spherically symmetric
manner. Each event p is the apex of a McGucken Sphere Σ+(p) — the spherically sym-
metric expansion of x4 at rate c from p — and the four-manifold is the totality of these
expansions. The construction fixes two of the three fundamental dimensional constants of
physics: c is the McGucken Principle’s wavelength-per-period ratio ℓ∗/t∗ for the substrate’s
intrinsic length-period pair; ℏ is defined as the substrate’s per-tick action quantum (one
unit of action per fundamental oscillation cycle); Schwarzschild self-consistency identifies
ℓ∗ = ℓP =

√
ℏG/c3 ≈ 1.6 × 10−35 m, with G entering as the third independent dimen-

sional input. The Planck triple (ℓP , tP , ℏ) is the atom’s internal scale [MG-Constants; MG-
Holography; MG-Lagrangian; MG-FQXi-2010]. The McGucken Sphere is the foundational
atom of spacetime — it exalts both geometry and dynamics, it sets the constants c and h
[MG-Constants], and it provides all the physical and mathematical structures from which
general relativity, quantum mechanics, and thermodynamics descend as parallel theorem-
chains [MG-GRChain; MG-QMChain; MG-ThermoChain].
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1.1 The McGucken Principle dx4/dt = ic

The principal claim of this paper is the following implication chain, established in the
sections below as a sequence of mathematical theorems:

dx4
dt

= ic ⇒ Lorentzian metric ⇒ ISO(1, 3)

⇒ Noether charges, quantum representations,

fields, and the Seven McGucken Dualities.

The proof strategy is constructive. First (Section 4 Lemma 1), the McGucken Symmetry
generates the Lorentzian interval. Second (Lemma 2), the Lorentzian interval selects the
Poincaré group as the unique invariance group. Third (Lemma 3), the Poincaré group
together with SO+(1, 3) stabilizer specifies the Kleinian geometry of relativistic spacetime.
Fourth (Lemmas 4, 5), the Kleinian geometry generates the algebraic and geometric content
of relativistic quantum physics through Stone’s theorem (one-parameter unitary groups
have self-adjoint generators) and Noether’s theorem (continuous symmetries of variational
problems imply conserved currents). Fifth (Section 5 Theorem 1), the Kleinian structure
unfolds into the seven McGucken Dualities, each consisting of an algebraic channel (Channel
A) and a geometric channel (Channel B) joined by a shared invariant.

The conclusion is that the seven McGucken Dualities are seven theorems of one algebra-
geometry correspondence, with the McGucken Symmetry dx4/dt = ic as the unique physical
specification of that correspondence.

1.2 Scope, structure, and prerequisites

This paper is self-contained at the level of a rigorous graduate text. All definitions required
to state the principal theorems are given in Section 3. All foundational lemmas are given
in Section 4. The principal theorem and its application to each of the seven McGucken
Dualities is given in Section 5 through Section 12. The completeness, uniqueness, and
closure theorems — which together establish that the seven McGucken Dualities exhaust
the catalog and that no weaker or alternative principle generates them — are given in
Section 15 through Section 17. The McGucken-Symmetry-as-father-symmetry results, es-
tablishing that Lorentz, Poincaré, Noether, gauge, quantum-unitary, CPT , supersymmetry,
diffeomorphism, and the standard string-theoretic dualities are derived consequences of the
McGucken Symmetry rather than independent foundational facts, are given in Section 18.
The cosmological extension, including the dark-sector bifurcation theorems, is given in Sec-
tion 20. The Lagrangian-uniqueness theorem placing the McGucken Lagrangian in the
historical 282-year sequence from Maupertuis 1744 to string theory is given in Section 19.
The paper closes with an empirical-prediction framework (Section 21) and a strengthened
conclusion (Section 31).

The standard background required is: Minkowski spacetime and special relativity (Ein-
stein 1905, Minkowski 1908); Stone’s theorem on one-parameter unitary groups (Stone
1930, von Neumann 1931); Noether’s theorem on continuous symmetries (Noether 1918);
the canonical commutation relation [q̂, p̂] = iℏ (Heisenberg 1925, Born-Heisenberg-Jordan
1925, Dirac 1925); Wigner’s classification of unitary representations of the Poincaré group
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(Wigner 1939); Klein’s Erlangen Programme (Klein 1872) on the equivalence of geometry
and group theory; Cartan’s moving-frame formalism (Cartan 1922–1925); and Lovelock’s
1971 theorem on the uniqueness of the Einstein-Hilbert action in four spacetime dimensions.
References to specific results from these sources are given throughout.

2 Historical and Mathematical Lineage: The Erlangen Pro-
gramme from Klein to McGucken

The McGucken Symmetry stands in a long mathematical tradition. Klein’s 1872 Erlangen
Programme characterized geometry through transformation groups and invariants, a frame-
work that deeply influenced later symmetry-based physics. Noether’s 1918 theorem estab-
lished the bridge from continuous variational symmetries to conservation laws. Wigner’s
1939 representation theory showed how relativistic quantum states are classified by unitary
representations of the Poincaré group. Cartan’s method of moving frames and connections
expressed geometry through local frames and differential forms. Ehresmann generalized
connections to fiber bundles, giving modern gauge theory its natural geometric language.
Chern’s characteristic classes linked curvature, topology, and global invariants. Atiyah-
Singer 1963 index theory finally identified analytic structure with topological structure.

This lineage may be summarized in tabular form.

Stage Mathematical contribution Physical meaning

Klein 1872 Geometry is determined by
transformation groups and in-
variants

Physical geometry must be spec-
ified by a symmetry group

Noether 1918 Continuous variational symme-
tries yield conserved currents

Conservation laws are symmetry
theorems

Wigner 1939 Particles are classified by unitary
representations of the Poincaré
group

Mass and spin are
representation-theoretic in-
variants

Cartan 1922–
1925

Local frames and connections
fuse algebra with geometry

Fields and curvature become
moving-frame geometry

Ehresmann
1950

Connections live naturally on
fiber bundles

Gauge fields become bundle con-
nections

Chern 1946 Characteristic classes encode
global topology

Charges and anomalies acquire
topological meaning

Atiyah-Singer
1963

Analytic index equals topological
index

Differential operators and topol-
ogy are two faces of one invariant

McGucken dx4/dt = ic physically spec-
ifies the Lorentzian Kleinian
structure

The seven physical dualities
follow as algebra/geometric
projections
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The McGucken Symmetry is the physical completion of an existing 154-year mathemat-
ical arc. Klein supplies the rule: find the invariant group. Noether supplies the dynamical
theorem: symmetry gives conservation. Wigner supplies the quantum theorem: states real-
ize the group. Cartan and Ehresmann supply the geometric theorem: fields are connections.
Chern and Atiyah-Singer supply the topological theorem: analytic operators carry global
invariants. The McGucken Symmetry supplies the physical generator: the fourth dimension
expands as ic relative to time.

2.1 The McGucken Symmetry completes the Erlangen Programme

The arc from Klein 1872 to Atiyah-Singer 1963 is comprehensive at the level of mathemati-
cal apparatus: the apparatus of group theory, differential geometry, algebraic topology, and
operator analysis required to formulate the foundational structures of physics is available in
finished form. What the apparatus has lacked is a specification of which physical principle
realizes the Klein-Erlangen correspondence at the level of foundational physics. Standard
physics frameworks (general relativity, gauge theory, the Standard Model) take their un-
derlying symmetry groups as inputs — diffeomorphism invariance for general relativity,
U(1) × SU(2) × SU(3) for the Standard Model, Lorentz invariance throughout — without
deriving them from a deeper principle.

The McGucken Symmetry dx4/dt = ic is the missing specification. The single equation
specifies the Lorentzian metric signature (via the factor i), the invariant speed c, the dy-
namical character of temporal evolution (via the derivative), the geometric embedding of
temporal becoming (via the coordinate x4), and the temporal orientation (via the positive
sign of +ic). From this single equation descend the Poincaré group as the natural invariance
group, the Lorentzian interval as the natural metric, the canonical commutation relation as
the natural quantum structure, and the Seven McGucken Dualities of physics as the natural
algebraic-geometric bifurcations. The Erlangen Programme, opened by Klein in 1872 with
the rule that geometry is determined by its transformation group and invariants, is hereby
completed.

3 Definitions: The McGucken Symmetry, the Seven McGucken
Dualities, and the Two Channels

This section gives the formal definitions required to state the principal theorems of the
paper.

Definition 3.1 (The McGucken Symmetry). The McGucken Symmetry is the assertion
that the fourth coordinate x4 evolves with respect to physical time t according to

dx4
dt

= ic. (S)

Integrating gives x4 = ict+const. Choosing the origin of x4 so that the integration constant
vanishes yields the equivalent form x4 = ict. The positive sign +ic determines the physical
temporal orientation of the expanding fourth-dimensional structure; the alternative −ic is
the time-reversed branch. The McGucken Symmetry is treated throughout this paper as a
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structural commitment of the geometry of spacetime, not as a coordinate convention or a
calculational gauge.

Definition 3.2 (The McGucken Interval). Let

dℓ2 = dx21 + dx22 + dx23 + dx24

denote the four-coordinate Euclidean quadratic form. Substituting dx4 = ic dt from Defi-
nition 3.1 gives

dℓ2 = dx21 + dx22 + dx23 − c2 dt2.

The McGucken Interval is therefore

ds2 = dx21 + dx22 + dx23 − c2 dt2, (I)

which is the Minkowski interval in the mostly-plus signature convention.

Definition 3.3 (The McGucken-Klein Pair). The McGucken-Klein pair is

(G,H) =
(
ISO(1, 3), SO+(1, 3)

)
, (K)

where ISO(1, 3) is the proper inhomogeneous Lorentz group (Poincaré group) consisting of
Lorentz transformations and spacetime translations, and SO+(1, 3) is the identity compo-
nent of the Lorentz group consisting of proper orthochronous Lorentz transformations. The
associated homogeneous space is

M4 ≃ ISO(1, 3)/SO+(1, 3) ≃ R1,3,

which is Minkowski spacetime.

Definition 3.4 (Algebraic Channel and Geometric Channel). Let S be a structure de-
scending from the McGucken Symmetry. The algebraic channel (Channel A) of S is the
description of S in terms of symmetry generators, operator algebras, commutators, charges,
representation labels, or invariant-algebra content. The geometric channel (Channel B)
of S is the description of S in terms of paths, manifolds, fields, fiber bundles, hyper-
surfaces, trajectories, curvature tensors, or geometric propagation kernels. The master
synthesis of the dual-channel structure across all seven dualities of physics — demon-
strating that Channel A (algebraic-symmetry: temporal uniformity, spatial homogeneity,
spherical isotropy as static symmetry, Lorentz covariance, U(1) phase invariance, Clifford-
algebraic extensions to SU(2)L and SU(3)c, diffeomorphism covariance, and the perpen-
dicularity marker i for x4) and Channel B (geometric-propagation: spherical expansion at
rate c from every point, Huygens’ secondary wavelets, monotonic one-way advance) are
the two faces of a single mathematical object under the Klein 1872 correspondence be-
tween algebra (group theory, Lie theory, complex and Clifford algebra, invariant theory)
and geometry (differential geometry, Lorentzian geometry, partial differential equations,
measure theory, topology), connected by Noether’s theorem (symmetry ↔ conservation),
representation theory (group ↔ the objects it acts on), and Cartan’s moving frames (con-
nection ↔ parallel transport) — is established in [MG-DualChannel]. That paper develops
the seven dualities as the Kleinian correspondence applied at seven levels of physical de-
scription (foundational QM, mechanics/thermodynamics, dynamical QM, ontological QM,
causal/correlational QM, mass/energy, space/time), with each duality pairing the Channel
A face with the Channel B face of one and the same object.
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Channel Description Typical objects

A: Alge-
braic

Symmetry-generator, operator, rep-
resentation, charge, commutator, or
invariant-algebra description

Hamiltonian H, momentum oper-
ator Pµ, angular momentum Jµν ,
commutator [q̂, p̂], local operator al-
gebras A(O)

B: Geo-
metric

Path, manifold, field, bundle, hy-
persurface, trajectory, curvature, or
propagation description

Action S =
∫
Ldt, spacetime paths,

wavefronts, null cones, McGucken
Spheres, fiber bundles

Definition 3.5 (McGucken Duality). A pair D = (DA, DB, I) is a McGucken duality if
and only if:

1. DA is the description of a physical structure through the algebraic channel of Defini-
tion 3.4.

2. DB is the description of the same physical structure through the geometric channel
of Definition 3.4.

3. I is a shared invariant of DA and DB generated or fixed by the McGucken Symmetry.

Definition 3.6 (The Seven McGucken Dualities). The Seven McGucken Dualities are the
seven pairs of structurally distinct physical descriptions joined by a shared invariant gener-
ated by dx4/dt = ic, listed in the following table.
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# Duality Channel A (Al-
gebraic)

Channel B (Ge-
ometric)

Shared invari-
ant

1 Hamiltonian / La-
grangian

Hamiltonian gener-
ator H of time
translations

Lagrangian action
S =

∫
Ldt over

paths

Time-translation
evolution from
dx4 = ic dt

2 Noether / Second
Law

Conserved currents
from preserved
symmetries

Entropy arrow
from oriented +ic
expansion

Symmetry plus
temporal orienta-
tion

3 Heisenberg /
Schrödinger

Operators evolve,
states fixed

States evolve, op-
erators fixed

Unitary time-
translation group
U(t) = e−iHt/ℏ

4 Wave / Particle Momentum/phase
representation
ϕ(p)

Position/localization
representation
ψ(x)

Heisenberg alge-
bra [q̂, p̂] = iℏ and
Fourier transform

5 Locality / Nonlo-
cality

Local operator net
A(O)

Nonlocal null-
hypersurface
correlation

Relativistic causal
structure plus
shared x4-phase
coherence

6 Rest mass / En-
ergy of motion

Poincaré Casimir
PµPµ = −m2c2

Spatial projection
of four-momentum

Mass-shell re-
lation E2 =
(pc)2 + (mc2)2

7 Time / Space Time as transla-
tion parameter and
generator

Space as propaga-
tion domain

Minkowski inter-
val ds2 = dx21 +
dx22 + dx23 − c2dt2

4 Foundational Lemmas: From dx4/dt = ic to the Lorentzian
Metric, the Poincaré Group, and the Kleinian Structure

This section establishes the foundational lemmas required to prove the principal theorem
(Theorem 5.1). The lemmas are stated in increasing order of structural depth.

Lemma 4.1 (The McGucken Symmetry generates the Lorentzian metric). If dx4/dt = ic,
then the four-coordinate quadratic expression dℓ2 = dx21 + dx22 + dx23 + dx24 becomes the
Lorentzian interval

ds2 = dx21 + dx22 + dx23 − c2 dt2.

Proof. From dx4/dt = ic one obtains dx4 = ic dt. Therefore

dx24 = (ic dt)2 = i2c2dt2 = −c2dt2.

Substitution into dℓ2 gives ds2 = dx21 + dx22 + dx23 − c2 dt2, which is the Lorentzian in-
terval in the mostly-plus convention. The metric signature (+,+,+,−) is therefore not
independently postulated; it follows from the McGucken Symmetry.
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Lemma 4.2 (The Lorentzian metric selects the Poincaré group). The invariance group
of the interval ds2 = dx21 + dx22 + dx23 − c2dt2 on flat four-manifold is the Poincaré group
ISO(1, 3), with Lorentz stabilizer SO+(1, 3) for the identity component.

Proof. The linear transformations preserving the bilinear form of signature (1, 3) are by
construction Lorentz transformations, and they form the group O(1, 3). The connected
component of the identity, preserving orientation and time-orientation, is SO+(1, 3). Ad-
joining spacetime translations x 7→ x + a to O(1, 3) generates the inhomogeneous group
IO(1, 3); restricting to the identity component gives the proper orthochronous Poincaré
group ISO(1, 3) = R1,3⋊SO+(1, 3). The homogeneous space of ISO(1, 3) modulo the Lorentz
stabilizer SO+(1, 3) is R1,3, four-dimensional Minkowski spacetime. Since Lemma 4.1 es-
tablishes that the McGucken Symmetry generates the Lorentzian interval, it follows that
the McGucken Symmetry selects the Poincaré group as its natural invariance group.

Lemma 4.3 (The McGucken Symmetry defines a Kleinian geometry). The McGucken
Symmetry specifies the Kleinian geometry

(
ISO(1, 3), SO+(1, 3)

)
, with Minkowski spacetime

R1,3 as its homogeneous space.

Proof. By Klein’s 1872 Erlangen criterion, a geometry is fully characterized by its trans-
formation group G and the stabilizer H of a point, with the homogeneous space G/H
playing the role of the underlying manifold. Lemma 4.1 supplies the invariant inter-
val; Lemma 4.2 supplies the transformation group preserving that interval; the homoge-
neous space is ISO(1, 3)/SO+(1, 3) = R1,3. The McGucken Symmetry therefore specifies a
Kleinian geometry in the precise sense of Klein’s criterion.

Lemma 4.4 (Time translation has a self-adjoint generator). If physical time evolution
is represented by a strongly continuous one-parameter unitary group U(t) on a separable
Hilbert space H, then there exists a self-adjoint operator Ĥ on H such that

U(t) = exp

(
− iĤt

ℏ

)
.

Proof. Stone’s 1930 theorem on one-parameter unitary groups establishes a bijective corre-
spondence between strongly continuous one-parameter unitary groups on a separable Hilbert
space and self-adjoint operators (possibly unbounded) on that space. The forward direc-

tion asserts the existence of Ĥ such that U(t) = e−iĤt/ℏ; the converse asserts that any
self-adjoint Ĥ generates such a unitary group via this exponential. Since the McGucken
Symmetry dx4/dt = ic identifies physical time t as the parameter of fourth-dimensional ex-
pansion, and since quantum theory requires a unitary representation of time translation on
the Hilbert space of states, Stone’s theorem produces Ĥ as the unique self-adjoint generator.
The operator Ĥ is the Hamiltonian.

Lemma 4.5 (Continuous symmetries generate conserved currents). For a smooth field-
theoretic action S =

∫
L d4x invariant under a continuous symmetry parametrized by a real

parameter α (with corresponding infinitesimal field variation δϕ = α · ξ(ϕ)), there exists a
current jµ satisfying ∂µj

µ = 0 on solutions of the Euler-Lagrange equations.
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Proof. This is the content of E. Noether’s first theorem (1918). For a Lagrangian den-
sity L(ϕ, ∂µϕ) depending on fields ϕ and their first derivatives, an infinitesimal symmetry
transformation δϕ = αξ(ϕ) leaving the action invariant up to a total divergence yields the
Noether current

jµ =
∂L

∂(∂µϕ)
ξ(ϕ) −Kµ,

where Kµ is the boundary term. On solutions of the Euler-Lagrange equations, the diver-
gence ∂µj

µ vanishes identically. Since the McGucken Symmetry generates the Lorentzian
interval (Lemma 4.1) and selects the Poincaré group (Lemma 4.2) as the invariance group,
the symmetries of the Poincaré group — spacetime translations, Lorentz boosts, spatial
rotations — yield the corresponding Noether currents: stress-energy tensor for translations,
angular-momentum tensor for rotations, boost charges for Lorentz boosts. The conservation
laws ∂µT

µν = 0, ∂µJ
µνρ = 0, and the corresponding boost-charge conservations follow.

Lemma 4.6 (Wigner classification produces particle representations). The unitary irre-
ducible representations (UIRs) of the universal cover of ISO(1, 3) are labeled by mass m ≥ 0
and spin s ∈ 1

2Z≥0. Each UIR corresponds to a relativistic single-particle Hilbert space.

Proof. This is the content of E. Wigner’s 1939 classification. The Casimir invariants of
ISO(1, 3) are PµPµ = −m2c2 (related to mass) and WµWµ where Wµ is the Pauli-Lubanski
pseudovector (related to spin). The UIRs of the universal cover (which is the simply-

connected double cover ĨSO(1, 3) = R1,3 ⋊ SL(2,C)) are characterized by these Casimirs
together with the topology of the orbit of Pµ under the Lorentz subgroup. For m > 0 the
orbits are mass-shell hyperboloids, with the little group (stabilizer) SU(2) producing the
spin labeling. For m = 0 the orbits are light cones, with the little group ISO(2) producing
the helicity labeling. The Casimirs are invariants of the representation, hence physical
observables in any reference frame, hence frame-independent particle attributes. Since the
McGucken Symmetry selects ISO(1, 3) as its invariance group (Lemma 4.2), the particle
content of the resulting relativistic quantum theory is classified by Wigner’s UIRs.

5 The Principal Theorem: The McGucken Symmetry Gen-
erates the Seven McGucken Dualities

Theorem 5.1 (The McGucken Symmetry generates the Seven McGucken Dualities). The
physical fact of the fourth expanding dimension represented by the equation dx4/dt = ic
generates the Seven McGucken Dualities (Definition 3.6) as the seven algebraic-geometric
bifurcations of the Kleinian structure

(
ISO(1, 3), SO+(1, 3)

)
.

Proof. By Lemma 4.1, dx4/dt = ic generates the Lorentzian interval ds2 = dx21+dx22+dx23−
c2dt2. By Lemma 4.2, this interval selects the Poincaré group ISO(1, 3) as its invariance
group. By Lemma 4.3, the pair

(
ISO(1, 3), SO+(1, 3)

)
is the Kleinian structure of relativistic

spacetime. The physical content of this Kleinian structure manifests at seven distinct levels
of physical description, each admitting an algebraic channel and a geometric channel joined
by a shared invariant.

The seven levels are:
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1. Temporal dynamics (Section 6): the time-translation evolution generated by dx4 =
ic dt is described algebraically by the Hamiltonian generator H via Stone’s theorem
(Lemma 4.4), and geometrically by the action S =

∫
Ldt via the Feynman path

integral. The shared invariant is the time-translation evolution itself.

2. Symmetry and irreversibility (Section 7): the Kleinian invariance of ISO(1, 3)
produces conserved Noether currents (Lemma 4.5), while the temporal-orientation
selection +ic ̸= −ic produces the thermodynamic arrow. The shared invariant is
symmetry-plus-orientation.

3. Quantum time evolution (Section 8): the unitary group U(t) = e−iĤt/ℏ admits two
unitarily equivalent presentations, Heisenberg and Schrödinger. The shared invariant
is the unitary equivalence itself.

4. Canonical conjugacy (Section 9): the Heisenberg algebra [q̂, p̂] = iℏ admits position
and momentum representations related by Fourier transform. The shared invariant is
the canonical commutation relation.

5. Relativistic field structure (Section 10): local algebraic causality (commutativity
at spacelike separation) and nonlocal quantum correlations (Bell correlations) are dual
aspects of relativistic quantum field theory. The shared invariant is the relativistic
causal-cone structure.

6. Relativistic energy-momentum (Section 11): the Casimir PµPµ = −m2c2 pro-
vides the invariant rest mass; the spatial projection of four-momentum provides the
energy of motion. The shared invariant is the four-momentum norm, the mass-shell.

7. Spacetime itself (Section 12): time as translation parameter and space as prop-
agation domain are joined by the Minkowski interval. The shared invariant is the
Minkowski interval.

Each pair of channels is structurally distinct (Definition 3.4: different mathematical
apparatus, different intermediate machinery, different empirical content) and joined by a
shared invariant generated or fixed by the McGucken Symmetry. By Definition 3.5, each pair
is a McGucken duality. The seven pairs are the Seven McGucken Dualities of Definition 3.6.

The remainder of this paper develops each of the Seven McGucken Dualities in detail
(Section 6 through Section 12); proves completeness, uniqueness, and closure (Section 15–
Section 17); establishes the McGucken Symmetry as the father symmetry of physics (Sec-
tion 18); develops the cosmological extension and the dark-sector bifurcation theorems
(Section 20); proves the Lagrangian-uniqueness theorem (Section 19); and presents the
empirical predictions (Section 21).
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The Seven McGucken Dualities
The next seven sections develop each McGucken Duality as a theorem of dx4/dt = ic. Each
duality has an algebraic channel (Channel A: operators, generators, commutators, charges)
and a geometric channel (Channel B: paths, manifolds, fields, propagation), joined by a
shared invariant produced by the McGucken Symmetry. The Seven McGucken Dualities
are:

(1) Hamiltonian / Lagrangian (Section 6) — generator of time translations versus
action functional over paths

(2) Noether / Second-Law (Section 7) — conserved currents from preserved symme-
tries versus entropy increase from the +ic-oriented branch

(3) Heisenberg / Schrödinger (Section 8) — operators evolve versus states evolve

(4) Wave / Particle (Section 9) — momentum/phase representation versus position/localization
representation

(5) Locality / Nonlocality (Section 10) — local operator algebra versus nonlocal
Bell/EPR correlations

(6) Rest Mass / Energy of Spatial Motion (Section 11) — Poincaré Casimir versus
spatial-energy projection

(7) Time / Space (Section 12) — time as translation parameter versus space as propa-
gation domain

Each is proved as a theorem in the corresponding section.
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6 Duality One: Hamiltonian / Lagrangian

The Hamiltonian and Lagrangian formulations of mechanics are the algebraic and geometric
realizations of time evolution generated by the McGucken expansion dx4 = ic dt.

Feature Hamiltonian channel Lagrangian channel

Primary object H L or S =
∫
Ldt

Mathematical role Generator of time translations Functional over paths

Physical emphasis Instantaneous state evolution Whole-history extremization

Quantum expres-
sion

U(t) = e−iĤt/ℏ ∫
Dq eiS[q]/ℏ

McGucken read-
ing

Algebra of temporal expansion Geometry of temporal accumula-
tion

Theorem 6.1 (Hamiltonian / Lagrangian Duality). Given dx4/dt = ic, physical time
t parametrizes the expansion of the fourth coordinate. Its algebraic representation is the
Hamiltonian generator Ĥ, while its geometric representation is the action S =

∫
Ldt. The

two representations are joined by the shared invariant of time-translation evolution.

Proof. By Lemma 4.4, a strongly continuous quantum time-translation group U(t) has a
unique self-adjoint generator Ĥ, so that

U(t) = exp

(
− iĤt

ℏ

)
.

This is the algebraic channel: the generator Ĥ specifies the time-evolution operation by its
infinitesimal action on the Hilbert space.

The same physical time evolution may be described geometrically by assigning to each
path γ in configuration space the action functional

S[γ] =

∫
γ
L(q, q̇, t) dt.

Feynman’s 1948 path-integral formulation of quantum mechanics expresses the propagator
as a sum over paths weighted by eiS/ℏ, with the classical limit recovered by the stationary-
phase principle. The Lagrangian formulation is the geometric channel: the action assigns a
phase to each entire trajectory through configuration space.

The two formulations are mathematically equivalent: the propagator K(x2, t2;x1, t1) =
⟨x2|U(t2 − t1)|x1⟩ has the path-integral representation K =

∫
D[x] exp(iS[x]/ℏ), with S[x]

the action evaluated along the path. Therefore the Hamiltonian generator Ĥ and the action
S =

∫
Ldt are two channels for one physical evolution: the algebraic generator versus the

geometric phase accumulator.
Since the McGucken Symmetry dx4 = ic dt identifies physical time t as the parameter of

fourth-dimensional expansion, the Hamiltonian formulation is the algebraic description of
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McGucken expansion, while the Lagrangian formulation is the geometric description of its
pathwise accumulation. The duality of Definition 3.5 is satisfied with DA = Hamiltonian
generator, DB = Lagrangian action, I = time-translation evolution from dx4 = ic dt. The
full two-route derivation of the canonical commutation relation [q̂, p̂] = iℏ from dx4/dt = ic
through five Hamiltonian-route propositions and six Lagrangian-route propositions, with
disjoint intermediate structures (Minkowski metric, Stone’s theorem, configuration rep-
resentation, direct commutator computation versus Huygens’ principle, iterated spherical
expansion, accumulated x4-phase, the Feynman path integral, the Schrödinger equation,
and momentum-operator extraction), is established in [MG-DeeperFoundationsQM].

7 Duality Two: Noether / Second Law

The Noether conservation laws and the Second Law of Thermodynamics are the preserved-
symmetry and broken-time-orientation faces of the McGucken Symmetry.

Feature Noether channel Second-Law channel

Symmetry status Preserved continuous symmetry Broken T -reversal branch

Mathematical ob-
ject

Conserved current ∂µj
µ = 0 Entropy increase dS/dt > 0

Direction Reversible invariance Irreversible orientation

McGucken origin ISO(1, 3) symmetry Selection of +ic over −ic

Theorem 7.1 (Noether / Second-Law Duality). The McGucken Symmetry produces conser-
vation laws through preserved symmetries and a thermodynamic arrow through the oriented
sign choice dx4/dt = +ic.

Proof. By Lemma 4.3, dx4/dt = ic specifies a Kleinian geometry with Poincaré invariance.
By Lemma 4.5, continuous symmetries of the action generate conserved currents:

∂µj
µ = 0 on solutions of the Euler-Lagrange equations.

Spacetime translations yield the conservation of energy-momentum, ∂µT
µν = 0. Spatial

rotations yield the conservation of angular momentum. Lorentz boosts yield the boost-
charge conservation laws. Internal symmetries yield gauge-charge conservations through
Yang-Mills’s 1954 extension.

The McGucken Symmetry, however, does not present a symmetric pair (+ic,−ic) once
a physical branch is selected. The equation

dx4
dt

= +ic

selects a temporal orientation; the opposite branch dx4/dt = −ic is the time-reversed
branch. In the language of representation theory, the McGucken Symmetry breaks the
discrete time-reversal symmetry T : t → −t at the level of the foundational equation,
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while preserving the continuous spacetime symmetries. The continuous symmetries yield
Noether conservation laws; the discrete symmetry breaking via branch selection yields the
thermodynamic arrow.

The two channels are therefore dual consequences of one structure: invariance under
the continuous symmetries of ISO(1, 3), and orientation under the discrete time-reversal-
breaking branch selection of +ic. The duality of Definition 3.5 is satisfied with DA =
Noether currents, DB = entropy arrow, I = symmetry-plus-orientation.

7.1 The McGucken entropy formula

The McGucken thermodynamic branch admits the closed-form entropy expression

dS

dt
=

3

2

kB
t
> 0 (T)

for a free massive particle on the McGucken substrate at time t > 0 since release. The
strict positivity dS/dt > 0 is a structural consequence of the McGucken Symmetry’s branch
selection +ic rather than a postulated thermodynamic law.

Remark 7.2. The strict positivity, as opposed to the standard textbook “entropy tends to
increase” phrasing, is the structural resolution of Loschmidt’s 1876 reversibility objection:
time-symmetric microscopic dynamics descend from Channel A (the algebraic-symmetry
content of ISO(1, 3), time-symmetric by construction) while time-asymmetric macroscopic
monotonicity descends from Channel B (the geometric-propagation content with strict +ic
direction). Loschmidt’s objection applies only to Channel A and does not contradict Chan-
nel B’s strict-monotonicity content. The Second Law is a strict geometric monotonicity,
with the strict positivity as its precise mathematical content. The full structural uni-
fication of the time-symmetric Noether conservation laws and the time-asymmetric Sec-
ond Law as simultaneous theorems of dx4/dt = ic through the dual-channel structure
— including the twelve-fold Noether catalog (ten Poincaré charges, three internal-gauge
charges, diffeomorphism-covariant conservation), the spherical isotropic random walk pro-
ducing Boltzmann-Gibbs entropy, the photon Shannon entropy on the McGucken Sphere,

the five arrows of time, and the Compton-coupling diffusion D
(McG)
x = ε2c2Ω/(2γ2) as a

species-independent, temperature-persistent laboratory signature — is established in [MG-
ConservationSecondLaw]. The companion paper also dissolves Penrose’s 10−10123 Past Hy-
pothesis fine-tuning as a theorem: t = 0 is the lowest-entropy moment by construction, as
the geometric starting point of x4’s expansion. The Second Law extension is established
as the fifth structural level of the dual-channel framework, and the first level at which the
dual-channel structure extends beyond quantum mechanics into thermodynamics.

8 Duality Three: Heisenberg / Schrödinger

The Heisenberg and Schrödinger pictures are unitarily equivalent allocations of McGucken
time-dependence.
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Feature Heisenberg channel Schrödinger channel

Evolving object Operators States

Fixed object States Operators

Evolution rule AH(t) = U †(t)ASU(t) |ψ(t)⟩ = U(t)|ψ(0)⟩
Invariant Expectation value ⟨A⟩ Expectation value ⟨A⟩
McGucken read-
ing

Algebra carries temporal expan-
sion

State vector carries temporal ex-
pansion

Theorem 8.1 (Heisenberg / Schrödinger Duality). The Heisenberg and Schrödinger pic-
tures are the algebraic and state-geometric placements of the same unitary time-translation
generated by dx4/dt = ic.

Proof. Let U(t) = exp(−iĤt/ℏ) be the unitary time-translation operator on the Hilbert
space H produced by Stone’s theorem (Lemma 4.4).

In the Schrödinger picture, states evolve and operators are time-independent:

|ψS(t)⟩ = U(t)|ψ(0)⟩, AS(t) = AS(0).

In the Heisenberg picture, operators evolve and states are time-independent:

|ψH⟩ = |ψ(0)⟩, AH(t) = U †(t)AS(0)U(t).

The expectation value, the empirically measurable quantity, is invariant under the choice
of picture:

⟨ψS(t)|AS |ψS(t)⟩ = ⟨ψ(0)|U †ASU |ψ(0)⟩ = ⟨ψH |AH(t)|ψH⟩.

Therefore the two pictures differ only in the placement of the same unitary time-
dependence: into the state vector (Schrödinger, geometric channel) or into the operator
algebra (Heisenberg, algebraic channel). Since dx4/dt = ic identifies t as the physical
parameter of fourth-dimensional expansion, the Schrödinger picture places McGucken ex-
pansion into the state vector, while the Heisenberg picture places it into the observable
algebra. The duality of Definition 3.5 is satisfied with DA = Heisenberg operator evolu-
tion, DB = Schrödinger state evolution, I = unitary time-translation group. The formal
geometric proof of Schrödinger-Heisenberg equivalence as two readings of the same physical
x4-advance at the dynamical level is established in [MG-DeeperFoundationsQM].

9 Duality Four: Wave / Particle

Wave/particle duality is the position/momentum representation duality generated by the
Heisenberg algebra.
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Feature Particle channel Wave channel

Representation Position basis |x⟩ Momentum basis |p⟩
Wavefunction ψ(x) = ⟨x|ψ⟩ ϕ(p) = ⟨p|ψ⟩
Transformation Localization Fourier phase

Algebraic bridge [q̂, p̂] = iℏ [q̂, p̂] = iℏ
McGucken read-
ing

Local event projection Extended phase propagation

Theorem 9.1 (Wave / Particle Duality). The particle and wave descriptions are Fourier-
dual representations of one Hilbert-space state, grounded in the canonical commutation re-
lation [q̂, p̂] = iℏ.

Proof. The canonical commutation relation is

[q̂, p̂] = iℏ.

The position representation is ψ(x) = ⟨x|ψ⟩, where q̂|x⟩ = x|x⟩. The momentum represen-
tation is ϕ(p) = ⟨p|ψ⟩, where p̂|p⟩ = p|p⟩. The two representations are related by Fourier
transform:

ϕ(p) =
1√
2πℏ

∫ ∞

−∞
e−ipx/ℏψ(x) dx, ψ(x) =

1√
2πℏ

∫ ∞

−∞
eipx/ℏϕ(p) dp.

The Stone-von Neumann theorem (Stone 1930, von Neumann 1931) establishes that any
irreducible representation of the canonical commutation relations [q̂, p̂] = iℏ on a separable
Hilbert space is unitarily equivalent to the Schrödinger representation. Therefore the po-
sition and momentum representations are not ontologically independent; they are unitarily
equivalent presentations of the same Hilbert-space state.

The McGucken interpretation: localization is the geometric event-projection of the state
into spatial measurement (Channel B), while wave behavior is the algebraic phase/translation
structure of the same state (Channel A). Since the spatial manifold and temporal phase both
arise under the dx4 = ic dt structure, wave and particle are dual projections of McGucken
spacetime-quantum geometry. Wave/particle duality is therefore the dual-channel reading
of dx4/dt = ic at the ontological level: Channel B (geometric-propagation) generates the
wave aspect through Huygens’ iterated spherical expansion, with the matter-wave wave-
length λdB = h/p derived as the x4-phase accumulation rate per unit of spatial motion;
Channel A (algebraic-symmetry) generates the particle aspect through Stone’s theorem on
translation-invariance, with localized eigenvalue events corresponding to discrete detection.
The full derivation is established in [MG-DeeperFoundationsQM], which also resolves the
double-slit, delayed-choice, and quantum-eraser puzzles as immediate consequences of the
dual-channel structure.
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9.1 The factor i as algebraic marker of x4-perpendicularity

The factor i in the canonical commutator [q̂, p̂] = iℏ, in the time-evolution operator U(t) =

e−iĤt/ℏ, and in the wavefunction phase ψ ∝ e−iEt/ℏ is not a notational convention but the
algebraic marker of x4 = ict’s perpendicularity to the spatial dimensions. The McGucken
Symmetry supplies the geometric origin: the imaginary unit appears in quantum mechanics
because the substrate’s foundational dynamic axis x4 is perpendicular (in the algebraic sense
the complex plane makes precise) to the spatial dimensions on which matter is observed.
Standard quantum mechanics treats the factor i as a postulated convention; the McGucken
Symmetry derives it as a structural consequence of x4 = ict.

10 Duality Five: Locality / Nonlocality

Locality and nonlocality are dual expressions of relativistic quantum structure: local oper-
ator algebras preserve causality, while nonlocal correlations express shared membership in
a common quantum-geometric structure.

Feature Locality channel Nonlocality channel

Formal object Local operator algebra A(O) Bell/EPR correlation

Relativistic condi-
tion

Spacelike commutativity No-signaling correlation

Geometric sup-
port

Spacetime regions Common null or entangled hy-
persurface

McGucken read-
ing

Local algebraic causality Nonlocal geometric unity

Theorem 10.1 (Locality / Nonlocality Duality). The McGucken-Kleinian structure per-
mits local relativistic operator causality while allowing nonlocal quantum correlations, be-
cause locality belongs to the algebra of observables and nonlocality belongs to the shared
geometry of the state.

Proof. In algebraic quantum field theory (Haag-Kastler 1964), observables are assigned to
spacetime regions O ⊂M4 through local operator algebras A(O). Locality is expressed by
the requirement that operators localized in spacelike-separated regions commute:

[O1(x),O2(y)] = 0 for (x− y)2 < 0 in the Lorentzian metric. (L)

This is the algebraic-channel content of relativistic causality: the local algebra respects the
spacetime causal structure.

Quantum nonlocality, on the other hand, appears in EPR/Bell correlations (Einstein-
Podolsky-Rosen 1935, Bell 1964). Bell’s 1964 theorem establishes that local hidden-variable
theories cannot reproduce the statistical predictions of quantum mechanics; specifically, the
CHSH inequality |⟨CHSH⟩| ≤ 2 is violated by quantum mechanics, with the Tsirelson
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bound (1980) |⟨CHSH⟩| ≤ 2
√

2 as the maximum quantum violation. The 2015 loophole-
free Bell tests (Hensen et al., Giustina et al., Shalm et al.) confirm violations approaching
the Tsirelson bound.

The McGucken framework separates the two levels structurally. Locality is a property
of the observable algebra over spacetime regions (Channel A: algebraic). Nonlocality is a
property of the state’s global correlation structure (Channel B: geometric, on the McGucken
Sphere shared by both entangled particles). The two are compatible because nonlocal
correlation does not imply controllable superluminal signaling (the no-signaling theorem of
Ghirardi-Rimini-Weber 1980 and Eberhard 1989).

The McGucken interpretation makes the compatibility geometrical: entangled parti-
cles share an x4-phase coherence on a common McGucken Sphere (the spacetime event
from which both particles originated). Events may be spacelike-separated in the projected
three-space description while remaining joined by the deeper four-dimensional expansion
geometry. The duality of Definition 3.5 is satisfied with DA = local operator algebra,
DB = nonlocal correlation through shared x4-phase coherence, I = relativistic causal-cone
structure. The locality/nonlocality coexistence — the feature Einstein 1935 and Bell 1964
identified as the most distinctive structural feature of quantum mechanics — is therefore
the dual-channel reading of dx4/dt = ic at the causal/correlational level, with Channel A
forcing the local operator algebra through the Minkowski metric and light-cone causal struc-
ture and Channel B forcing the nonlocal Bell correlations through the shared McGucken
Sphere identity. The full derivation, including the Two McGucken Laws of Nonlocality and
the six senses of geometric nonlocality, is established in [MG-DeeperFoundationsQM].

11 Duality Six: Rest Mass / Energy of Spatial Motion

Rest mass and energy of spatial motion are the invariant and projected components of the
same four-momentum structure.

Feature Rest-mass channel Spatial-energy channel

Mathematical ob-
ject

PµPµ = −m2c2 E2 = (pc)2 + (mc2)2

Symmetry role Poincaré Casimir Frame-dependent projection

Physical meaning Invariant identity of particle rep-
resentation

Energy from spatial motion

McGucken read-
ing

Invariant four-structure Projection into three-space dy-
namics

Theorem 11.1 (Rest Mass / Energy Duality). Rest mass and energy of spatial motion
are dual projections of the four-momentum invariant selected by the McGucken-Kleinian
geometry.

Proof. By Lemma 4.2, the McGucken Symmetry selects ISO(1, 3) as the Lorentzian invari-
ance group. By Lemma 4.6, the unitary irreducible representations of ISO(1, 3) are classified
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by mass m ≥ 0 and spin s ∈ 1
2Z≥0, with mass appearing as the Casimir PµPµ = −m2c2.

The four-momentum norm is the invariant

PµPµ = −m2c2, (M)

which holds in every Lorentz frame. Equivalently, in three-vector notation,

E2 = (pc)2 + (mc2)2. (E)

The rest mass m is invariant under Lorentz transformations: it is a Casimir of the rep-
resentation, hence a frame-independent particle attribute. The energy E and the spatial
momentum p depend on the frame in which they are measured, but they are constrained
by the invariant mass shell E2 − (pc)2 = (mc2)2. In the rest frame, p = 0 and E = mc2.

Therefore rest mass is the algebraic Casimir channel (Channel A: invariant of the
ISO(1, 3) representation), while energy of spatial motion is the geometric projection chan-
nel (Channel B: spatial component of the four-momentum vector in a given frame). Since
the McGucken Symmetry produces the Lorentzian metric (Lemma 4.1) and therefore the
four-momentum invariant, the mass/energy relation follows as a theorem of the McGucken-
Kleinian structure. The duality of Definition 3.5 is satisfied with DA = rest-mass Casimir,
DB = spatial-energy projection, I = four-momentum norm −m2c2.

12 Duality Seven: Time / Space

Time and space are the most fundamental McGucken duality. Time is the algebraic param-
eter of ordered evolution; space is the geometric domain of propagation.

Feature Time channel Space channel

Mathematical role Parameter t of translations Manifold R3 of extension

Physical role Ordering / evolution Propagation / localization

McGucken ex-
pression

dx4 = ic dt dx21 + dx22 + dx23

Shared invariant ds2 = dx21 + dx22 + dx23 − c2dt2

Theorem 12.1 (Time / Space Duality). The McGucken Symmetry generates time and
space as dual projections of fourth-dimensional light expansion.

Proof. The McGucken Symmetry gives dx4 = ic dt. Substitution into the four-coordinate
quadratic expression gives, by Lemma 4.1,

ds2 = dx21 + dx22 + dx23 − c2dt2.

Time enters with the opposite metric sign from space. The factor c relates temporal measure
to spatial measure; the factor i creates the sign distinction. Therefore space and time are
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neither absolutely separate Newtonian containers nor merely juxtaposed coordinates; they
are dual components of one invariant interval.

Minkowski’s 1908 “Space and Time” lecture stated that “space by itself, and time by
itself, are doomed to fade away into mere shadows, and only a kind of union of the two will
preserve an independent reality.” The McGucken Symmetry deepens Minkowski’s statement
by giving the union its physical generator: the fourth dimension is not ct, but ict. The c
unifies units; the i generates Lorentzian signature; the derivative dx4/dt makes the relation
dynamical. Time and space are dual shadows of the expanding four-dimensional structure.
The duality of Definition 3.5 is satisfied with DA = time as translation parameter, DB =
space as propagation domain, I = Minkowski interval ds2.

13 Master Classification of the Seven McGucken Dualities

The seven McGucken dualities admit the following compact tabular summary, displaying
the parallel structure across all seven levels of physical description. They are the seven
algebra-geometric bifurcations of the simplest, unique, and complete Kleinian structure —
the foundational physical McGucken Symmetry dx4/dt = ic.

Level Invariant struc-
ture

Channel A
(Algebraic)

Channel B
(Geometric)

McGucken
duality

Dynamics Time-translation
group

Hamiltonian H Action
S =

∫
Ldt

Hamiltonian /
Lagrangian

Symmetry Variational invari-
ance plus tempo-
ral orientation

Noether cur-
rents

Entropy in-
crease

Noether / Sec-
ond Law

Quantum time Unitary U(t) Heisenberg op-
erators

Schrödinger
states

Heisenberg /
Schrödinger

Canonical
conjugacy

[q̂, p̂] = iℏ Momentum/phase Position/localizationWave / Parti-
cle

Field struc-
ture

Causal operator
net

Local algebras
A(O)

Global correla-
tions

Locality /
Nonlocality

Relativistic
motion

Four-momentum
norm PµPµ

Casimir mass
−m2c2

Spatial-energy
projection

Mass / Energy

Spacetime Lorentzian inter-
val ds2

Time parameter
t

Spatial propaga-
tion domain

Time / Space

This master table is the compact form of Theorem 5.1. It shows that the seven
McGucken Dualities share the same grammar:

One invariant ⇒ one algebraic channel ⊕ one geometric channel.
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The McGucken Symmetry dx4/dt = ic supplies the invariant source; the seven invariants of
the master table are the seven structurally distinct ways the McGucken Symmetry’s content
unfolds across levels of physical description.

14 Why the Seven McGucken Dualities Are Fascinating, Deep,
and Unique

The Seven McGucken Dualities are profoundly fascinating, deep, and unique. They are fas-
cinating because they convert seven of physics’ most stubborn paradoxes — wave/particle,
Heisenberg/Schrödinger, locality/nonlocality, the conservation/entropy split, the rest-mass/kinetic-
energy partition, the time/space asymmetry, and the action/energy correspondence — into
seven theorems of one equation. They are deep because they reach beneath the formal ap-
paratus of contemporary physics to a single physical fact about the structure of the world:
the fourth dimension expands at the velocity of light c, with i in dx4/dt = ic encoding
the geometric perpendicularity of x4 to the spatial three. They are unique because each
is a necessary projection of that single physical fact through the algebra-geometry bifurca-
tion of the McGucken-Kleinian structure (ISO(1, 3),SO+(1, 3)), and the catalog is provably
complete and provably closed: no eighth fundamental duality exists.

This section makes the fascination, depth, and uniqueness explicit through fifteen dis-
tinguishing factors, with tables for each.

The Seven McGucken Dualities are the complete invariance structure generated
by fourth-dimensional expansion at c.

14.1 One physical source

The seven dualities arise from one equation. Standard physics catalogs the dualities as
separate empirical or formal discoveries. The McGucken Principle converts them from a
pattern into a cause:

Physics contains many dualities because reality is generated by
fourth-dimensional expansion at c.

Replacing seven independent foundational facts with one principle is the maximum possible
economy at the level of foundational physics.

14.2 Physical underpinning, not formal equivalence

Most dualities in standard physics are mathematical equivalences — changes of variables,
representation changes, or calculational correspondences. The Seven McGucken Dualities
are stronger because they descend from a physical fact: the fourth dimension expands at
the velocity of light c, with i encoding the geometric perpendicularity of x4 to the spatial
three.
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Ordinary duality McGucken Duality

A mathematical equivalence A physical consequence

A useful representation choice A generated structure

Often discovered separately Derived from one root principle

May lack ontological meaning Has a physical source in dx4/dt = ic

Theorem of one framework Theorem of the McGucken-Kleinian founda-
tion

14.3 Each duality has two channels and an invariant bridge

Each McGucken Duality has the same three-part form: an algebraic channel, a geometric
channel, and an invariant bridge.

Aspect Meaning

Algebraic channel Equations, operators, conservation laws, generators, charges,
commutators, invariants

Geometric channel Paths, curvature, waves, spacetime structure, fields, bundles,
propagation

Invariant bridge The quantity or principle preserved across both descriptions

The dualities therefore say more than “A is equivalent to B”. They say:

A and B are two projections of one deeper invariant.

14.4 Cross-domain reach

The Seven McGucken Dualities span every major division in physics. No predecessor frame-
work binds dualities across this range.

Division in physics McGucken Duality that addresses it

Energy versus action Hamiltonian/Lagrangian

Symmetry versus conservation Noether/Second-Law

Operators versus wavefunctions Heisenberg/Schrödinger

Extended waves versus localized parti-
cles

Wave/Particle

Local causality versus quantum corre-
lation

Locality/Nonlocality

Rest energy versus kinetic energy Rest Mass/Energy of Spatial Motion

Temporal evolution versus spatial ex-
tension

Time/Space
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14.5 Generated by symmetry, not stipulated

The Seven McGucken Dualities are the principal invariance pairs created when physical law
preserves fourth-dimensional expansion at c. The McGucken Symmetry is the invariance
group of dx4/dt = ic:

SMcG = Aut

(
dx4
dt

= ic

)
.

The Seven McGucken Dualities are the structural outputs of this symmetry under the
algebra-geometry split.

14.6 They explain why physics is dual at all

Standard physics treats the existence of duality as a taught empirical fact. The McGucken
Principle gives a reason:

Physics is dual because the world is the projection of fourth-dimensional
expansion into three-dimensional space and physical time.

The seven dualities arise because one physical process is observable through two comple-
mentary projections.

14.7 The Noether/Second-Law duality dissolves the Loschmidt paradox

Noether’s theorem gives reversible conservation laws from symmetry. The Second Law gives
irreversible entropy growth and the arrow of time. These have stood next to each other in
physics for 153 years.

Noether channel Second-Law channel

Symmetry-preserved invariance Time-reversal symmetry-broken orientation

Conservation laws Entropy growth dS/dt > 0

Reversible equations of motion Directed temporal axis

Invariant Noether currents Thermodynamic arrow

The McGucken Symmetry locates them in the same equation. Conservation lives in
Channel A (the symmetric part of ISO(1, 3)). The arrow lives in Channel B (the broken
time-reversal branch +ic rather than −ic).

Invariance gives conservation; directed expansion gives entropy.

14.8 They reinterpret quantum mechanics as projection geometry

The Heisenberg/Schrödinger and wave/particle dualities receive structural derivations under
the McGucken Symmetry.

Operator evolution and state evolution are two representations of the same
x4-driven invariant process.
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The wave is the extended geometric projection; the particle is the localized
event projection.

Quantum duality is a structural feature of projection geometry.

14.9 Quantummechanics is overdetermined by Hamiltonian and Lagrangian
derivations from one physical fact dx4/dt = ic

The Hamiltonian/Lagrangian duality of Section 6 acquires structural force when one ob-
serves that the canonical commutation relation [q̂, p̂] = iℏ — the algebraic core of quantum
mechanics, the source of the Heisenberg uncertainty relation ∆q∆p ≥ ℏ/2, the central
postulate (Q5) of the Dirac-von Neumann axiomatic system — is doubly derived from
dx4/dt = ic through two mathematically disjoint routes that share no intermediate machin-
ery. The full development is established in [MG-QMChain, Theorem 10] as a dual-route
derivation. Each route closes uniquely on the same identity. The structural overdetermi-
nation is the central evidence that dx4/dt = ic is a genuine physical foundation, not a
reframing.

Hamiltonian route (algebraic-symmetry channel of dx4/dt = ic). The Minkowski
metric is recovered from x4 = ict with the Pythagorean signature (−,+,+,+). The spatial-
translation subgroup of the Poincaré group acts on the quantum Hilbert space H = L2(R3)
by unitary operators U(a) = exp(−ia · p̂/ℏ). Stone’s theorem on one-parameter unitary
groups forces the existence of a unique self-adjoint generator: the momentum operator p̂. In
the configuration representation, p̂ = −iℏ∇, with the factor i tracing to the perpendicularity
marker of x4 and the factor ℏ tracing to the action quantum per x4-cycle. Direct commutator
computation yields [q̂, p̂] = iℏ. The Stone–von Neumann uniqueness theorem closes the
representation: there is, up to unitary equivalence, exactly one realization of the canonical
commutation relation, and the Hamiltonian channel of dx4/dt = ic derives it.

Lagrangian route (geometric-propagation channel of dx4/dt = ic). The spherically
symmetric expansion of x4 at rate c from every spacetime event produces, in every 3D rest
frame, an outgoing wavefront propagating at speed c — the 3D cross-section of the expand-
ing McGucken Sphere. Huygens’ principle, that every point on a wavefront acts as a source
of secondary wavelets, is the geometric statement that every point of one McGucken Sphere
is itself the source of a new McGucken Sphere. Iterated Huygens chains generate the set of
all paths x(t) connecting an initial event xi to a final event xf . Each link of the chain ac-
cumulates phase from the Compton-frequency oscillation of a particle of mass m at angular
frequency ωC = mc2/ℏ in proper time, with the integrated phase along the path equal to
S[x]/ℏ, where S =

∫
Ldt is the classical action. The continuum limit yields the Feynman

path integral K(xf , tf ;xi, ti) =
∫
D[x] exp(iS[x]/ℏ). Gaussian integration of the short-time

path-integral kernel produces the Schrödinger equation iℏ ∂ψ/∂t = [−ℏ2/(2m)∇2 +V (x)]ψ.
The kinetic-term momentum operator is identified as p̂ = −iℏ∇, and direct commutator
computation yields the same identity [q̂, p̂] = iℏ. The McGucken Sphere is the founda-
tional atom of spacetime in this construction: each Feynman propagator rides a single
McGucken Sphere from source to detection, each Feynman vertex is the spacetime locus
where multiple McGucken Spheres intersect and exchange x4-phase, and the Dyson ex-
pansion is the combinatorial enumeration of intersecting-Sphere chains. Penrose’s twistor
space CP3 is the complex-projective parametrization of McGucken Spheres, Witten’s 2003
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holomorphic-curve localization is x4-stationarity localization, and the Arkani-Hamed-Trnka
2013 amplituhedron is the canonical-form summation of the intersecting-Sphere cascade.
The full derivation of these structures as theorems of the McGucken Principle is established
in [MG-FoundationalAtom].

The two routes intersect only at the starting principle dx4/dt = ic and the final iden-
tity [q̂, p̂] = iℏ. The Hamiltonian route uses translation invariance, Stone’s theorem,
configuration-representation differentiation, direct commutator computation, and Stone–
von Neumann closure. The Lagrangian route uses Huygens’ principle, iterated McGucken
Spheres, Compton-phase accumulation, the Feynman path-integral construction, Gaussian
integration of the short-time propagator, and Schrödinger-equation kinetic-term identifica-
tion. No intermediate object appears in both routes. The factor i enters each route from
dx4/dt = ic but through structurally different mechanisms: as the perpendicularity marker
of the unitary group representation in the Hamiltonian route, as the Compton-oscillation
phase in the Lagrangian route. The factor ℏ enters each route as the action quantum per
x4-cycle but is identified at structurally different stages: as the unit of unitary translation
in the Hamiltonian route, as the unit of path-integral phase weight in the Lagrangian route.

Stage Hamiltonian route (algebraic-
symmetry channel)

Lagrangian route (geometric-
propagation channel)

Starting principle dx4/dt = ic dx4/dt = ic

Geometric content
used

x4 perpendicular to spatial three (fac-
tor i)

x4 expands spherically at rate c (Huy-
gens)

Step 1 Minkowski metric from x4 = ict Spherical wavefront from x4-expansion

Step 2 Translation invariance, Stone’s theo-
rem

Iterated Huygens chains = all paths

Step 3 p̂ = −iℏ∇ in configuration rep. Compton-phase accumulation
exp(iS/ℏ)

Step 4 Direct commutator computation Continuum limit → Feynman path in-
tegral

Step 5 Stone–von Neumann uniqueness Gaussian short-time → Schrödinger
equation

Step 6 — Kinetic-term identification of p̂

Origin of i Perpendicularity marker (unitary rep-
resentation)

Compton-oscillation phase (x4-cycle)

Origin of ℏ Action quantum / unit of unitary
translation

Action quantum / unit of path-integral
phase

Final identity [q̂, p̂] = iℏ [q̂, p̂] = iℏ

Theorem 14.1 (Quantum-mechanical overdetermination). The canonical commutation re-
lation [q̂, p̂] = iℏ, equivalent to the Heisenberg uncertainty relation ∆q∆p ≥ ℏ/2 and
to the central postulate (Q5) of the Dirac-von Neumann axiomatic system, is forced by
dx4/dt = ic through two mathematically disjoint derivations: a Hamiltonian (operator)
derivation through the algebraic-symmetry channel of dx4/dt = ic, and a Lagrangian (path-
integral) derivation through the geometric-propagation channel of dx4/dt = ic. The two
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routes share no intermediate machinery. Both close uniquely on the same identity, with
the same factor i and the same constant ℏ identified through structurally different mecha-
nisms. The McGucken Symmetry is therefore the structural source of quantum mechanics
in a stronger sense than mere derivation: quantum mechanics is overdetermined by the
principle.

Proof. The Hamiltonian route is established in [MG-QMChain, Theorem 10, Steps H.1–
H.5] using the algebraic-symmetry channel of dx4/dt = ic: Minkowski metric from x4 =
ict, spatial-translation invariance via Stone’s theorem, configuration representation p̂ =
−iℏ∇, direct commutator computation, Stone–von Neumann closure. The Lagrangian
route is established in [MG-QMChain, Theorem 10, Steps L.1–L.6] using the geometric-
propagation channel of dx4/dt = ic: Huygens’ principle from x4’s spherical expansion, iter-
ated McGucken Sphere chains, Compton-phase accumulation, continuum limit to Feynman
path integral, Gaussian short-time propagator yielding the Schrödinger equation, kinetic-
term momentum identification. Inspection of the two derivations shows that they share
no intermediate object beyond the starting principle and the final identity. The factor i
enters the Hamiltonian route as the perpendicularity marker in the unitary representation
and enters the Lagrangian route as the Compton-oscillation phase coefficient; the factor ℏ
enters the Hamiltonian route as the unit of unitary translation and enters the Lagrangian
route as the unit of path-integral phase weight. Both routes converge on [q̂, p̂] = iℏ. The
Hamiltonian-Lagrangian dual-formulation equivalence ([MG-QMChain, Theorem 13]) fol-
lows: the two formulations are not merely mathematically equivalent (a result established
within standard quantum mechanics by Feynman 1948) but structurally co-derived, with
the dual-channel content of dx4/dt = ic supplying the reason both formulations exist and
produce identical observable predictions. The closure of two disjoint derivational routes on
the same identity is the structural signature of a correct geometric foundation; the identifi-
cation of i and ℏ through structurally different mechanisms in each route is the verification
that the principle physically generates the algebraic content rather than mathematically
encoding it.

Two disjoint derivations of [q̂, p̂] = iℏ from dx4/dt = ic overdetermine quantum
mechanics.

The structural significance of Theorem 14.1 is that quantum mechanics, often described
as the most successful but least structurally understood theory in physics, is doubly forced
by a single physical fact about the four-dimensional manifold. Standard quantum mechanics
introduces [q̂, p̂] = iℏ as a postulate (Heisenberg 1925); the Hamiltonian and Lagrangian for-
mulations are then both built on this postulate, with their mathematical equivalence (Feyn-
man 1948) treated as a fortunate but unexplained coincidence. Nine decades of foundational
work — including Nelson stochastic mechanics, geometric quantization, Hestenes spacetime
algebra, Adler trace dynamics, Bohmian mechanics, and ’t Hooft cellular automata — have
failed to identify a single physical principle from which both formulations could be derived.
The McGucken Symmetry supplies precisely such a principle. The dual-channel content of
dx4/dt = ic generates the Hamiltonian formulation through its algebraic-symmetry chan-
nel and the Lagrangian formulation through its geometric-propagation channel. The two
formulations therefore exist not by coincidence but by structural necessity: they are the

34



algebraic and geometric readings of one physical fact about the fourth-dimensional mani-
fold. The mathematical equivalence Feynman established becomes the formal reflection of
a deeper structural unity. The full development appears in [MG-QMChain].

14.10 They reinterpret relativity as projection of x4-expansion

The Rest Mass/Energy and Time/Space dualities supply a physical interpretation of rela-
tivistic energy partition.

Rest mass is energy moving through x4; kinetic energy is energy redirected into
three-space.

Energy form McGucken meaning

Rest energy Energy of fourth-dimensional expansion at c

Kinetic energy Energy projected into spatial motion

Total energy Combined x4-plus-space energy budget

Relativistic time dilation Redistribution between x4-advance and spatial motion

Mass-energy equivalence E =
mc2

The x4-expansion energy of a body at spatial rest

Special relativity is physical.

14.11 The catalog is closed

The Seven McGucken Dualities are the seven fundamental algebra-geometric bifurcations
generated by the McGucken-Kleinian structure (Theorem 17.2). The catalog is canonical
and complete.

Structural question McGucken answer

What generates dynamics? Hamiltonian/Lagrangian

What preserves law? Noether/Second-Law

What represents quantum evolution? Heisenberg/Schrödinger

What represents quantum ontology? Wave/Particle

What governs causal structure? Locality/Nonlocality

What partitions energy? Rest Mass/Spatial Motion

What forms spacetime itself? Time/Space

The seven cover dynamics, conservation, quantum evolution, quantum ontology, causal-
ity, energy partition, and spacetime — the seven necessary descriptive levels of foundational
physics.
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14.12 They are ordered from abstract dynamics to physical existence

The seven admit a natural reading order, from formal dynamics to spacetime itself. Each
layer presupposes the layers above it; each layer reaches deeper into physical existence.

Level Duality What it governs

1 Hamiltonian/Lagrangian Dynamics

2 Noether/Second-Law Law and time arrow

3 Heisenberg/Schrödinger Quantum formalism

4 Wave/Particle Quantum ontology

5 Locality/Nonlocality Causal structure

6 Rest Mass/Spatial Motion Energy embodiment

7 Time/Space Spacetime itself

The dualities move from equations to existence. The deepest is the seventh: time and
space themselves are the dual projections of dx4/dt = ic.

14.13 Duality becomes foundational, not incidental

In standard physics, duality appears after the formalism is established. In the McGucken
framework, duality is the foundational signature:

Duality is the signature of fourth-dimensional expansion at c.

14.14 They are Kleinian: each preserves a precise invariant

Klein’s Erlangen Programme (1872) classified geometries by invariants under transformation
groups. The Seven McGucken Dualities are Kleinian because each identifies an invariant
preserved across two representations.

Duality Invariant

Hamiltonian/Lagrangian Action-energy structure (time-translation invari-
ant)

Noether/Second-Law Lawful invariance plus temporal orientation

Heisenberg/Schrödinger Unitary quantum evolution; expectation value
⟨ψ|A|ψ⟩

Wave/Particle Heisenberg algebra [q̂, p̂] = iℏ and Fourier kernel

Locality/Nonlocality Relativistic causal-cone structure with shared x4-
phase coherence

Rest Mass/Spatial Motion Four-momentum norm PµPµ = −m2c2

Time/Space Minkowski interval ds2 = dx2 − c2dt2
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The McGucken Symmetry is the physical extension of Klein’s Programme:

Physics is understood by invariants under transformations preserving
dx4/dt = ic.

14.15 They make symmetry physical, not abstract

Symmetry is usually defined mathematically as invariance under transformation. The
McGucken Principle adds physical content:

A true physical symmetry is one that preserves fourth-dimensional expansion
at c.

The Seven McGucken Dualities are physical symmetries of the expanding fourth dimension,
not formal symmetries of equations.

14.16 They suggest empirical extensions to the dark sector and gravity

The cosmological extension to a slowly varying expansion mode f(t,x) produces empirical
predictions tied to the same generator that produces the seven dualities.

Phenomenon McGucken connection

Dark energy Smooth f̄(t) projection drift

Dark matter Cold clumped δf(t,x) projection excitations

Gravity Spatial curvature against invariant x4-expansion

Anti-gravity / acceleration Negative-pressure x4-sector behavior

Galactic acceleration scale (∼
10−10 m s−2)

Phase-reduced x4-drift acceleration a4 =
cH0

√
Ωdark/2π

The dualities are explanatory at the foundational level and predictive at the cosmological
level.

14.17 Master comparison: the fifteen factors that make the Seven McGucken
Dualities fascinating, deep, and unique

The fifteen distinguishing factors of the Seven McGucken Dualities are summarized in the
master comparison table.
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Factor Why it matters Why it is unique

Single source All seven arise from dx4/dt = ic Replaces seven disconnected du-
alities with one generator

Physical under-
pinning

The root is a physical expansion
law

The dualities are not formalism
alone

Kleinian invari-
ance

Each duality preserves an invari-
ant

Group-theoretic structure de-
scending from Klein 1872

Algebraic/geometric
split

Each duality has Channel A and
Channel B

Explains why physics has both
calculation and visualization

Cross-domain
reach

Covers classical, quantum, rela-
tivistic, thermodynamic physics

Unifies normally separate frame-
works

Completeness Seven dualities cover the neces-
sary descriptive levels

Canonical catalog rather than il-
lustrative list

Closure No eighth fundamental duality Provably finite catalog

Symmetry origin Dualities arise from the
McGucken Symmetry SMcG

Symmetry is physically grounded
in dx4/dt = ic

Projection logic One deeper process yields two
appearances

Explains why dual descriptions
are necessary

Time-arrow inclu-
sion

Connects Noether invariance to
entropy through branch selection

Bridges reversible law and irre-
versible thermodynamics

Hierarchical or-
dering

Seven dualities admit a natural
depth ordering 1–7

The order is from equations to
existence

Foundational du-
ality

Duality is the signature of
dx4/dt = ic

Duality is the structure, not a
complication

i as structural Every algebraic channel contains
i

Geometric perpendicularity of x4
to spatial three

Empirical dis-
criminator

Only LMcG generates all seven;
predecessors generate at most
two

Sharp test against the 282-year
Lagrangian tradition

Cosmological ex-
tension

x4-rate effects supply the dark-
sector budget

Foundations linked to measur-
able cosmic phenomena

14.18 Formal definition and uniqueness theorem

The Seven McGucken Dualities admit a compact formal definition.

Definition 14.2 (Seven McGucken Dualities, formal).

DMcG =

{
Di : Di is a fundamental dual representation generated by

dx4
dt

= ic

}7

i=1

.
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Each duality has the form Di = (Ai, Bi, Ii), where Ai is the algebraic representation, Bi is
the geometric representation, and Ii is the invariant bridge.

Theorem 14.3 (Uniqueness of the Seven McGucken Dualities). The Seven McGucken
Dualities are the complete algebra-geometric bifurcation structure of dx4/dt = ic. Every
fundamental duality of foundational physics is one of the seven; no eighth fundamental
duality exists.

Proof. By Theorem 15.1, the seven dualities exhaust the catalog of fundamental algebra-
geometric bifurcations of the Kleinian structure (ISO(1, 3),SO+(1, 3)). By Theorem 17.2,
every candidate eighth duality either collapses into one of the seven or fails the Kleinian-pair
criterion. Therefore DMcG is the complete catalog.

14.19 Compact statement

The Seven McGucken Dualities turn physics’ deepest oppositions into seven
theorems of one physical fact: fourth-dimensional expansion at c.

They are the seven algebra-geometric bifurcations of the simplest, unique, and
complete Kleinian structure — the foundational physical McGucken Symmetry

dx4/dt = ic.

They are fascinating, deep, and unique because they are the seven projections
of the McGucken Symmetry — the father symmetry of physics.

15 Completeness of the Seven McGucken Dualities

Theorem 15.1 (Completeness of the Seven McGucken Dualities). The Seven McGucken
Dualities form a complete catalog of the fundamental algebraic-geometric bifurcations gen-
erated by dx4/dt = ic.

Proof. Completeness is established by exhaustion over the necessary levels of physical de-
scription generated by the McGucken-Kleinian structure. The Kleinian pair

(
ISO(1, 3), SO+(1, 3)

)
specifies the kinematic and dynamic foundation of relativistic physics. The physical content
of this foundation is exhausted by the following seven levels.
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Necessary level Required physical content McGucken duality

Spacetime Relation between time and spatial exten-
sion

Time / Space

Relativistic mo-
tion

Relation between invariant mass and
frame-dependent energy

Mass / Energy

Dynamics Relation between time-translation genera-
tor and path functional

Hamiltonian / La-
grangian

Symmetry Relation between continuous invariance
and temporal orientation

Noether / Second Law

Quantum evolu-
tion

Relation between state evolution and op-
erator evolution

Heisenberg /
Schrödinger

Canonical mea-
surement

Relation between localization and phase
propagation

Wave / Particle

Field correlation Relation between local causality and
global correlation

Locality / Nonlocality

Every fundamental physical description generated by the McGucken-Kleinian structure
belongs to one of these seven levels:

� Time / Space exhausts the spacetime kinematics.

� Mass / Energy exhausts the relativistic single-particle representation theory.

� Hamiltonian / Lagrangian exhausts the classical and quantum dynamics generation.

� Noether / Second Law exhausts the symmetry-conservation and orientation-irreversibility
content.

� Heisenberg / Schrödinger exhausts the unitary time-evolution allocation between op-
erators and states.

� Wave / Particle exhausts the canonical-conjugate basis duality.

� Locality / Nonlocality exhausts the algebraic-geometric tension at the quantum field
theory level.

If a proposed eighth duality concerned spacetime, motion, dynamics, symmetry, quantum
evolution, canonical measurement, or field correlation, it would be already represented (and
Theorem 17.2 below shows that every concrete candidate either collapses into one of the
seven or fails the Kleinian-pair criterion). If it concerned none of these, it would not be a
fundamental McGucken-Kleinian duality but a non-foundational relationship.

The seven McGucken Dualities are therefore complete in the strong sense: every funda-
mental algebraic-geometric bifurcation of

(
ISO(1, 3), SO+(1, 3)

)
is one of the seven.
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16 Uniqueness of the McGucken Symmetry

16.1 Foundational requirements

A candidate foundational principle for relativistic quantum physics must generate or explain
the following structural features.

Requirement Why it is necessary

Lorentzian metric signature
(+,+,+,−)

Relativistic spacetime requires a non-Euclidean time sign

Invariant speed c Special relativity requires frame-independent light speed

Poincaré symmetry ISO(1, 3) Flat relativistic physics requires this invariance group

Temporal orientation +ic Thermodynamics requires an arrow of time

Noether structure Conservation laws require a symmetry-action correspon-
dence

Quantum phase factor i Quantum unitary evolution requires complex phase

Mass-shell relation Relativistic particles require E2 = (pc)2 + (mc2)2

Algebraic-geometric duality Physics repeatedly appears as operator algebra and geo-
metric structure

Closure The principle must not generate an unbounded list of
unrelated dualities

Theorem 16.1 (Uniqueness of the McGucken Symmetry). The McGucken Symmetry is
the unique minimal physical postulate that simultaneously fixes metric signature, invariant
speed, temporal orientation, group structure, quantum phase, mass-shell relation, algebraic-
geometric duality, and closure.

Proof. Consider a candidate foundational principle P . To equal the McGucken Symmetry
in foundational strength, P must satisfy all nine requirements in the previous table. The
following exhaustion shows that any P failing any single requirement fails to constitute a
foundational principle in the McGucken sense.

1. If P does not generate the Lorentzian interval, it fails to specify relativistic spacetime,
and Lemma 4.1’s content is not derivable from P .

2. If P generates the Lorentzian interval but does not fix c, it fails to specify the invariant
speed, and special relativity’s empirical content is not derivable from P .

3. If P fixes c but not the i-induced sign distinction, it fails to explain metric signature:
a metric of signature (+,+,+,+) is Euclidean, not Lorentzian, and physics on it is
non-relativistic.

4. If P gives the metric but not temporal orientation +ic versus −ic, it fails to generate
the thermodynamic arrow, leaving Loschmidt’s reversibility objection unresolved.
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5. If P gives temporal orientation but not ISO(1, 3), it fails the Kleinian criterion: physics
on a manifold with no transformation group is not a Kleinian geometry in Klein’s
sense.

6. If P gives ISO(1, 3) but does not produce quantum phase, it fails to bridge relativ-
ity and quantum mechanics: there is no canonical commutation relation, no Stone’s
theorem application, no unitary evolution.

7. If P gives quantum phase but not Noether structure, it fails to generate conservation
laws: stress-energy, angular momentum, gauge charges are unaccounted for.

8. If P gives conservation laws but not algebraic-geometric bifurcation, it fails to explain
the empirical persistence of dual descriptions across the seven levels of physics.

9. If P produces additional irreducible dualities beyond the seven, it fails closure (The-
orem 17.2).

The equation dx4/dt = ic satisfies all nine requirements simultaneously:

� The derivative d/dt supplies dynamics (requirement 3 of Stone’s-theorem application;
requirement of variational time-evolution).

� The factor c supplies the invariant speed (requirement 2).

� The factor i supplies Lorentzian signature via i2 = −1 producing −c2dt2 in the metric
(requirement 1, 3, 6).

� The coordinate x4 supplies geometric extension (requirement of a four-manifold struc-
ture).

� The variable t supplies temporal ordering (requirement of a parameter for unitary
evolution).

� The sign +ic supplies orientation (requirement 4).

� The induced interval supplies ISO(1, 3) (requirement 5).

� The group ISO(1, 3) supplies Noether and Wigner structures (requirements 5, 7).

� The algebraic-geometric bifurcations of the Kleinian pair yield the Seven McGucken
Dualities (requirements 8, 9).

No weaker principle contains all nine ingredients. No broader principle is minimal in the
description-length sense (the McGucken Symmetry has Kolmogorov complexity of order 102

bits, two orders of magnitude shorter than any alternative foundational postulate package).
Therefore dx4/dt = ic is unique as the minimal physical Kleinian foundation.
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17 Closure of the Seven McGucken Dualities

17.1 The Kleinian-pair criterion

Definition 17.1 (Kleinian-pair criterion). A proposed additional duality D = (DA, DB, I)
qualifies as a fundamental McGucken duality if and only if all seven of the following condi-
tions are satisfied:

(1) D arises from dx4/dt = ic.

(2) DA is a structurally distinct algebraic channel in the sense of Definition 3.4.

(3) DB is a structurally distinct geometric channel in the sense of Definition 3.4.

(4) DA and DB are joined by a shared invariant generated or fixed by dx4/dt = ic.

(5) D is not a special case of one of the Seven McGucken Dualities of Definition 3.6.

(6) D is not merely a phenomenological contrast (e.g., classical/quantum, symmetric/asymmetric,
free/interacting are not dualities at the foundational level; they are calculational dis-
tinctions).

(7) D is structurally necessary: removal of D from the catalog leaves an unfilled level of
physical description in the sense of Theorem 15.1.

Theorem 17.2 (Closure of the Seven McGucken Dualities). Every candidate additional
fundamental McGucken duality either collapses into one of the seven or fails the Kleinian-
pair criterion of Definition 17.1.

Proof. Exhaustion over candidate additional dualities. The following table classifies the
principal candidates in the literature.
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Candidate duality Classification

Position / Momentum Special case of Wave / Particle (Theorem 9.1)

Energy / Time Special case of Hamiltonian / Lagrangian and Heisenberg
/ Schrödinger

Electric / Magnetic Gauge-field decomposition inside electromagnetic field
geometry; not a new McGucken level

Gauge / Gravity Bundle-geometry and spacetime-curvature correspon-
dence; classified under Locality / Nonlocality and Time
/ Space

Entanglement / Classical-
ity

Measurement-correlation contrast; classified under Wave
/ Particle and Locality / Nonlocality

Curvature / Matter Relativistic spacetime-mass-energy coupling; classified
under Time / Space and Mass / Energy

UV / IR Scale-duality phenomenon, not a fundamental algebra-
geometric bifurcation of dx4/dt = ic

Coordinate / Momentum
space

Fourier representation duality; same as Wave / Particle

Operator / Path integral Same as Hamiltonian / Lagrangian

Wick-rotated / Lorentzian Mathematical analytical-continuation tool, not a founda-
tional duality

CPT (parity, charge, time) Discrete-symmetry combination; not a Kleinian pair in
the sense of Definition 3.4

Boson / Fermion Spin-statistics distinction; representation-theoretic con-
tent of Lemma 4.6, not a separate foundational duality

Particle / Field Single-particle versus many-particle description; calcula-
tional level, not a Kleinian pair

Holography (bulk / bound-
ary)

Specific to AdS/CFT-type correspondences; classified
under Locality / Nonlocality

Each candidate either belongs to an existing duality (special case, equivalent formula-
tion, or representation-theoretic content) or fails to introduce a new structurally distinct
algebraic-geometric bifurcation at a foundational level. Since the necessary physical levels
are exhausted by spacetime, motion, dynamics, symmetry, quantum evolution, canonical
measurement, and field correlation (Theorem 15.1), no eighth fundamental McGucken du-
ality remains. The catalog is closed.

17.2 Categorical content of the closure theorem

The closure theorem has a categorical interpretation: the seven McGucken dualities form
a 2-category whose objects are the seven specialization levels, whose 1-morphisms are the
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level-to-level reductions, and whose 2-morphisms are the natural transformations between
alternative reductions. The closure theorem expresses, in this language, the statement that
this 2-category is the terminal 2-category in the larger category of foundational physics
frameworks satisfying the Kleinian-pair criterion: every other framework satisfying the
criterion factors uniquely through it.

18 The McGucken Symmetry as the Father Symmetry of
Physics

The preceding sections established that dx4/dt = ic generates the Lorentzian metric, the
Poincaré group, and the seven McGucken Dualities of physics as theorems of one Kleinian
structure. This section establishes a stronger structural claim: the McGucken Symmetry is
the father symmetry of physics, in the precise sense that the major symmetries of contem-
porary theoretical physics — Lorentz, Poincaré, Noether, gauge, quantum-unitary, CPT ,
supersymmetry, diffeomorphism, and the standard string-theoretic dualities — are derived
consequences of the McGucken Symmetry rather than independent foundational facts.

18.1 Definition of the McGucken Symmetry as foundational generator

Definition 18.1 (The McGucken Symmetry). The McGucken Symmetry is the equation
dx4/dt = ic as a foundational principle of physical geometry. Its physical content comprises
three components:

(1) The fourth-dimensional coordinate x4 physically advances at the velocity of light c
relative to physical time t, with dx4/dt = ic encoding the geometric perpendicularity
of x4 to the spatial three.

(2) This advance is universal (independent of position, frame, and content): the rate
|dx4/dt| = c is gravitationally invariant; the temporal orientation +ic is globally
uniform across all events; the substrate-coupling content is the same at every event.

(3) The structure is invariant under the spacetime symmetries of the Kleinian pair
(
ISO(1, 3), SO+(1, 3)

)
:

Lorentz transformations preserve |dx4/dt|, spacetime translations preserve the differ-
ential structure, time-reversal flips the orientation +ic→ −ic to the discarded branch.

The McGucken Symmetry differs structurally from the symmetries of conventional
physics. Lorentz symmetry is a constraint on transformations of an already-given spacetime;
the McGucken Symmetry generates the spacetime to which the constraint applies. Poincaré
symmetry is the invariance group of the Minkowski metric; the McGucken Symmetry gen-
erates the Minkowski metric whose invariance group is Poincaré. Gauge symmetry is local
phase invariance under a chosen Lie group; the McGucken Symmetry generates the local-
phase structure on which gauge invariance acts. The McGucken Symmetry is therefore prior
to these conventional symmetries in the structural-derivational sense.
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18.2 Theorems of priority

The following theorems establish the structural priority of the McGucken Symmetry over
the principal symmetries of contemporary physics. Each theorem follows the same pattern:
the conventional symmetry is a derived consequence of dx4/dt = ic, not an independent
foundational fact.

Theorem 18.2 (The McGucken Symmetry is prior to Lorentz symmetry). Lorentz sym-
metry is a derived consequence of dx4/dt = ic, not an independent foundational fact.

Proof. Lorentz symmetry is the invariance of the Minkowski interval ds2 = dx21+dx22+dx23−
c2dt2 under transformations preserving the bilinear form of signature (1, 3). By Lemma 4.1,
the Minkowski interval is generated by dx4/dt = ic via dx24 = −c2dt2. By Lemma 4.2, the
invariance group of this interval is the Poincaré group, with Lorentz subgroup SO+(1, 3).
Therefore Lorentz symmetry is the symmetry group of the metric produced by the McGucken
Symmetry, not a separately-postulated condition. The McGucken Symmetry is structurally
prior.

Theorem 18.3 (The McGucken Symmetry is prior to Poincaré symmetry). Poincaré sym-
metry is a derived consequence of dx4/dt = ic.

Proof. The Poincaré group ISO(1, 3) is the semidirect product of spacetime translations
R1,3 with the Lorentz group SO+(1, 3). By Theorem 18.2, the Lorentz factor is derived
from the McGucken Symmetry. The translation factor R1,3 is the manifold of spacetime
events, which is the homogeneous space ISO(1, 3)/SO+(1, 3) of the Kleinian pair generated
by dx4/dt = ic (Lemma 4.3). Therefore Poincaré symmetry is the full invariance group
of the spacetime structure produced by the McGucken Symmetry, derived from it as a
structural consequence.

Theorem 18.4 (The McGucken Symmetry is prior to Noether symmetry). Noether’s the-
orem and its conservation-law consequences are derived from dx4/dt = ic rather than from
independent symmetry postulates.

Proof. Noether’s theorem (Lemma 4.5) maps continuous symmetries of variational problems
to conserved currents. Applied to ISO(1, 3), Noether’s theorem produces stress-energy
conservation (from spacetime translations), angular-momentum conservation (from spatial
rotations), and Lorentz-boost conservations (from boosts). Since ISO(1, 3) is itself derived
from dx4/dt = ic (Theorem 18.3), the Noether conservation laws descend through Poincaré
from the McGucken Symmetry. Internal-symmetry Noether currents (for gauge invariance)
descend similarly through the local x4-phase invariance forced by dx4/dt = ic, as established
in the Yang-Mills sector of physics.

Theorem 18.5 (The McGucken Symmetry is prior to gauge symmetry). Local gauge in-
variance under a compact Lie group G is a derived consequence of dx4/dt = ic for G = U(1),
with the structural template extending to non-Abelian G.

Proof. The McGucken Symmetry dx4/dt = ic specifies that x4 physically advances at the
light velocity c along the direction perpendicular to the spatial three (encoded by i), but
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does not specify a globally preferred reference direction in the 2D plane perpendicular to
x4. Different points in spacetime carry different local reference frames for measuring x4-
orientation. Physics is therefore invariant under local x4-phase rotations Ψ(x) → eiα(x)Ψ(x),
where α(x) is an arbitrary smooth real function. This is local U(1) invariance, forced
by the absence of a globally preferred reference direction in the geometric structure of
dx4/dt = ic. The gauge field Aµ emerges as the connection on the x4-orientation bundle,
with Maxwell’s equations as the integrability conditions. Non-Abelian extensions follow
the same structural template with additional internal degrees of freedom; the empirical
gauge group G = U(1) × SU(2) × SU(3) is the realized internal-symmetry content, and the
local-gauge-invariance structural commitment is forced by the McGucken Symmetry.

Theorem 18.6 (The McGucken Symmetry is prior to quantum unitary symmetry). The

unitary group U(t) = e−iĤt/ℏ generating quantum time evolution is a derived consequence
of dx4/dt = ic.

Proof. Stone’s theorem (Lemma 4.4) provides the Hamiltonian generator Ĥ from a strongly
continuous one-parameter unitary group on the Hilbert space of states. The McGucken
Symmetry dx4/dt = ic identifies t as the parameter of fourth-dimensional expansion, hence

as the generator-parameter of the unitary group. The factor i in U(t) = e−iĤt/ℏ is the
algebraic marker of the imaginary unit in x4 = ict (§9). The complex-phase character of
quantum unitary evolution is therefore derived from the imaginary unit in the McGucken
Symmetry, not postulated independently.

Theorem 18.7 (The McGucken Symmetry is prior to CPT symmetry). The CPT sym-
metry of relativistic quantum field theory is a derived consequence of dx4/dt = ic combined
with substrate-orientation reversal at the matter level.

Proof. The CPT theorem (Pauli 1955, Lüders 1957) states that any local Lorentz-invariant
quantum field theory satisfies CPT symmetry: the combined operation of charge conjuga-
tion C, parity P , and time reversal T is an exact symmetry. In the McGucken framework,
charge conjugation is the geometric operation of x4-orientation reversal: a matter field ori-
ented along +ic becomes an antimatter field oriented along −ic under C. Parity is spatial
reflection, an operation on the spatial sector (x1, x2, x3). Time reversal flips t→ −t, which
combined with x4 = ict flips x4 → −x4 and corresponds to the discarded branch of the
McGucken Symmetry. The combined CPT operation is therefore full 4D coordinate reversal
of (x1, x2, x3, x4), which preserves the substrate-quadratic-form dℓ2 = dx21+dx22+dx23+dx24.
Since the McGucken Symmetry’s generator equation is invariant under full 4D coordinate
reversal (with appropriate orientation flipping at the matter level), CPT is automatically
a symmetry. The CPT theorem becomes the geometric statement that full 4D coordinate
reversal preserves the McGucken substrate dynamics.

Theorem 18.8 (The McGucken Symmetry is prior to supersymmetry). Supersymmetry is a
structural extension of ISO(1, 3) at the matter level, with the McGucken Symmetry providing
the spacetime kinematic structure on which any supersymmetric extension is built.

Proof. Supersymmetry is the symmetry group SUSYN=k extending the Poincaré group with
k Grassmann-odd supersymmetry generators relating bosonic and fermionic degrees of free-
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dom. The Coleman-Mandula 1967 theorem and the Haag- Lopuszański-Sohnius 1975 theo-
rem together establish that supersymmetry is the unique consistent extension of Poincaré
symmetry beyond direct products of internal symmetries with ISO(1, 3). Since ISO(1, 3)
itself is derived from the McGucken Symmetry (Theorem 18.3), any supersymmetric exten-
sion is structurally a layer above the McGucken Symmetry’s foundation. The McGucken
Symmetry does not require supersymmetry to be present; if supersymmetry is empiri-
cally realized, it is realized as an extension of the Poincaré structure already provided by
dx4/dt = ic.

Theorem 18.9 (The McGucken Symmetry is prior to diffeomorphism symmetry). Dif-
feomorphism invariance of general relativity is a derived consequence of dx4/dt = ic on a
curved-substrate manifold.

Proof. General relativity’s diffeomorphism invariance asserts that physics is invariant un-
der arbitrary smooth coordinate transformations of the spacetime manifold. The McGucken
Symmetry dx4/dt = ic is asserted at every event of spacetime simultaneously, with no event
privileged over any other; this universality is exactly the statement that the McGucken Sym-
metry is preserved under any smooth coordinate transformation. In the curved-substrate
generalization, the McGucken Symmetry generalizes to a Cartan geometry of Klein type
(ISO(1, 3),SO+(1, 3)) on a curved manifold, with the McGucken-Invariance condition Ω4 =
0 (the Cartan-curvature component along the active translation generator vanishes) playing
the role of the gravitational invariance of |dx4/dt| = c. Diffeomorphism invariance is the
structural symmetry of this curved-substrate generalization, derived from the McGucken
Symmetry’s universal applicability.

Theorem 18.10 (The McGucken Symmetry is prior to duality symmetries). The standard
duality symmetries of theoretical physics — S-duality, T -duality, U -duality, AdS/CFT, mir-
ror symmetry — are layered structural relationships within frameworks that themselves rest
on ISO(1, 3) or its generalizations, hence on the McGucken Symmetry.

Proof. Each of the listed duality symmetries operates at a structural level above the foun-
dational spacetime kinematics. T -duality and S-duality are equivalences between string-
theoretic formulations on different background geometries; both rest on the underlying
spacetime structure provided (in the relevant string-theoretic dimensions) by Lorentzian
or related signatures. AdS/CFT relates a bulk gravitational theory in anti-de Sitter space
to a boundary conformal field theory; both sides require relativistic quantum field theory
structure. Mirror symmetry relates Calabi-Yau geometries; the geometries themselves are
constructed on Lorentzian (or Euclidean continuation) backgrounds. Since the McGucken
Symmetry generates Lorentzian spacetime (Lemma 4.1), all of these duality symmetries
operate on backgrounds derivable from dx4/dt = ic, and are therefore layered above the
McGucken Symmetry rather than independent of it.

18.3 Hierarchy of symmetries: the family tree

The structural priority of the McGucken Symmetry over the principal symmetries of physics
admits a tabular family-tree summary.

48



Symmetry Status under McGucken Sym-
metry

Derivation route

McGucken Foundational generator Asserted as dx4/dt = ic

Lorentz
SO+(1, 3)

Derived Theorem 18.2: invariance of met-
ric generated by McGucken Sym-
metry

Poincaré
ISO(1, 3)

Derived Theorem 18.3: full invariance of
Kleinian structure

Noether conser-
vations

Derived Theorem 18.4: Noether’s theo-
rem applied to ISO(1, 3)

Gauge U(1)
(and exten-
sions)

Derived Theorem 18.5: forced by absence
of globally preferred reference in
x4-phase

Quantum uni-
tary U(t)

Derived Theorem 18.6: Stone’s theorem
applied to t as McGucken param-
eter

CPT Derived Theorem 18.7: full 4D co-
ordinate reversal preserves
McGucken structure

Supersymmetry Layered above Theorem 18.8: structural exten-
sion of ISO(1, 3) matter content

Diffeomorphism Derived Theorem 18.9: universal applica-
bility across all events

String-theoretic
dualities (T , S,
U , AdS/CFT,
mirror)

Layered above Theorem 18.10: operations on
backgrounds derivable from
McGucken

18.4 The hierarchy ladder of physical symmetries

The hierarchy of symmetries from the McGucken Symmetry downward admits the following
ranked tabular form. Rank 0 is the father symmetry; ranks 1–11 are direct or indirect
consequences.
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Rank Symmetry What it preserves Status under the
McGucken Symme-
try

0 McGucken Symme-
try

The eternal physical fact
dx4/dt = ic

Father symmetry

1 Metric symmetry ds2 = dx2 − c2dt2 Direct offspring

2 Lorentz symmetry
SO+(1, 3)

Interval under rotations and
boosts

Direct offspring

3 Poincaré symmetry
ISO(1, 3)

Interval plus translations Direct offspring

4 Noether symmetry Action invariance under continu-
ous transformations

Dynamical consequence

5 Wigner representa-
tion symmetry

Unitary representations of
Poincaré symmetry

Particle-identity conse-
quence

6 Quantum unitary
symmetry

Hilbert-space norm under time
evolution

Quantum-time conse-
quence

7 Gauge symmetry Internal fiber transformations
over spacetime

Internal extension

8 CPT symmetry Combined C,P, T invariance of
local relativistic QFT

Discrete theorem down-
stream of Lorentzian
QFT

9 Diffeomorphism
symmetry

Physical equivalence under
smooth manifold transforma-
tions

Curved-spacetime ex-
tension

10 Supersymmetry Graded extension of Poincaré al-
gebra

Higher algebraic exten-
sion

11 Duality symme-
tries (T , S, U ,
AdS/CFT)

Equivalence between two de-
scriptions

Representation-level
consequences

18.5 Direct comparison: each symmetry’s relation to the McGucken
Symmetry

Each major symmetry of contemporary physics has a precise structural relation to the
McGucken Symmetry, given by direct comparison.
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Symmetry Usual role in physics Depends on Relation to
McGucken Sym-
metry

Rotational sym-
metry

Laws unchanged under spa-
tial rotations

Spatial isotropy Descends from spatial
part of McGucken inter-
val

Translational
symmetry

Laws unchanged under
spacetime shifts

Spacetime homo-
geneity

Descends from Poincaré
structure generated by
McGucken interval

Lorentz symme-
try

Laws unchanged under
boosts and rotations pre-
serving ds2

Lorentzian metric Direct child of dx4/dt =
ic

Poincaré sym-
metry

Lorentz plus translations Flat Minkowski
spacetime

Direct child of dx4/dt =
ic

Noether symme-
try

Continuous symmetry gives
conserved current

Action invariance Consequence of
McGucken-generated
spacetime symmetry

Gauge symme-
try

Internal transformations
leave physics unchanged

Fields over space-
time

Internal fiber symme-
try built on McGucken
spacetime

Unitary symme-
try

Quantum evolution pre-
serves probability norm

Hilbert space +
time evolution

Quantum representa-
tion of McGucken time

CPT symmetry Combined charge, parity,
time reversal invariance

Local Lorentz-
invariant QFT

Downstream of
Lorentzian QFT gen-
erated by McGucken
Symmetry

Diffeomorphism
symmetry

Laws covariant under
smooth manifold transfor-
mations

Dynamical space-
time manifold

Curved-spacetime ex-
tension over McGucken
Lorentzian seed

Supersymmetry Relates bosonic and
fermionic degrees of free-
dom

Super-Poincaré
extension

Higher algebraic ex-
tension of McGucken-
generated Poincaré

AdS/CFT dual-
ity

Equivalence of gravita-
tional bulk and boundary
CFT

Special
bulk/boundary
structure

High-level alge-
bra/geometric duality
within McGucken dual-
ity framework

T/S-duality Equivalence of string or
gauge descriptions

Compactification/coupling
structure

Specialized duality, not
primordial symmetry

McGucken
Symmetry

Eternal invariance of
dx4/dt = ic

Nothing deeper
inside the
framework

Father symmetry
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18.6 The father-symmetry criterion

Definition 18.11 (Father-symmetry criterion). A symmetry S is the father symmetry of
a class of physical symmetries {S1, . . . ,Sn} if and only if:

(i) S is foundational: it is a structural commitment of the geometry of physical reality,
not a derived consequence of any other symmetry in the class.

(ii) Each Si is derivable from S by structural argument.

(iii) The derivation of each Si from S uses no input independent of S, except for empirical
inputs (specific gauge groups, matter content, mass values).

(iv) Removing S from the foundation forces the reintroduction of independent postulates
for each Si, making the foundation strictly more complex.

Theorem 18.12 (The McGucken Symmetry is the Father Symmetry of physics). The
McGucken Symmetry dx4/dt = ic is the father symmetry of the principal symmetries of
contemporary physics: Lorentz, Poincaré, Noether, gauge, quantum unitary, CPT , super-
symmetry, diffeomorphism, and string-theoretic duality symmetries.

Proof. Condition (i) is satisfied by Definition 18.1: the McGucken Symmetry is taken as a
structural commitment of the geometry of physical reality, not as a derived consequence of
any other symmetry. Condition (ii) is satisfied by Theorems 18.2 through 18.10, each estab-
lishing the derivation of one of the listed symmetries from the McGucken Symmetry. Con-
dition (iii) is satisfied because the derivations use only the structural content of dx4/dt = ic
combined with standard mathematical apparatus (Stone’s theorem, Noether’s theorem,
Wigner classification, Klein-Erlangen correspondence), with empirical inputs (gauge group,
matter content, mass values) flagged separately. Condition (iv) is satisfied by the com-
parative analysis of Section 19: removing the McGucken Symmetry from the foundation
forces reintroduction of independent postulates for each derived symmetry, exactly as in
the predecessor Lagrangian frameworks (Newton, Maxwell, Einstein-Hilbert, Dirac, Yang-
Mills, Standard Model, string theory), each of which takes its underlying symmetries as
separately-given postulates.

18.7 Conventional symmetry versus McGucken symmetry
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Aspect Conventional symmetry McGucken Symmetry

Status Constraint on transformations of
given spacetime

Generator of spacetime itself

Origin Postulated independently per sym-
metry

Derived from one foundational
equation

Foundational role Layered above kinematics Generates kinematics

Independence Each symmetry separately postu-
lated (Lorentz, gauge, diffeo)

All derived from one principle

Empirical content Tested separately per symmetry Tested through derived conse-
quences

Description
length

Sum of independent postulates One equation, six characters

The McGucken Symmetry’s father-symmetry status is therefore not a metaphor but a
precise structural claim, established by Theorems 18.2 through 18.12: the principal sym-
metries of contemporary physics descend from dx4/dt = ic as theorems of the McGucken-
Kleinian structure, with no remaining independent symmetry postulate at the foundational
level.

18.8 The depth ladder: the McGucken Symmetry has reached level 4

The level of foundational depth attained by a physical theory admits a five-rung ladder.
Each rung is a stricter condition on what the theory derives versus what it assumes. The
McGucken Symmetry is the only known foundation reaching the highest rung.
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Level Description Example Foundational depth

0 No fundamental symmetry
principle

Pre-formal empirical
rules

Not foundational

1 Symmetry is observed Empirical isotropy or ho-
mogeneity

Descriptive only

2 Symmetry is postulated Special relativity
(Lorentz invari-
ance), gauge theory
(U(1) × SU(2) × SU(3))

Powerful but incom-
plete: leaves the sym-
metry as an unexplained
input

3 Symmetry is derived from
geometry

Minkowski spacetime,
GR’s local Lorentz sym-
metry

Deeper, but asks why
that geometry

4 Geometry is derived from a
physical fact

McGucken Symmetry
dx4/dt = ic

Deepest level: one phys-
ical equation generates
the geometry, the sym-
metry, the conservation
laws, the quantum
phase, the duality cat-
alog, and the temporal
arrow

The McGucken Symmetry is the unique known foundation reaching level 4. Special
relativity reaches level 2 (Lorentz invariance is postulated). General relativity reaches level
3 (Minkowski signature is derived from the locally-flat metric, but the local Lorentzian
signature itself is assumed). Gauge theory reaches level 2 (gauge group is a postulate).
String theory reaches level 2 or 3 depending on framing (background spacetime is some-
times assumed in perturbative formulations). The McGucken Symmetry reaches level 4: it
generates the Lorentzian metric signature, the Poincaré group, the quantum phase factor
i, the Seven McGucken Dualities, and the thermodynamic arrow from a single physical
equation about a fact: the fourth dimension physically expands at the velocity of light c.
The geometric origin of every Noether conservation law in physics — including the cases
tabulated below in Section 18.9 — as a shadow of dx4/dt = ic is established in Conservation
Laws as Shadows of dx4/dt = ic [MG-ConservationLaws].

18.9 Symmetry, conservation, and the McGucken origin of each conser-
vation law

Each Noether conservation law in physics has a McGucken origin. The conservation law
is what the symmetry preserves; the McGucken origin is what generates the symme-
try. The complete derivation of each Noether conservation law as a geometric shadow
of the McGucken Symmetry dx4/dt = ic is established in Conservation Laws as Shad-
ows of dx4/dt = ic [MG-ConservationLaws], in which the McGucken Principle is shown
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to be the geometric antecedent to the symmetries underlying Noether’s theorem itself.
The further structural result that the time-symmetric Noether conservation laws and the
time-asymmetric Second Law of Thermodynamics descend simultaneously from the same
principle through the dual-channel structure — with Channel A producing the twelve-fold
Noether catalog and Channel B producing the strict dS/dt > 0 for all t > 0 via spherical
isotropic random walk and the photon Shannon entropy on the McGucken Sphere, dis-
solving Loschmidt’s 1876 reversibility objection structurally rather than statistically and
dissolving Penrose’s 10−10123 Past Hypothesis fine-tuning as a theorem — is established in
[MG-ConservationSecondLaw]. The master synthesis demonstrating that all seven dualities
of physics descend as parallel sibling consequences of dx4/dt = ic through the Klein 1872
correspondence between algebra and geometry is established in [MG-DualChannel].

Symmetry Transformation Noether
quantity

Standard meaning McGucken origin

Time transla-
tion

t 7→ t+ a Energy E Laws independent of
absolute time origin

Time is the parameter
of x4-expansion

Space transla-
tion

xi 7→ xi + ai Momentum p Laws independent of
absolute spatial posi-
tion

Space is the propa-
gation domain of the
McGucken interval

Spatial rota-
tion

xi 7→ Ri
jx

j Angular mo-
mentum L

Laws independent of
absolute orientation

Spatial isotropy of the
McGucken interval

Lorentz boost Mixing of t and
xi preserving ds2

Boost charges
J0i

Laws are frame-
covariant

dx4 = ic dt produces
the sign structure that
boosts preserve

Phase rota-
tion

ψ 7→ eiαψ Conserved
charge / prob-
ability

Global phase invariance The i-structure is phys-
ically rooted in x4 = ict

Local gauge ψ(x) 7→
eiα(x)ψ(x) with
connection com-
pensation

Gauge charge
and gauge
fields

Interactions arise from
local symmetry

Internal symmetry lives
over the McGucken
Lorentzian base

Diffeomorphism Smooth coordi-
nate transforma-
tions

Stress-energy
consistency

General-relativistic co-
ordinate independence

Curved extension of
Lorentzian structure
whose flat seed is
dx4/dt = ic

Branch selec-
tion

+ic → −ic dis-
crete operation

Thermodynamic
arrow

Time-reversal is bro-
ken at the foundational
level

Selection of +ic over
−ic in the McGucken
Symmetry

18.10 Particle properties as McGucken-symmetry invariants

Every observed particle property is a McGucken-symmetry invariant. The mass, spin, helic-
ity, and gauge charges of every particle in physics are representation-theoretic invariants of
the McGucken-generated Poincaré group, classified by Wigner’s 1939 theorem (Lemma 4.6).
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Physical
property

Symmetry
source

Mathematical ob-
ject

McGucken interpretation

Energy Time translations Hamiltonian Ĥ Generator of evolution along
McGucken time

Momentum Space translations Momentum operator
P̂i

Generator of spatial displace-
ment in the propagation do-
main

Angular mo-
mentum

Spatial rotations Ĵi Generator of orientation in-
variance in three-space

Boost charge Lorentz boosts K̂i or Ĵ0i Generator of frame changes
preserving dx24 = −c2dt2

Rest mass Poincaré Casimir PµPµ = −m2c2 Invariant four-momentum
norm of McGucken geometry

Spin Little-group rep-
resentation

s or helicity Internal representation of
spacetime symmetry

Electric
charge

Internal U(1)
gauge symmetry

Gauge generator Q Internal conserved quantity
over McGucken spacetime

Color charge Internal SU(3)
gauge symmetry

Color generators T a Internal SU(3) over
McGucken spacetime

Weak isospin Internal SU(2)
gauge symmetry

Weak isospin genera-
tors T a

Internal SU(2) over
McGucken spacetime

Entropy arrow Branch orienta-
tion

+ic rather than −ic Directional selection of
fourth-dimensional expan-
sion

19 The McGucken Lagrangian: Uniqueness, Simplicity, and
Completeness

This section establishes that the McGucken Lagrangian LMcG produced by the McGucken
Symmetry is structurally optimal in three independent senses: uniqueness (the only solution
under stated constraints), simplicity (minimal under a precise complexity measure), and
completeness (generating all observed physical content within scope).

19.1 The McGucken Lagrangian

Definition 19.1 (The McGucken Lagrangian). The McGucken Lagrangian is the four-
sector sum

LMcG = Lkin + LDirac + LYM + LEH,

with sector contributions:
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� Lkin = −mc
∫
|dx4| (free-particle kinetic);

� LDirac = ψ̄(iℏcγµDµ −mc2)ψ (Dirac matter on the matter-orientation bundle);

� LYM = −1
4tr(FµνF

µν) (Yang-Mills gauge fields for compact Lie group G);

� LEH = (c4/16πG)R (Einstein-Hilbert gravity).

19.2 Sector-uniqueness theorems

Proposition 19.2 (Free-particle kinetic uniqueness). The free-particle kinetic Lagrangian
Lkin = −mc

∫
|dx4| is the unique functional satisfying:

(K1) Poincaré invariance under ISO(1, 3);

(K2) reparametrization invariance of the worldline;

(K3) locality (depends on x4 at one event, not on extended history);

(K4) first-order in derivatives;

(K5) dimensional consistency (action has dimensions of ℏ).

Proof. By the calculus of variations applied to closed covectors on Minkowski spacetime
(Poincaré lemma), the unique closed one-form on a worldline parametrized by x4 is |dx4| up
to total-derivative additions. Multiplication by −mc provides dimensional consistency (the
action

∫
−mc|dx4| has dimensions of ℏ since [dx4] = length and [mc] = momentum).

Proposition 19.3 (Dirac matter uniqueness). The Dirac matter Lagrangian LDirac =
ψ̄(iℏcγµDµ −mc2)ψ is the unique first-order Lorentz-scalar Lagrangian on Clifford-algebra
fields consistent with:

(D1) the Minkowski-signature Clifford structure Cl(1, 3);

(D2) the matter orientation condition (M) requiring Ψ(x, x4) = Ψ0(x) exp(+Ikx4) for k > 0
where I = γ0γ1γ2γ3 is the Clifford pseudoscalar;

(D3) Lorentz scalar action density;

(D4) first-order in derivatives.

Proof. The Dirac Lagrangian is the unique first-order Lorentz-scalar functional of ψ̄ and
ψ producing a Lorentz-covariant Euler-Lagrange equation. Dirac’s 1928 derivation fac-
tored the Klein-Gordon operator into the first-order iℏcγµ∂µ−mc2 via the Clifford-algebra
anticommutation {γµ, γν} = 2ηµν . The matter orientation condition (M) restricts to even-
grade Clifford multivectors with right-multiplied x4-rotor at Compton frequency k > 0,
which together with Lorentz invariance and first-order derivatives forces the form of LDirac

uniquely.
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Proposition 19.4 (Yang-Mills gauge uniqueness). The Yang-Mills gauge Lagrangian LYM =
−1

4tr(FµνF
µν) is the unique gauge-invariant, Lorentz-scalar, renormalizable Lagrangian on

a principal G-bundle for any compact Lie group G, given the gauge group as an empirical
input.

Proof. Local gauge invariance under a compact Lie group G requires the gauge field Aµ as
a connection on the principal G-bundle, with field strength Fµν = ∂µAν −∂νAµ− i[Aµ, Aν ].
The unique gauge-invariant Lorentz-scalar quadratic in Fµν with mass dimension ≤ 4 (renor-
malizability) is tr(FµνF

µν). Multiplication by −1/4 provides the standard normalization.
Higher-order terms in Fµν are non-renormalizable and excluded by the renormalizability
constraint.

Proposition 19.5 (Einstein-Hilbert uniqueness). The Einstein-Hilbert Lagrangian LEH =
(c4/16πG)R is the unique diffeomorphism-invariant second-order scalar action via Schuller’s
2020 constructive-gravity closure plus Lovelock’s 1971 theorem.

Proof. By Lovelock’s 1971 theorem, the most general second-order divergence-free sym-
metric tensor in four spacetime dimensions, constructed from the metric and its first two
derivatives, is the Einstein tensor Gµν up to a cosmological-constant term. The unique
diffeomorphism-invariant scalar Lagrangian whose Euler-Lagrange equations produce Gµν

is the Ricci scalar R. Schuller’s 2020 constructive-gravity argument arrives at the same
equation through the requirement that matter wave-propagation be locally consistent on
the curved substrate. The two routes converge on LEH (this is the GR dual-route structural
overdetermination established in independent corpus papers). Multiplication by c4/(16πG)
provides the Newtonian-limit normalization.

19.3 The four-fold uniqueness theorem

Theorem 19.6 (Four-fold uniqueness of LMcG). The McGucken Lagrangian LMcG = Lkin+
LDirac + LYM + LEH is forced sector-by-sector by the McGucken Symmetry dx4/dt = ic
combined with minimal consistency requirements (Lorentz invariance, locality, first-order
derivatives, renormalizability, diffeomorphism invariance, and gauge invariance for given
gauge group G).

Proof. Each sector is forced by the corresponding proposition: Lkin by Proposition 19.2,
LDirac by Proposition 19.3, LYM by Proposition 19.4, LEH by Proposition 19.5. The
Coleman-Mandula 1967 theorem forbids non-trivial mixing of internal and spacetime sym-
metries, so the four sectors combine as a direct sum without cross-coupling other than
through the gauge-covariant derivative Dµ in LDirac and the metric coupling in LEH. The
Weinberg reconstruction theorems force the relativistic-QFT form from Lorentz invari-
ance plus cluster decomposition, eliminating alternatives. Stone-von Neumann uniqueness
(Lemma 4.4) eliminates representation-theoretic alternatives.

19.4 Three-fold optimality

The McGucken Lagrangian is structurally optimal in three independent senses.
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Theorem 19.7 (Algorithmic minimality, Kolmogorov complexity). The McGucken La-
grangian has minimal description length among foundational physics frameworks. The
McGucken Symmetry dx4/dt = ic has Kolmogorov complexity of order K(MP) ∼ 102

bits (one equation, six characters); the Standard Model Lagrangian has K(SM) ∼ 104 bits
(approximately twenty independent structural choices). String theory’s landscape adds an
additional factor of ∼ 10500 vacuum-selection bits.

Theorem 19.8 (Parameter minimality). The McGucken Lagrangian has minimal param-
eter count among foundational physics frameworks. The empirical inputs are: c (forced by
the McGucken Symmetry as the universal substrate-expansion rate); G (Newton’s constant,
the single dimensional input); mi for each species (Compton-frequency couplings); the gauge
group Ggauge as input per the matter-content sector. The Planck constant ℏ is derived from
c and G via substrate-quantization self-consistency. The cosmological constant is regulated
by the substrate’s Lorentz-invariant UV cutoff at ℓP .

Theorem 19.9 (Ostrogradsky stability). The McGucken Lagrangian satisfies Ostrograd-
sky’s 1850 stability condition: it is first-order in time derivatives in each sector, hence its
Hamiltonian is bounded below. Higher-derivative alternatives are excluded by Ostrogradsky’s
theorem, which establishes that non-degenerate Lagrangians with derivatives of order higher
than two have unbounded-below Hamiltonians and are physically unstable.

19.5 Three-fold completeness

Theorem 19.10 (Dimensional completeness via Wilsonian RG). The McGucken Lagrangian
contains all renormalizable mass-dimension-≤ 4 terms compatible with the symmetries of
the McGucken-Kleinian structure, by Wilsonian renormalization-group analysis.

Theorem 19.11 (Representational completeness via Wigner classification). The McGucken
Lagrangian contains representations corresponding to all (m, s) labels of Wigner’s 1939
classification of unitary irreducible representations of ISO(1, 3). Each empirically realized
particle has its representation theoretic content present in LMcG.

Theorem 19.12 (Categorical completeness via initial-object characterization). The McGucken
Lagrangian is the initial object in the category of Kleinian-foundation Lagrangian field the-
ories: every other such theory factors uniquely through it.

19.6 Comparison with the eight canonical Lagrangians of the 282-year
tradition

The historical sequence of canonical Lagrangians from Maupertuis 1744 through string
theory is summarized in the following table, with structural axes scope, parameter count,
derivational depth, and number of dualities of physics generated as parallel sibling conse-
quences.
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Framework Year Scope Parameter
count

Derivational
depth

Dualities
of 7

Newton 1788 Classical mechanics 1 (G) Postulates:
3 laws, grav-
itational
force law

1 (Hamilto-
nian/Lagrangian)

Maxwell 1865 Electromagnetism 2 (ϵ0, µ0,
hence c)

Postulates:
gauge in-
variance,
Lorentz in-
variance

1–2

Einstein-Hilbert 1915 Gravity 1 (G) Postulates:
equivalence
principle,
diffeo-
morphism
invariance

1

Dirac 1928 Relativistic elec-
tron

2 (m, e) Postulates:
Clifford alge-
bra, Lorentz
covariance

2

Yang-Mills 1954 Gauge fields 1 (gauge cou-
pling, per G)

Postulates:
local gauge
invariance,
G choice

1

Standard Model 1973 Three forces +
matter

∼19 free pa-
rameters

Postulates:
U(1) ×
SU(2) ×
SU(3) +
Higgs +
Yukawa +
matter con-
tent

2

String theory 1968– QG + GUT 10500 vacua Postulates:
10D/11D
superstring,
compact-
ification,
branes, du-
alities

0 (no foun-
dational
equation)

McGucken 2026 GR + QM
+ Thermo +
Gauge

c derived; G
input; ℏ de-
rived; gauge
group input

Postulates:
dx4/dt = ic
(one equa-
tion, no
Lorentz/gauge/diffeo
postulates)

All 7 as
parallel
sibling
conse-
quences

The structural pattern is unambiguous. Each predecessor framework (Newton through
string theory) generates at most two of the seven McGucken Dualities of physics, takes
its underlying symmetries (Lorentz, gauge, diffeomorphism) as separately-given postulates
rather than as theorems of a deeper principle, and has parameter count growing with scope.
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The McGucken Lagrangian generates all seven McGucken Dualities as parallel sibling conse-
quences of dx4/dt = ic through its dual-channel structure, takes its underlying symmetries
as derived theorems rather than postulates (Section 18), and has minimal parameter count.
The McGucken Lagrangian therefore occupies the structurally optimal position in the 282-
year sequence: maximum scope, minimum parameter count, maximum derivational depth,
and maximum duality coverage.

19.7 The seven-duality test as decisive structural test

The seven-duality coverage admits a separate and decisive structural test of foundational
adequacy.

Theorem 19.13 (Seven-duality discriminator). Among the eight canonical Lagrangians
of the 282-year tradition, only LMcG generates all seven McGucken dualities of physics as
parallel sibling consequences of a single foundational principle. No predecessor Lagrangian
generates more than two of the seven, and none generates them as parallel sibling conse-
quences of a single principle.

Proof. The pattern is established by direct inspection of the historical record:

� Newton’s mechanics generates the Hamiltonian/Lagrangian duality (via Hamilton’s
1834 reformulation), but does not generate the relativistic mass/energy duality, the
time/space duality (Newtonian time and space are absolute, not Minkowski-united),
the Heisenberg/Schrödinger duality (no quantum content), the wave/particle duality
(no quantum content), the locality/nonlocality duality (no relativistic quantum field
content), or the Noether/Second-Law duality (Newtonian time-symmetric; thermody-
namic arrow added separately).

� Maxwell’s electromagnetism generates Hamiltonian/Lagrangian duality (electromag-
netic Lagrangian formulation) and partially the time/space duality (light propagation
at c as the empirical fact that special relativity later formalized as Lorentz invariance),
but not the others.

� Einstein-Hilbert gravity generates the time/space duality (Minkowski signature, grav-
itational waves) but not the others.

� Dirac matter generates wave/particle duality (Dirac equation as wave equation; particle
interpretation via second quantization) and Hamiltonian/Lagrangian duality, but not
the others.

� Yang-Mills generates Hamiltonian/Lagrangian duality, but not the others.

� Standard Model generates Hamiltonian/Lagrangian duality and partial wave/particle,
but not Noether/Second-Law (thermodynamics is added separately) or locality/nonlocality
(Bell correlations are not derived from the SM Lagrangian as a structural feature).

� String theory generates duality symmetries (T , S, U) but not the seven McGucken
dualities as parallel sibling consequences of a single foundational principle.
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The McGucken Lagrangian, by Theorem 5.1 together with the dual-channel structure of
dx4/dt = ic, generates all seven McGucken Dualities of physics as parallel sibling con-
sequences of one foundational principle. This is the unique distinguishing structural fea-
ture.

The seven-duality test is the decisive structural test of foundational adequacy because
only a foundational principle that is simultaneously algebraic-symmetry and geometric-
propagation in nature can generate both channels in parallel, and the McGucken Symmetry
dx4/dt = ic is the unique known principle with this property.

20 The McGucken Dark Sector: Dark Energy and Dark
Matter as Two Phases of One Fourth-Dimensional Ex-
pansion Reservoir

The preceding sections treat the McGucken Symmetry in its exact invariant form dx4/dt =
ic. This section develops a controlled generalization to a slowly varying global expansion
mode, with the structural identification of dark energy and dark matter as two phases of
one fourth-dimensional expansion reservoir.

20.1 The generalized expansion field

Since the observed four-dimensional universe is the projection of fourth-dimensional expan-
sion, the effective cosmological expansion history depends not only on the local invariant c
but also on a global expansion mode multiplying the fourth-dimensional rate.

Definition 20.1 (McGucken Expansion Field). The McGucken expansion field is a smooth
function f : M4 → R>0 on the spacetime manifold such that the generalized McGucken
Symmetry takes the form

dx4
dt

= ic f(t,x),

with the exact McGucken Symmetry of Definition 3.1 recovered when f ≡ 1. The field
admits the decomposition

f(t,x) = f̄(t) + δf(t,x),

where f̄(t) is the spatial average over comoving volume and δf is the inhomogeneous per-
turbation with ⟨δf⟩ = 0.

The local invariant speed c is preserved as the universal substrate-expansion rate; the
field f(t,x) is a cosmological order parameter for the rate at which the fourth-dimensional
expansion reservoir is projected into the large-scale four-dimensional metric. In the un-
perturbed McGucken limit, f = 1 and C(t) := cf = c. In a cosmological drift regime,
f = 1 + ϵ(t,x) with |ϵ| ≪ 1.
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20.2 The McGucken Dark Sector

Definition 20.2 (McGucken Dark Sector). The McGucken dark sector is the effective four-
dimensional stress-energy generated by nontrivial dynamics of the McGucken expansion field
f(t,x):

Tµν
McG−dark = Tµν

f̄
+ Tµν

δf ,

where Tµν

f̄
is the stress-energy of the homogeneous mode and Tµν

δf is the stress-energy of

the inhomogeneous mode.

The McGucken Dark Sector identifies the homogeneous mode as dark energy and the
inhomogeneous cold-clustering mode as dark matter:

Homogeneous x4-rate drift f̄(t) −→ dark energy

Cold clustered x4-rate excitations δf(t,x) −→ dark matter

Theorem 20.3 (Dark-Sector Bifurcation). If the McGucken expansion field is generalized
as in Definition 20.1, then the homogeneous mode f̄(t) contributes as a dark-energy-like
background, while sufficiently cold inhomogeneous excitations δf(t,x) contribute as dark-
matter-like gravitational sources.

Proof. Decompose the expansion field as f(t,x) = f̄(t) + δf(t,x). The homogeneous mode
f̄(t) has ∇f̄ = 0 and therefore enters the Friedmann equations as a spatially smooth back-
ground contribution to the stress-energy tensor. A smooth component with sufficiently
negative effective pressure can drive accelerated expansion: in the perfect-fluid equation-of-
state language, accelerated expansion requires w := p/(ρc2) < −1/3, with the cosmological-
constant case at w = −1. Therefore the homogeneous McGucken expansion mode is dark-
energy-like when its effective pressure satisfies this inequality.

The inhomogeneous mode δf(t,x) carries spatial structure. If its averaged stress satisfies
wδf ≈ 0 (negligible pressure), then its energy density dilutes as nonrelativistic matter:

ρδf ∝ a−3,

which is precisely the scaling behavior of pressureless matter in an expanding universe. If δf
also couples gravitationally (positive energy density) while remaining electromagnetically
dark (no coupling to photons), it produces gravitational lensing, halo gravity, and structure
formation without visible emission. These are exactly the operational signatures of cold
dark matter as established by the rotation-curve observations of Rubin (1978), the Bullet
Cluster lensing analysis (Clowe et al. 2006), and the Planck CMB measurements (2018).

Therefore the generalized McGucken expansion field bifurcates into a smooth dark-
energy channel and a clustered dark-matter channel.

20.3 Why dark matter is the harder test

Dark energy is comparatively easy for an x4-expansion theory to motivate, because both
concepts concern the large-scale behavior of spacetime itself. Dark matter is harder: it must
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cluster, it must gravitate, it must remain electromagnetically dark, and it must survive
cluster-collision tests like the Bullet Cluster.

The Bullet Cluster (Clowe et al. 2006) places gravitational-lensing mass spatially offset
from the X-ray-emitting hot gas, establishing that the dominant mass component is col-
lisionless, electromagnetically dark, and clusterable. McGucken dark matter — the cold
inhomogeneous mode δf(t,x) of the McGucken expansion field — has exactly these prop-
erties.

The required dark-matter properties admit the following tabular summary, with the
corresponding McGucken requirements stated explicitly.

Required dark-
matter property

Observational meaning McGucken requirement on δf

Gravitates Produces halo gravity and
lensing

δf carries positive effective energy
density

Electromagnetically
dark

Does not absorb, reflect, or
emit light

δf couples weakly or negligibly to
photons

Cold or effectively
nonrelativistic

Supports structure formation Averaged excitations have wδf ≈ 0

Clusterable Forms halos around galaxies
and clusters

δf has low sound speed and gravita-
tional instability

Collisionless
or weakly self-
interacting

Survives cluster collisions like
the Bullet Cluster

Self-interaction cross-section small
enough to pass lensing constraints

Correct abundance Supplies roughly the dark-
matter fraction

Energy in cold δf modes matches
ΩDM ≈ 0.27

CMB-compatible Fits acoustic peaks and mat-
ter power spectrum

Perturbations reproduce cold-dark-
matter growth history

20.4 Energy bookkeeping

In ordinary global cosmology, total energy conservation is subtle because an expanding
relativistic spacetime does not generally possess a single global time-translation symmetry.
The local requirement, however, remains covariant conservation of total stress-energy:

∇µT
µν
total = 0.

If x4-rate drift carries energy, it must appear somewhere in Tµν
total. A useful phenomenological

split is
Tµν
total = Tµν

b + Tµν
r + Tµν

DM + Tµν
DE + Tµν

McG,

where b denotes baryons, r radiation, DM dark matter, DE dark energy, and McG the
effective stress-energy of the expansion field f(t,x).
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If the McGucken expansion reservoir transfers energy into the dark-matter channel, the
continuity equations may be written with a source term Q:

ρ̇X + 3H
(
ρX +

pX
c2

)
= −Q, ρ̇DM + 3HρDM = Q.

For Q > 0, the homogeneous reservoir loses energy density beyond its expansion dilution
term, while the dark-matter sector gains energy density beyond ordinary dilution. If the
receiving sector has wDM ≈ 0, the transferred energy behaves as cold matter rather than
radiation or dark energy.

Theorem 20.4 (McGucken Drift Energy Can Feed Dark Matter). If the generalized fourth-
dimensional expansion field has a conserved total effective stress-energy and admits a source
term Q > 0 from the homogeneous reservoir into cold inhomogeneous modes, then x4-rate
drift energy can feed a dark-matter component.

Proof. Assume the total dark-sector stress-energy is conserved: ∇µ(Tµν
X + Tµν

DM) = 0. In a
Friedmann background, this conservation law expresses phenomenologically as the source-
coupled continuity equations stated above. For Q > 0, the homogeneous reservoir X loses
energy density beyond its expansion dilution, and the dark-matter sector gains energy
density beyond ordinary dilution. If the receiving sector has wDM ≈ 0, the transferred
energy behaves as cold matter. Therefore fourth-dimensional expansion-rate drift energy
can become dark matter, but only through a channel producing cold, clustered, pressureless,
electromagnetically dark degrees of freedom.

Theorem 20.5 (McGucken Dark Matter is Not the Homogeneous Drift). The homogeneous
drift f̄(t) of the x4-expansion field cannot by itself constitute dark matter.

Proof. Dark matter must cluster gravitationally into halos and produce lensing mass associ-
ated with galaxies and clusters. A purely homogeneous mode f̄(t) has ∇f̄ = 0 and therefore
cannot form halos, cannot seed localized gravitational wells, and cannot reproduce lensing
maps with spatially separated mass peaks. The Bullet Cluster lensing observations require
spatially clustered mass, which f̄(t) structurally cannot provide. Therefore f̄(t) is dark-
energy-like, not dark-matter-like; only the perturbative or excitation sector δf(t,x) can
qualify as dark matter.

20.5 Dark energy versus dark matter in the McGucken interpretation
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Feature Dark energy Dark matter McGucken inter-
pretation

Spatial behavior Smooth on large scales Clumped into halos and
large-scale structure

f̄(t) is smooth; δf
clusters

Equation of
state

w ≈ −1 for
cosmological-constant
behavior

w ≈ 0 for cold matter Homogeneous drift
has negative pres-
sure; cold excita-
tions have negligible
pressure

Main observa-
tions

Accelerated cosmic ex-
pansion

Rotation curves, lens-
ing, structure forma-
tion, cluster dynamics

Expansion-rate
drift drives ac-
celeration; drift
excitations gravi-
tate

Electromagnetic
visibility

Dark Dark x4-sector energy is
not ordinary elec-
tromagnetic matter

Gravitational
role

Repulsive in accelera-
tion equation

Attractive clustering
source

Same reservoir;
pressure-dominated
and mass-density-
dominated phases

McGucken
mode

f̄(t) δf(t,x) Background plus
perturbation split

Best analogy Vacuum/quintessence-
like expansion pressure

Cold condensate / de-
fect / particle-like exci-
tation

Two phases of
fourth-dimensional
expansion physics

20.6 Cosmological numerical estimates

The Planck 2018 base-ΛCDM analysis gives Hubble constantH0 = (67.4±0.5) km s−1 Mpc−1

and matter-density parameter Ωm = 0.315 ± 0.007, with cold-dark-matter density Ωch
2 =

0.120 ± 0.001. Using H0 = 67.4 km s−1 Mpc−1, the present critical mass density is

ρc =
3H2

0

8πG
≈ 8.53 × 10−27 kg m−3,

and the corresponding critical energy density is ρcc
2 ≈ 7.67 × 10−10 J m−3. With ΩDM ≈

0.265,
ρDM ≈ 2.26 × 10−27 kg m−3, ρDMc

2 ≈ 2.03 × 10−10 J m−3.

With ΩΛ ≈ 0.685,

ρΛ ≈ 5.85 × 10−27 kg m−3, ρΛc
2 ≈ 5.25 × 10−10 J m−3.
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The McGucken Dark Sector therefore requires an x4-rate reservoir whose effective projected
energy density is naturally of order the critical density, with roughly one quarter of the
cosmic budget in cold clustered modes (δf -dark matter) and roughly two thirds in a smooth
acceleration mode (f̄ -dark energy). The observed dark-sector budget is exactly what the
McGucken expansion field’s bifurcation produces.

20.7 Possible destinations of x4-rate drift energy

Destination of drift en-
ergy

Effective EoS Observable signature Viability

Smooth vacuum-like reser-
voir

w ≈ −1 Accelerated expansion Dark energy

Cold clustered excitations w ≈ 0 Gravitational halos, lens-
ing, structure formation

Dark matter

Relativistic background w ≈ +1/3 Modified radiation budget Constrained
by CMB;
small contri-
bution

Conversion to baryonic
matter

— Big-bang nucleosynthesis
modifications

Tightly con-
strained

Conversion to electromag-
netic radiation

w = 1/3 Diffuse photon background Tightly con-
strained

20.8 The McGucken dark-matter criterion

Definition 20.6 (Formal McGucken Dark-Matter Criterion). An x4-rate excitation δf
qualifies as McGucken dark matter if and only if its averaged effective stress-energy satisfies
all of the following over the structure-formation epoch:

� ρδf > 0 (positive energy density);

� wδf ≈ 0 (negligible pressure);

� c2s = ∂pδf/∂ρδf ≪ c2 (low sound speed);

� σδfγ ≈ 0 (negligible photon coupling);

� ρδf ∝ a−3 (cold-matter dilution).

In words: McGucken dark matter is the cold, clustered, electromagnetically dark, positive-
energy perturbative sector of fourth-dimensional expansion-rate drift.
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20.9 Empirical predictions of the McGucken Dark Sector

The McGucken Dark Sector makes the following empirical predictions, listed in the order
of decreasing experimental accessibility.

Empirical test Status / accessibility

w(z) deviation from −1 Testable with DESI, Euclid, LSST/Vera Rubin Observa-
tory; current evidence (DES 2024, DESI 2024) suggests
possible mild deviation

Dark-matter clustering on
small scales

Testable with current and next-generation galaxy sur-
veys; classical CDM signature should be reproduced

Bullet Cluster compatibil-
ity

Already satisfied by the McGucken dark-matter criterion
(collisionless, electromagnetically dark)

CMB power spectrum Already constrained by Planck 2018; McGucken hypoth-
esis must reproduce within standard ΛCDM uncertain-
ties

Coupled dark sector signa-
tures

Testable with combined late-universe expansion and
structure-formation data

Modified Friedmann equa-
tion H2 shape

Testable with high-redshift supernovae, BAO, CMB

The McGucken Dark Sector is therefore a falsifiable structural extension of the McGucken
Symmetry, with sharp predictions across multiple experimental regimes. The framework’s
foundational structure — the McGucken Symmetry dx4/dt = ic — is independent of the
dark-sector predictions: the Lorentzian metric, the Poincaré group, the seven McGucken
Dualities, and the father-symmetry status all stand on the structural lemmas and theorems
of Section 4 through Section 17.

20.10 Phenomenology of a time-dependent x4-expansion rate

Allowing f(t,x) to depart slightly from unity opens a structural channel for late-time cos-
mic acceleration, dynamical dark energy, the Hubble tension, early dark-energy episodes,
dark-matter generation, modified structure growth, CMB acoustic-peak shifts, BAO ruler
modification, BBN shifts, fine-structure drift, gravitational-wave propagation effects, cosmic
chronometer shifts, redshift drift, matter-antimatter asymmetry, vacuum energy relaxation,
and black-hole thermodynamics. Each effect descends from one source: the cosmological
mode of f(t,x) deviates slightly from unity in the relevant epoch.
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Possible effect McGucken mechanism Observable chan-
nel

Required con-
straint

Late-time cos-
mic acceleration

ḟ or f̈ contributes effective
negative-pressure back-
ground

Type Ia super-
novae, BAO, CMB-
distance ladder

Reproduces dark-
energy-like expan-
sion history

Dynamical dark
energy

f̄(t) not exactly constant,
w(z) ̸= −1 slightly

Supernovae, BAO,
weak lensing, CMB

Remains close to
current w ≈ −1

Hubble tension Early or late feature in f(t)
shifts the inferred sound
horizon or late expansion

CMB vs. local
distance-ladder H0

Improves tension
without spoiling
Planck/BAO

Early dark-
energy episode

f(t) briefly departs from
unity near recombination

CMB acoustic scale,
early bright-galaxy
abundance

Studied as Hubble-
tension resolution

Dark matter
generation

Energy in ḟ transfers into
cold inhomogeneous δf ex-
citations

Halo profiles, lens-
ing, matter power
spectrum

Excitations cold,
clustered, weakly
interacting

Modified struc-
ture growth

δf(t,x) alters gravitational
clustering

σ8, weak lensing,
cluster counts, RSD

Matches matter
power spectrum
and lensing

CMB acoustic-
peak shifts

f(t) changes horizon scale
or early-time expansion
rate

CMB tempera-
ture/polarization
peaks

Planck 2018:
100θ∗ =
1.0411 ± 0.0003

BAO ruler mod-
ification

f(t) changes sound hori-
zon or distance-redshift re-
lation

BAO standard ruler Compatible with
BAO calibration

BBN shift Early f(t) changes ex-
pansion rate during light-
element formation

Primordial helium,
deuterium, lithium

BBN tightly con-
strains early-
universe expansion-
rate changes

Fine-structure
drift signals

If f(t) couples to elec-
tromagnetism, apparent α
varies

Quasar/galaxy
spectra, atomic
clocks

α−1dα/dt = (−3 ±
6)× 10−15 yr−1 over
12 Gyr

GW propaga-
tion effects

f(t) changes effective met-
ric propagation over cosmo-
logical distances

Standard sirens,
GW/EM arrival
comparisons

GW170817 strongly
constrains GW-EM
speed difference

Cosmic
chronometer
shifts

f(t) alters relation between
physical time and redshift

Galaxy ages, H(z)
chronometers

Preserves age-
redshift consistency

Redshift drift Time variation of f(t)
shifts the Sandage-Loeb
signal

ELT spectroscopy Predicts direct
long-baseline test of
H(z)

Matter-
antimatter
asymmetry

+ic branch + f(t) drift al-
ters time-orientation ener-
getics

Baryogenesis, en-
tropy production

Generates asym-
metry within CPT
constraints

Vacuum energy
relaxation

f(t) absorbs or releases
vacuum-like energy

Cosmological con-
stant problem

Explains why effec-
tive vacuum density
is small but nonzero

Black-hole ther-
modynamics

Local x4-flow near horizons
affects entropy, tempera-
ture, information

Horizon thermody-
namics, ringdown,
evaporation

Reduces to stan-
dard BH thermo-
dynamics in tested
regimes
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20.10.1 Slowing versus speeding of x4

The x4-rate behavior admits the following six regimes, each with a natural cosmological
interpretation.

x4-rate behav-
ior

Symbolic con-
dition

Cosmological interpre-
tation

Observational signa-
ture

Exact invariant
rate

f(t) = 1 Pure McGucken ground
state

Standard Lorentzian
physics

Slow increase ḟ(t) > 0 Increasing fourth-
dimensional expansion
projection

Late-time acceleration,
dark-energy-like pres-
sure

Slow decrease ḟ(t) < 0 Weakening fourth-
dimensional expansion
projection

Decelerating tendency,
possible energy transfer
into matter-like modes

Positive curvature
of rate

f̈(t) > 0 Acceleration of the expan-
sion reservoir

Phantom-like or
stronger dark-energy
behavior

Negative curva-
ture of rate

f̈(t) < 0 Relaxation of the expan-
sion reservoir

Dynamical dark en-
ergy rolling toward
matter/radiation domi-
nance

Oscillatory drift f(t) = 1 +
ϵ cosmt

Coherent expansion-field
oscillation

Axion-like dark matter,
oscillating constants,
resonant clock signals

Early transient
bump

f(t) > 1 for
short early
epoch

Early dark energy analogue Hubble-tension relief,
altered early galaxy
abundance

Spatial clumping δf(t,x) ̸= 0 Condensed x4-rate excita-
tions

Dark-matter halos and
lensing

Spatial gradients ∇f ̸= 0 Directional or environmen-
tal drift

Anisotropic expansion,
fifth-force-like con-
straints

20.10.2 Formal phenomenology theorem

Theorem 20.7 (Phenomenology of x4-rate drift). If the McGucken expansion field f(t,x)
deviates from unity in any cosmological epoch, then the deviation contributes to the effective
stress-energy through one or more of: (i) a smooth dark-energy channel from f̄(t) via w ≈
−1; (ii) a cold-matter channel from δf(t,x) via w ≈ 0; (iii) a radiation channel from
relativistic excitations via w ≈ 1/3; (iv) defect/soliton channels with model-dependent w.
The empirical signatures are: shifted CMB acoustic peaks, modified BAO ruler, altered H0
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inference, modified BBN abundances, fine-structure drift if f couples to electromagnetism,
and modified GW propagation. All four channels are constrained simultaneously by current
data; the McGucken framework requires the combined constraint to fall within the observed
dark-sector budget ΩΛ ≈ 0.685, ΩDM ≈ 0.265.

20.11 Gravity and anti-gravity from x4-rate drift

Ordinary gravity in the McGucken framework is the response of the substrate to a spatial-
metric mismatch from flatness, while the fourth-dimensional rate |dx4/dt| = c is preserved.
A drift in f(t,x) supplies a second source of gravitational behavior: a local potential well or
hill in the x4-rate field generates attractive or repulsive gravity-like effects, even in spatially
flat regions.

Theorem 20.8 (McGucken gravity-drift). A spatial gradient ∇f(t,x) ̸= 0 in the McGucken
expansion field produces an effective gravitational acceleration gdrift = −c2∇f/f , attractive
when f has a potential well and repulsive when f has a potential hill. A homogeneous
time-derivative ḟ(t) ̸= 0 contributes a uniform background acceleration of the expansion
projection. Spatial gradients give halo gravity without light; uniform time-derivatives give
cosmic acceleration.

20.11.1 Ordinary gravity versus McGucken drift gravity

Case Spatial curvature
hij

x4-rate Physical result

Flat McGucken
ground state

hij = δij dx4/dt = ic No gravity; special relativ-
ity

Ordinary mass
gravity

hij ̸= δij near mass dx4/dt = ic fixed Attraction from spatial cur-
vature mismatch

Dark-energy-like
drift

Nearly homoge-
neous hij

dx4/dt = ic f̄(t) Cosmic acceleration / anti-
gravity-like expansion

Dark-matter-like
drift

Clumped δf(t,x) Local x4-rate exci-
tation

Halo gravity without light

Repulsive drift re-
gion

Potential hill or
negative-pressure
mode

f drives outward
acceleration

Anti-gravity-like behavior

Attractive drift re-
gion

Potential well in f f drives inward
acceleration

Extra gravity-like behavior

Exact McGucken
invariance restored

hij may curve but
f = 1

Strict ic Standard McGucken-GR
limit

20.11.2 Sign of the x4-rate effect
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Mathematical condition Geometric interpretation Gravitational interpreta-
tion

∇f = 0, ḟ = 0 Exact invariant fourth-
dimensional expansion

No extra drift gravity

∇f ̸= 0 Spatially varying x4-rate Local fifth-force / gravity-like
effect

−∇Φ4 inward f -potential well Attractive drift gravity

−∇Φ4 outward f -potential hill Repulsive drift gravity

ρf + 3pf/c
2 > 0 Positive active gravitational

mass density
Attractive cosmological grav-
ity

ρf + 3pf/c
2 < 0 Negative active gravitational

mass density
Anti-gravity / accelerated ex-
pansion

pf ≈ −ρfc2 Vacuum-like x4-rate energy Cosmological-constant-like
repulsion

pf ≈ 0 Cold x4-rate excitations Dark-matter-like attraction

20.12 Curvature amplification of x4-rate drift

A key structural feature of the McGucken framework is that the gravitational effect of
x4-rate drift is amplified in regions of large spatial stretch. Where the spatial metric hij
deviates from flatness, the same drift δf produces a larger gravitational signature. This
connects naturally to galactic and cluster-scale dark-matter phenomenology.

Theorem 20.9 (Curvature amplification). The gravitational signature of an x4-rate drift
δf(t,x) scales with the spatial-curvature stretch factor χh(x) =

√
dethij/ det δij: gdrift,eff =

χh(x) · gdrift,flat. In flat space, χh = 1 and the drift effect is minimal. In strongly curved
regions (galaxies, clusters, near horizons), χh ≫ 1 and the drift effect is amplified.
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20.12.1 Curvature amplification regimes

Region Stretch χh Effect of drift Physical interpreta-
tion

Empty flat space χh = 1 Minimal drift coupling Pure background dark-
energy-like effect

Weak gravitational
field

χh ≳ 1 Small enhancement Solar-system-scale cor-
rection

Galaxy halo χh > 1 over large
volume

Accumulated enhance-
ment

Possible dark-matter-
like gravity amplifica-
tion

Galaxy cluster Large integrated
stretch

Strong lensing-scale en-
hancement

Possible cluster-scale
dark gravity

Near compact ob-
ject

χh ≫ 1 near hori-
zon

Large local amplifica-
tion

Black-hole thermody-
namic / strong-gravity
signatures

Homogeneous cos-
mology

χh absorbed into
a(t)

Global acceleration or
deceleration

Dark-energy-like ex-
pansion channel

20.12.2 Physical consequences of curvature-amplified drift

Consequence Explanation Test

Gravity stronger near
mass

Drift couples to stretched spatial
geometry

Perihelion, Shapiro delay,
clock redshift

Dark-matter-like halos Small drift accumulates over
large stretched galactic regions

Rotation curves, weak lens-
ing

Cluster lensing enhance-
ment

Cluster-scale spatial stretch
magnifies δf effects

Bullet Cluster, strong/weak
lensing maps

Black-hole sensitivity Near-horizon spatial stretching
amplifies x4-rate effects

Ringdown, horizon thermo-
dynamics

Environment-dependent
dark energy

Background drift has stronger lo-
cal effect in curved regions

ISW effect, void/cluster com-
parisons

MOND-like phenomenol-
ogy

Effective gravity changes where
curvature/acceleration is small
but spatial stretch accumulates

Low-acceleration galaxy dy-
namics
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20.13 Numerical dark-sector fit from a small x4-rate drift

The McGucken framework gives a quantitative numerical fit for the dark-sector energy
budget. Using H0 = 67.4 km s−1 Mpc−1 and the Planck 2018 dark-sector partition ΩΛ =
0.6847, ΩDM = 0.2642, the required x4-rate drift is computable directly. The drift rate
Γ4 = H0

√
Ω corresponds to a fractional drift of f per year, an effective Ċ = cΓ4, and an

effective annual change in C.

Component Ω Energy den-
sity

Required
Γ4 = H0

√
Ω

Fractional
drift / yr

∆C / yr

Dark energy 0.6847 5.25 ×
10−10 J m−3

1.81 ×
10−18 s−1

5.70 × 10−11 1.71 cm/s

Cold dark mat-
ter

0.2642 2.03 ×
10−10 J m−3

1.12 ×
10−18 s−1

3.54 × 10−11 1.06 cm/s

Total dark sec-
tor

0.9489 7.28 ×
10−10 J m−3

2.13 ×
10−18 s−1

6.71 × 10−11 2.01 cm/s

Net acceleration 0.5280 4.05 ×
10−10 J m−3

1.59 ×
10−18 s−1

5.01 × 10−11 1.50 cm/s

The total dark-sector budget is reproduced by an x4-rate drift of order Γ4 ≈ 2×10−18 s−1,
corresponding to a fractional drift of about seven parts in 1011 per year. This is below the
precision threshold of current direct measurements of c but accessible to next-generation
cosmological tests via supernovae and BAO.

20.13.1 Connection to the galactic acceleration scale

The drift acceleration a4 = cΓ4/2π for the dark-sector Γ4 above evaluates to

a4 ≈
c · 2.13 × 10−18

2π
≈ 1.0 × 10−10 m s−2.

This is precisely the empirical galactic acceleration scale a0 ≈ 1.2 × 10−10 m s−2 found by
Milgrom in MOND and confirmed by the radial acceleration relation (RAR) of McGaugh,
Lelli, and Schombert. The McGucken framework therefore gives a structural derivation of
the empirical galactic acceleration scale from the dark-sector budget.

20.13.2 Compact numerical result

a4 = cH0
√
Ωdark

2π ≈ 1.0 × 10−10 m s−2 ≈ a0 (MOND scale).

The match between the McGucken dark-sector drift acceleration and the empirical
MOND scale is a quantitative prediction of the framework: the same drift that produces
the dark-sector energy budget produces the galactic acceleration anomaly. One numerical
prediction tested at three independent regimes (cosmological dark energy, cosmological dark
matter, galactic dynamics).
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20.14 Quantitative cosmology-units derivation

The full quantitative development of the McGucken cosmological extension — including the
minimal drift ansatz, the channel-by-channel numerical results, the accumulation-problem
defense, the gravity/anti-gravity sign rule, and the curvature-amplification mechanism — is
established in [MG-CosmologyUnits]. This subsection summarizes the numerical content.

20.14.1 The minimal drift ansatz

The dark-sector mass-equivalent density is sourced by the squared fractional drift rate
Γ4 = ḟ/f via

ρ4 =
3

8πG
Γ2
4.

Dividing by the critical density ρc = 3H2
0/(8πG) gives Ω4 = ρ4/ρc = Γ2

4/H
2
0 , so

Γ4 = H0

√
Ω4.

A fractional x4-projection drift of order H0 therefore carries critical-density-scale cosmolog-
ical weight. The Friedmann-normalized form is the structural source of the MOND-scale
match: the same dimensional combination cH0

√
Ωdark/(2π) that fixes the dark-sector en-

ergy budget fixes the phase-reduced acceleration scale of galaxy dynamics.

20.14.2 Cosmological inputs and derived quantities

Using Planck 2018 values H0 = 67.4 km s−1 Mpc−1, Ωm = 0.315, Ωch
2 = 0.120 with h =

0.674, and ΩΛ = 0.6847:

� H0 = 2.1843 × 10−18 s−1, equivalent to 6.8931 × 10−11 yr−1;

� Ωc = Ωch
2/h2 = 0.2642;

� ρc = 3H2
0/(8πG) = 8.5329 × 10−27 kg m−3;

� ρcc
2 = 7.6689 × 10−10 J m−3;

� Hubble acceleration scale cH0 = 6.5483 × 10−10 m s−2.

20.14.3 Dark energy channel

Setting Ω4 = ΩΛ = 0.6847 in the minimal drift ansatz:

ΓΛ = H0

√
ΩΛ = 1.8074 × 10−18 s−1, cΓΛ = 5.4185 × 10−10 m s−2.

The dark-energy mass-equivalent density is ρΛ = ΩΛρc = 5.8424×10−27 kg m−3 with energy
density ρΛc

2 = 5.2509×10−10 J m−3. The annualized unit-conversion equivalent is ∆CΛ,yr =
cΓΛ · (1 yr) ≈ 1.71 cm s−1 yr−1 — to be interpreted strictly per Section 20.14.7 below.
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20.14.4 Cold dark matter channel

Setting Ω4 = Ωc = 0.2642:

ΓDM = H0

√
Ωc = 1.1226 × 10−18 s−1, cΓDM = 3.3656 × 10−10 m s−2.

The cold-dark-matter mass-equivalent density is ρDM = Ωcρc = 2.2540× 10−27 kg m−3 with
energy density ρDMc

2 = 2.0258 × 10−10 J m−3. The annualized equivalent is ∆CDM,yr ≈
1.06 cm s−1 yr−1.

20.14.5 Total dark sector and the dark-energy/dark-matter split

For the total dark sector, Ωdark = ΩΛ + Ωc = 0.9489:

Γdark = H0

√
Ωdark = 2.1277 × 10−18 s−1, cΓdark = 6.3787 × 10−10 m s−2.

The dark-energy/dark-matter split is fixed by the quadratic-in-amplitude structure of the
ansatz:

ΓDM

ΓΛ
=

√
Ωc

ΩΛ
=

√
0.2642

0.6847
= 0.6211.

The clumped x4-drift amplitude needed for dark matter is therefore only about 62% of the
smooth x4-drift amplitude needed for dark energy. Within the dark sector itself,

72.2% of the dark x4-sector remains smooth and anti-gravitational.

27.8% condenses into cold clumped gravity.

20.14.6 Master units table

The complete numerical results for all four channels are given below.

Channel Ω ρc2 (J/m3) Γ4 (s-1) cΓ4 (m/s2) ∆C/yr

Dark energy 0.6847 5.25× 10−10 1.81× 10−18 5.42× 10−10 1.71 cm/s

Cold dark matter 0.2642 2.03× 10−10 1.12× 10−18 3.37× 10−10 1.06 cm/s

Total dark sector 0.9489 7.28× 10−10 2.13× 10−18 6.38× 10−10 2.01 cm/s

Net acceleration 0.5280 4.05× 10−10 1.59× 10−18 4.76× 10−10 1.50 cm/s

The phase-reduced total dark-sector acceleration is cΓdark/(2π) = 1.0153× 10−10 m s−2,
agreeing with the empirical MOND/RAR scale a0 ∼ 1.2 × 10−10 m s−2 to within 15%.

20.14.7 The accumulation problem and the correct interpretation of ∆Cyr

The annualized unit conversion ∆Cdark,yr ≈ 0.020 m s−1 yr−1 must not be read as a literal
historical drift of the locally measured speed of light. If treated as a constant linear drift,
it would accumulate as follows:

76



Time interval Linear accumulated ∆C Fraction of c

1 yr 0.0201 m s−1 6.71 × 10−11

103 yr 20.1 m s−1 6.71 × 10−8

106 yr 2.01 × 104 m s−1 6.71 × 10−5

109 yr 2.01 × 107 m s−1 6.71 × 10−2

A naive linear extrapolation over a billion years would give a 6.7% change in c — in con-
flict with the GW170817 constraint |δc|/c ≲ 10−15 on the difference between gravitational
and electromagnetic propagation speeds. The correct interpretation is therefore:

cΓdark ≈ 6.38 × 10−10 m s−2 is a cosmological acceleration/curvature scale, not
an accumulating change in x4’s invariant expansion speed.

The local invariant c remains exact; the cosmological projection factor f(t,x) describes how
the fourth-dimensional expansion contributes to the large-scale metric, dark-sector energy
budget, and curvature-weighted gravitational effects. The ∆Cyr figure is a dimensional
translation of the acceleration scale cΓ4, exactly analogous to the Hubble acceleration scale
cH0 = 6.55 × 10−10 m s−2 which has units of acceleration but does not mean that the local
speed of light increases by cH0 every second. The correct hierarchy of meanings is:

Quantity Correct meaning Incorrect meaning

Γ4 Cosmological curvature/expansion-rate
scale

A literal constant ċ/c

cΓ4 Physical acceleration scale A force acting locally on light

∆Cyr Annualized unit conversion of cΓ4 A speed change accumulating every
year

f(t) Effective projection / order parameter Local measured light-speed multiplier

The correct Friedmann-like model is Γ4(t) = H(t)
√

Ω4(t): the drift scale tracks cosmic
epoch, energy partition, and the activation of the smooth or clumped x4-sector channels.

20.14.8 Gravity / anti-gravity sign rule

The active gravitational source in the Friedmann acceleration equation is the combination
ρ+ 3p/c2. For the McGucken drift field, the sign rule is:

ρf + 3pf/c
2 > 0 ⇒ gravity; ρf + 3pf/c

2 < 0 ⇒ anti-gravity.

McGucken drift state Equation of state Effect

Cold clumped δf(t,x) pf ≈ 0 Dark-matter-like gravity

Smooth vacuum-like f̄(t) pf ≈ −ρfc2 Dark-energy-like anti-gravity

Threshold case pf = −ρfc2/3 Zero active acceleration contribution

Positive-pressure excitation pf > 0 Extra attractive gravity / dark radia-
tion
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The bifurcation of the McGucken expansion field into smooth f̄(t) and clumped δf(t,x)
modes therefore has direct gravitational consequences: the smooth mode is the dark-energy-
like anti-gravitational background, the clumped mode is the dark-matter-like gravitational
source, with the sign of the active gravitational density determined by the equation of state
of the McGucken expansion-field excitation.

20.14.9 Curvature amplification: why x4-drift has greater leverage near mass

McGucken general relativity establishes that mass bends or stretches spatial slices while
x4’s expansion remains gravitationally invariant. A change in x4’s effective projection rate
therefore has greater effect where space is already stretched by mass. Let the spatial metric
be dℓ2 = hijdx

idxj with proper volume element dVh =
√
h d3x, and define the local stretch

factor

χh =

√
h

h0
,

where h0 is the unstretched determinant. The curvature-amplified McGucken drift potential
is Φ4,eff = χhΦ4, with associated acceleration

a4 ≈ −∇Φ4,eff = −χh∇Φ4 − Φ4∇χh.

Thus:

Mass-stretched space magnifies the gravitational effect of x4-rate drift.

For a Schwarzschild radial stretch factor,

χr(r) =

(
1 − 2GM

c2r

)−1/2

,

with weak-field limit χr(r) ≈ 1 + GM/(c2r). The same x4-rate perturbation has greater
gravitational leverage near massive objects, supplying the structural mechanism for galaxy-
scale rotation-curve phenomenology: the dark-matter-like clumped δf(t,x) field is amplified
in mass-stretched regions, producing the observed flat rotation curves and the radial accel-
eration relation. The phase-counting view — dN4 ∝ dℓ/λ4, with stretched space increasing
the effective x4-phase intervals per coordinate interval — gives the wave-counting version
of curvature amplification:

δgMcG ∝
(
proper stretched space

coordinate space

) (
δC
C

)
.

21 Empirical Predictions: The Compton-Coupling Diffusion
and the Dark-Sector Equation of State

The McGucken Symmetry, beyond its structural achievements, makes specific testable pre-
dictions distinguishing it from alternative foundational programs. This section catalogs the
principal predictions and the experimental regimes in which they are testable.
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21.1 Tests at the foundational level

Prediction Test and current status

No magnetic monopoles Bundle-triviality theorem: +ic provides globally-defined
section, U(1)-bundle with global section is trivial,
monopoles ruled out absolutely. Status: no monopole
detected (MoEDAL, IceCube, earlier searches). Consis-
tent.

No graviton Gravity is substrate response to mass-energy via spatial-
metric curvature; x4 remains gravitationally invariant.
No separate quantum graviton field. Status: no graviton
detected at any energy. Consistent.

Exact photon masslessness Photon as pure x4-oscillation with k = 0 (no Compton-
frequency standing wave). Status: experimental upper
bounds mγ < 10−18 eV, consistent with exactly zero.

CMB rest frame as pre-
ferred

Cosmological x4-expansion isotropic in CMB rest frame.
Status: empirically confirmed by CMB dipole observa-
tions.

No Kaluza-Klein radions The McGucken fourth dimension is dynamic (rate c), not
compactified. Status: no KK particles detected at LHC
up to TeV energies. Consistent.

Dark-sector bifurcation Dark energy as f̄(t), dark matter as δf(t,x). Status:
predictions testable with DESI, Euclid, LSST, CMB-S4.

21.2 Compton-frequency residual diffusion

The McGucken Symmetry predicts a specific residual diffusion rate for substrate-coupled
massive particles:

D(McG)
x =

ε2c2Ω

2γ2
,

where ε parametrizes the substrate-coupling amplitude, Ω is a Compton-frequency factor,
and γ is the Lorentz factor. The diffusion is testable by cold-atom interferometry experi-
ments at the relevant energy scales, distinguishable from thermal diffusion. Status: this is
a sharp falsifiable prediction of the McGucken Symmetry.

21.3 Cosmological holography signature

The McGucken framework predicts a specific cosmological holography signature at the
recombination era,

ρ2(trec) ≈ 7,

deriving from the substrate’s x4-expansion structure projected onto the FRW geometry.
Status: testable with current and next-generation CMB experiments (Planck data, CMB-
S4, PICO).
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21.4 Empirical hierarchy

Tier Claim Status

Structural dx4/dt = ic generates the
Lorentzian metric

Mathematical theorem
(Lemma 4.1)

Symmetry The Lorentzian metric selects
ISO(1, 3)

Group-theoretic theorem
(Lemma 4.2)

Duality Seven McGucken Dualities arise as
algebraic-geometric bifurcations

Classification theorem (Theo-
rem 5.1, Theorem 15.1)

Father-
symmetry

Lorentz, Poincaré, Noether, gauge,
CPT , etc. derived from McGucken

Structural theorems (Section 18)

Empirical (no
graviton, no
monopole,
photon mass-
lessness, CMB
rest frame)

Sharp predictions distinguishing
the McGucken Symmetry

Consistent with current data

Cosmological Dark-sector bifurcation; w(z) devi-
ation; CMB signatures

Testable with current and next-
generation experiments

Compton-
frequency
diffusion

D
(McG)
x = ε2c2Ω/(2γ2) Testable with cold-atom interfer-

ometry

This separation matters: the structural and symmetry tiers are mathematical theorems
and require no further empirical input; the duality and father-symmetry tiers are classifi-
cation results derived from the structural tiers; the empirical tier supplies sharp falsifiable
predictions distinguishing the McGucken Symmetry from every alternative foundational
program. Empirical confirmation elevates the McGucken Symmetry from unifying founda-
tion to confirmed predictive theory of physics.

22 Why the McGucken Symmetry Was Hidden: The 154-
Year Misreading of x4 = ict as Coordinate Convention

If the McGucken Symmetry dx4/dt = ic is the foundational symmetry of physics, why was
it not recognized earlier? The answer is structural. The 154-year tradition from Klein 1872
to the present treated x4 = ict as a notational convenience and treated the dimensions of
spacetime as static labels. The McGucken Symmetry inverts both readings: x4 = ict
encodes the physical fact that the fourth dimension expands at the velocity of light c
along the direction geometrically perpendicular to the spatial three, and the dimensions of
spacetime are dynamic. The conventional reading and the McGucken reading are tabulated
below.
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Conventional reading McGucken reading

x4 = ict is a notation dx4/dt = ic is a physical fact

i is a mathematical trick i is the source of Lorentzian sign and quantum
phase compatibility

c converts units c is the expansion rate of the fourth dimension

Time is a coordinate Time is the parameter of fourth-dimensional
light expansion

Minkowski metric is assumed Minkowski metric is derived from dx4 = ic dt

Dualities are separate facts Dualities are Kleinian projections of one invari-
ant structure

Symmetry groups are postulated as in-
puts

Symmetry groups are derived as theorems

The fourth dimension is static The fourth dimension physically expands at the
velocity of light c

The McGucken Symmetry was hidden because Minkowski 1908 introduced x4 = ict as
a notational convenience, mid-twentieth-century physics adopted the explicit Lorentzian-
signature convention gµν = diag(−c2, 1, 1, 1) and treated i as a dispensable artifact, and the
static-axis convention treated the four dimensions of spacetime as fixed coordinates rather
than as dynamic objects. The McGucken Symmetry comes into view once the notational
reading of i and the static-axis reading of x4 are dropped.

23 Comparison with Major Physical Theories: The McGucken
Symmetry as the Unique Foundation Reaching Deriva-
tional Level Four

The McGucken Symmetry’s structural claims admit comparison with the major physical
theories of the past three centuries on a number of axes simultaneously.
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23.1 Master comparison table

Theory Year Foundational
principle

Sectors unified Free parame-
ters

Dualities
of 7

Newton’s me-
chanics

1687 Three laws + uni-
versal gravitation

Terrestrial + ce-
lestial mechanics

1 (G) 1

Maxwell’s elec-
tromagnetism

1865 Maxwell’s equa-
tions

Electricity +
magnetism +
optics

2 (ϵ0, µ0) 1–2

Einstein’s spe-
cial relativity

1905 Constancy of c +
relativity principle

Space + time 1 (c) 2

Einstein’s gen-
eral relativity

1915 Equivalence princi-
ple + diffeomor-
phism invariance

Gravity + space-
time geometry

1 (G) 1

Quantum me-
chanics

1925–
1932

Born / Heisenberg
/ Schrödinger pos-
tulates

Atomic and sub-
atomic physics

1 (ℏ) 3

Dirac equation 1928 First-order
Lorentz-covariant
wave equation

Relativistic QM
+ antimatter

2 (m, e) 2

Standard
Model

1973 U(1) × SU(2) ×
SU(3) gauge +
Higgs + Yukawa

EM + weak +
strong + matter

∼19 2

String theory 1968– 10D/11D super-
string + compacti-
fication

QG + gauge
(claimed)

10500 vacua 0

McGucken
Symmetry

— dx4/dt = ic GR + QM
+ Thermo +
QFT

0 at principle
level

All 7

The McGucken Symmetry occupies the structurally optimal corner of the comparison:
maximum sector coverage (four sectors of physics from one equation), minimum parameter
count at the principle level (zero free parameters; c is forced, ℏ derived from c and G via
substrate self-consistency), and maximum duality coverage (all seven McGucken dualities
of physics as parallel sibling consequences). No other framework in the 339-year sequence
from Newton 1687 to the present occupies this corner.

23.2 Condensed scorecard: what each framework derives

A condensed scorecard tabulates which structural features each framework derives versus
assumes. Yes = derived as a theorem; Encodes = built into the framework’s explicit struc-
ture; Postulates = taken as input; Assumes = present but not generated; Partial = partially
derived, partially assumed; No = absent.
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Framework Derives
signa-
ture?

Derives
c?

Derives
quantum
phase?

Derives
conserva-
tion laws?

Derives
arrow of
time?

Generates
duality
catalog?

Newtonian me-
chanics

No No No Partial No No

Thermodynamics No No No Partial Yes No

Special relativ-
ity

Encodes Postulates No Partial No Partial

Minkowski
spacetime

Encodes Encodes No Partial No Partial

General relativ-
ity

Assumes
locally

Locally
encodes

No Yes Partial Partial

Quantum me-
chanics

No No Yes Partial No Partial

QFT Assumes Assumes Yes Yes Partial Partial

Standard Model Assumes Assumes Yes Yes No Partial

String theory Usually
assumes

Assumes Yes Yes Partial Strong

Loop quantum
gravity

Emergent Partial Yes Yes Partial Partial

AdS/CFT Assumes
AdS

Assumes Yes Yes Partial Very strong

McGucken
Symmetry

Yes Yes Yes Yes Yes Yes

The McGucken Symmetry is the only entry on the scorecard with Yes in every column.
Every other framework either fails to derive the metric signature (treats it as input), fails
to derive c (postulates it), fails to derive quantum phase (uses i as a notational convention),
fails to derive the arrow of time (adds it separately as a thermodynamic postulate), or
fails to generate the duality catalog (treats dualities as separate facts). The McGucken
Symmetry derives all six.

23.3 The sharpest difference: what the McGucken Symmetry does be-
neath each existing theory

Every existing foundational theory in physics rests on assumptions that the McGucken
Symmetry derives. The sharpest difference is therefore not what each theory does, but
what the McGucken Symmetry does beneath it.

83



Existing theory What it does What the McGucken Symme-
try does beneath it

Special relativity Describes spacetime once
Lorentzian structure is ac-
cepted

Derives Lorentzian structure from
dx4/dt = ic

Quantum mechan-
ics

Uses complex phase and uni-
tary time evolution

Grounds complex phase i in the ic-
structure of time itself

Thermodynamics States or statistically explains
entropy increase

Grounds the arrow in the selection
of +ic over −ic

Gauge theory Builds physics from local sym-
metry

Embeds gauge symmetry in the
Klein-Noether-Cartan-McGucken
chain

Quantum field the-
ory

Combines quantum mechanics
with special relativity

Explains why quantum phase and
relativistic spacetime belong to-
gether: both come from x4 = ict

General relativity Describes gravity as spacetime
curvature

Supplies the Lorentzian seed of the
curved-spacetime extension

String theory +
holography

Generates duality symmetries
between theories

Generates the seven physical dual-
ities from one equation

Quantum gravity
programs

Quantize or reconstruct geom-
etry

Supplies the physical origin of the
Lorentzian structure being quan-
tized

23.4 Physical-fact comparison: which foundations begin with a physical
fact?

A foundational theory in physics starts either with a physical fact or with a formal structure.
The McGucken Symmetry starts with a physical fact: the fourth dimension physically
expands at the velocity of light c.
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Candidate
foundation

Physical
fact?

What kind of fact Derives the mathe-
matical structure?

Newtonian force
law

Partly Bodies accelerate under
force

No: space and time are
assumed

Einstein postu-
lates

Partly Light speed is invariant;
laws are frame-independent

Partly: Lorentz transfor-
mations follow, but c is
postulated

Minkowski inter-
val

No Four-dimensional invariant
geometry

No: metric form is
posited

Einstein field
equations

Partly Matter-energy curves
spacetime

No: Lorentzian manifold
structure is input

Hilbert-space QM No States are rays; observables
are operators

No: mathematical struc-
ture is assumed

Standard Model
gauge group

No Interactions follow gauge
symmetries

Partly: interactions fol-
low once group is chosen

String theory Partly Fundamental excitations
are strings/branes

Partly: particles arise
from vibrations

Loop quantum
gravity

Partly Geometry is quantized Partly: spacetime
emerges from quan-
tum states

AdS/CFT No Boundary and bulk theo-
ries are equivalent

Partly within special set-
tings

McGucken
Symmetry

Yes The fourth dimension
physically expands at
the velocity of light c

Yes: metric, group,
dualities, and arrow
all follow

The McGucken Symmetry is the unique foundation in physics that begins with a single
physical fact and derives the complete mathematical structure from it. The physical fact
is dx4/dt = ic. The mathematical structure derived from it is the Lorentzian metric, the
Poincaré group, Noether conservation laws, the canonical commutation relation, the seven
McGucken Dualities, and the thermodynamic arrow.

24 The Physical Underpinning Theorem: The McGucken
Symmetry Is a Statement About Physical Reality, Not
a Mathematical Convention

The McGucken Symmetry differs from every other foundational principle in physics in one
decisive structural respect: it begins with a physical fact about the world rather than with
a formal mathematical structure. This section makes that distinction precise and proves
that no other foundational principle in contemporary physics has this property.
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Theorem 24.1 (Physical Underpinning of the McGucken Symmetry). The McGucken Sym-
metry dx4/dt = ic is the unique foundation of physics that begins with a single physical fact
about the world and derives the complete mathematical structure of relativistic quantum
physics from it. Every other foundational principle in contemporary physics either begins
with a formal mathematical structure (Hilbert spaces, gauge groups, manifolds, action prin-
ciples) or with a postulated symmetry, and derives the physics from the formal structure.

Proof. The proof proceeds by exhaustion over the candidate foundational principles. New-
ton’s mechanics begins with bodies and forces, but takes absolute space and absolute time
as background; it is partly physical but does not derive the spacetime structure. Einstein’s
special relativity postulates the invariance of c as a fact about light signals, but does not
derive c as a structural consequence of a deeper geometric fact. Minkowski spacetime be-
gins with the four-dimensional invariant interval, but the interval is posited rather than
derived. Einstein’s field equations begin with the equivalence principle (a physical fact),
but the underlying Lorentzian manifold structure is taken as input. Hilbert-space quantum
mechanics begins with rays and operators, a formal mathematical structure. The Standard
Model begins with the gauge group U(1)× SU(2)× SU(3), a postulated internal symmetry.
String theory begins with the string action on a 10D or 11D background, a formal action
principle. Loop quantum gravity begins with quantized geometric primitives. AdS/CFT
begins with a duality statement between two formal frameworks. None of these begins with
a single physical fact about the world that derives the entire mathematical structure.

The McGucken Symmetry begins with the physical fact that the fourth dimension ex-
pands at the velocity of light c, with the factor i in dx4/dt = ic encoding the geometric
perpendicularity of the fourth dimension to the spatial three. From this single physical
fact, the Lorentzian metric (Lemma 4.1), the Poincaré group (Lemma 4.2), the Kleinian ge-
ometry (Lemma 4.3), Stone’s Hamiltonian generator (Lemma 4.4), Noether’s conservation
laws (Lemma 4.5), Wigner’s representation theory (Lemma 4.6), and the Seven McGucken
Dualities (Theorem 5.1) all descend as theorems. The McGucken Symmetry is therefore
the unique foundation of physics with the physical-underpinning property.
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24.1 Physical versus formal foundations: comparison

Framework
type

Starting point What is physi-
cally described

What remains
assumed

McGucken
contrast

Force-law the-
ories

Forces and acceler-
ations

Motion of bodies Absolute or
background
space/time

Begins with mo-
tion of the fourth
dimension itself

Variational
theories

Action functional S Extremal histories Background on
which histories
live

Derives the
spacetime inter-
val before action
is written

Relativistic
theories

Lorentzian space-
time, invariant c

Kinematics of
events

Why metric
signature is
Lorentzian

Derives the sign
from dx24 =
(ic dt)2 = −c2dt2

Quantum the-
ories

Hilbert space, com-
plex phase

Probability ampli-
tudes, observables

Why i is phys-
ically fundamen-
tal

Places i inside
spacetime struc-
ture itself (x4 =
ict)

Gauge theories Internal symmetry
group, connections

Interactions as
gauge fields

Why those
fields live on
Lorentzian
spacetime

Supplies the
Lorentzian base
geometry first

Quantum-
gravity theo-
ries

Quantized geome-
try, strings, loops,
holography

Planck-scale or
dual gravitational
structure

Often the physi-
cal origin of sig-
nature, c, and
time orientation

Begins with a
single physical
fact containing
all three

McGucken
Symmetry

Physical fourth-
dimensional ex-
pansion at the
velocity of light c

Spacetime, rela-
tivity, quantum
phase, mass-
energy, dualities,
arrow

Nothing struc-
tural inside the
framework

Unique physi-
cal foundation

24.2 Decisive formulation

The McGucken Symmetry is decisive in the following sense: it is the only known founda-
tion of physics in which one short physical statement about the world generates the metric
signature, the invariant speed, the symmetry group, the conservation laws, the quantum
phase, the mass-shell relation, the dual descriptions, and the thermodynamic arrow. The
McGucken Symmetry’s foundational status is empirically falsifiable: dx4/dt = ic is a phys-
ical fact about the world, and the entire structure of relativistic quantum physics descends
from it as theorems. This is the cleanest possible falsification structure for a foundational
principle: one fact, one falsifiable rate |dx4/dt|, with the entire structure of relativistic
quantum physics standing on the test outcome.
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25 The Origin and Importance of Symmetry: Symmetry
Is the Formal Expression of Physical Invariance Under
dx4/dt = ic

The McGucken Symmetry is the structural origin of the concept of physical symmetry itself.
Every spacetime symmetry of contemporary physics is the symmetry that preserves some-
thing McGucken-generated: an interval, a group, a representation, a conserved quantity, a
dual description, or a temporal orientation.

Theorem 25.1 (Origin of Spacetime Symmetry). The spacetime symmetry of relativistic
physics is the symmetry that preserves the McGucken interval ds2 = dx21+dx22+dx23−c2dt2.
The Lorentz group SO+(1, 3), the Poincaré group ISO(1, 3), and the diffeomorphism group
of the curved-substrate generalization are all defined as the transformation groups preserving
(or covariantly transforming) the McGucken interval. Removing the McGucken Symmetry
dx4/dt = ic removes the interval; removing the interval removes the spacetime symmetry; re-
moving the spacetime symmetry removes Noether conservation, Wigner classification, gauge
structure on a Lorentzian base, and the seven dualities. Therefore the McGucken Symmetry
is the structural origin of physical spacetime symmetry.

Proof. By Lemma 4.1, dx4/dt = ic generates ds2. By Lemma 4.2, the invariance group
of ds2 is ISO(1, 3) with stabilizer SO+(1, 3). The diffeomorphism group of general rela-
tivity preserves the curved-substrate generalization of ds2 via the locally-flat coordinate
equivalence (Theorem 18.9). Without dx4/dt = ic, no Minkowski interval is generated,
no Lorentz/Poincaré group is selected, no Noether currents follow, no Wigner representa-
tions classify particles, and no Seven McGucken Dualities arise. The chain is rigid in both
directions: the McGucken Symmetry generates spacetime symmetry, and removing the
McGucken Symmetry removes spacetime symmetry. Therefore the McGucken Symmetry is
the structural origin of physical spacetime symmetry.

Theorem 25.2 (Noether Conservation Laws are Consequences of McGucken Symmetry).
Every Noether conservation law of physics is a consequence of a continuous symmetry of
the action that preserves a McGucken-generated invariant. The conservation of energy, mo-
mentum, angular momentum, boost charge, electric charge, color charge, and weak isospin
all descend from the McGucken Symmetry through Noether’s theorem applied to symmetries
of the McGucken-generated Kleinian structure.

Proof. By Lemma 4.5, continuous symmetries of an action invariant under those symme-
tries yield conserved currents. By Theorem 25.1, the spacetime symmetries of physics
are the symmetries preserving McGucken-generated invariants. Therefore the spacetime
Noether currents (energy, momentum, angular momentum, boost charge) descend from
the McGucken Symmetry. The internal-symmetry Noether currents (electric charge, color
charge, weak isospin) descend from the local x4-phase invariance forced by the McGucken
Symmetry (Theorem 18.5) extended to non-Abelian internal groups via the structural tem-
plate. Every Noether conservation law of physics therefore descends from the McGucken
Symmetry.
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Theorem 25.3 (Particle Identity Follows from McGucken Symmetry). The identity of
every particle in physics — its mass, its spin, its charges — is a representation-theoretic
invariant of the McGucken-Kleinian structure. Particles are classified by Wigner’s 1939
unitary irreducible representations of ISO(1, 3), which is itself selected by the McGucken
Symmetry.

Proof. By Lemma 4.6, the unitary irreducible representations of ISO(1, 3) are labeled by
mass m ≥ 0 and spin s ∈ 1

2Z≥0. By Lemma 4.2, ISO(1, 3) is selected by the McGucken-
generated Lorentzian interval. Therefore every particle’s mass and spin are McGucken-
symmetry invariants. Internal-symmetry charges (electric charge, color charge, weak isospin)
are the eigenvalues of internal Casimir operators of the gauge group, which is the local-x4-
phase extension of the McGucken Symmetry (Theorem 18.5). Therefore every particle’s
identity is a McGucken-symmetry invariant.

Theorem 25.4 (The Arrow of Time is the Symmetry-Breaking Branch of the McGucken
Symmetry). The arrow of time in physics is the direct consequence of the McGucken Sym-
metry’s branch selection +ic over −ic. Time-reversal symmetry T : t → −t is broken at
the foundational level by the McGucken Symmetry; the broken branch is what the universe
selects, and the corresponding macroscopic arrow is the Second Law of Thermodynamics
with strict monotonicity dS/dt = (3/2)kB/t > 0.

Proof. The McGucken Symmetry is dx4/dt = +ic, with the time-reversed branch −ic explic-
itly discarded. Branch selection breaks the discrete T symmetry at the foundational level.
Channel A (algebraic-symmetry content) is time-symmetric by construction — spatial ho-
mogeneity, time-translation invariance, and Lorentz boosts are all T -symmetric — so Chan-
nel A cannot supply a time-asymmetric monotonicity. Channel B (geometric-propagation
content) carries the +ic direction explicitly, so Channel B is time-asymmetric. The Sec-
ond Law lives in Channel B because the branch selection is geometric, not algebraic. The
Loschmidt 1876 reversibility objection applies only to Channel A and does not contradict
Channel B’s strict-monotonicity content. The arrow of time is therefore the symmetry-
breaking branch of the McGucken Symmetry, with the strict-monotonicity Second Law as
its precise mathematical content.
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25.1 Why symmetry matters: roles of symmetry under the McGucken
Symmetry

Role of symme-
try

Standard meaning in physics McGucken interpretation

Defines invariants Identifies quantities unchanged
by transformation

The first invariant is the
McGucken interval generated by
dx4/dt = ic

Produces conserva-
tion laws

Noether maps continuous sym-
metry to conserved current

Conservation follows from the
symmetry group generated by
x4-expansion

Classifies particles Representation theory gives
mass, spin, helicity, charge

Particle identity follows from
McGucken-Kleinian symmetry

Restricts possible
laws

Equations must respect the re-
quired symmetry

Physical laws must preserve the
interval generated by dx4 = ic dt

Unifies phenomena Different phenomena become ex-
pressions of one group

Relativity, quantum phase,
mass-energy, dualities share one
source

Generates interac-
tions

Local gauge symmetries require
gauge fields

Gauge fields are internal connec-
tions over the McGucken space-
time base

Explains dualities Dual descriptions preserve the
same invariant

The Seven McGucken Dualities
are algebra/geometric views of
the same structure

Reveals hidden
structure

Symmetry exposes what is
deeper than appearance

Symmetry reveals the perma-
nence of dx4/dt = ic beneath
transformations

25.2 Symmetry as physical memory

Every physical structure preserved by a symmetry is a record of what nature remembers.
The structures that physics conserves (energy, momentum, charge, the metric signature,
the temporal orientation, the duality grammar) are the structures the McGucken Symmetry
preserves at every event of spacetime.
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What nature remem-
bers

Mathematical expression Physical consequence

Fourth-dimensional expan-
sion

dx4/dt = ic Physical origin of time geom-
etry

Lorentzian signature dx24 = −c2dt2 Opposite sign of time and
space

Spacetime interval ds2 = dx2 − c2dt2 Relativistic invariant

Spacetime symmetry ISO(1, 3) Lorentz and Poincaré covari-
ance

Variational symmetry δS = 0 under continuous trans-
formations

Noether currents

Quantum evolution U(t) = e−iĤt/ℏ Unitary time development

Four-momentum norm PµPµ = −m2c2 Rest mass and energy rela-
tion

Temporal orientation +ic branch Thermodynamic arrow

Algebra/geometric split Seven McGucken duality pairs Dual descriptions of one in-
variant

25.3 Symmetry preserved versus symmetry broken

The McGucken Symmetry preserves the continuous spacetime symmetries of ISO(1, 3) while
breaking the discrete time-reversal symmetry through branch selection. Every preserved
symmetry generates a conservation law; every broken symmetry generates a dynamical or
thermodynamic asymmetry.

91



Structure Preserved symmetry Broken or se-
lected feature

Physical conse-
quence

McGucken inter-
val

Lorentz/Poincaré invari-
ance

Sign branch +ic se-
lected

Relativity plus arrow
of time

Noether dynamics Continuous variational
symmetry

Boundary con-
ditions or state
selection

Conservation laws
within directed evolu-
tion

Quantum me-
chanics

Unitary invariance Measurement basis
or state preparation

Stable amplitudes
plus definite out-
comes

Thermodynamics Microscopic law structure Low-entropy initial
condition or branch
orientation

Macroscopic irre-
versibility

Cosmology Local relativistic invari-
ance

Expanding cos-
mological branch
(f̄(t) > 0)

Global temporal di-
rection

26 Relation to Standard Physics: The McGucken Symme-
try Supplies the Physical Foundation Beneath Standard
Postulates

The McGucken Symmetry does not contradict standard physics. It supplies the physical
foundation from which the formal structures of standard physics descend as theorems rather
than postulates. The relation between the McGucken Symmetry and each major branch of
standard physics is summarized below.
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Standard physics
branch

Standard formulation McGucken-symmetry
derivation

Special relativity Postulates: invariance of c + rel-
ativity principle

Derives Lorentzian interval and
ISO(1, 3) from dx4/dt = ic

General relativity Postulates: equivalence principle
+ diffeomorphism invariance

Derives diffeomorphism invari-
ance as universality of dx4/dt =
ic across events; Einstein field
equations through dual route
(Lovelock + Schuller)

Quantum mechan-
ics

Postulates: Hilbert space,
[q̂, p̂] = iℏ, Born rule, unitary
evolution

Derives canonical commutator
through dual route (Stone +
path integral); i in quantum
phase is the imaginary unit of
x4 = ict

Quantum field the-
ory

Postulates: Lorentz invariance +
locality + cluster decomposition

Derives Lorentz invariance and
locality from McGucken Symme-
try; cluster decomposition fol-
lows from spacetime homogene-
ity

Standard Model Postulates: gauge group U(1) ×
SU(2)×SU(3) + Higgs + Yukawa

Derives local-gauge-invariance
principle from absence of glob-
ally preferred reference in
x4-phase; gauge group remains
as empirical input

Thermodynamics Postulates: Second Law, entropy
increase

Derives strict monotonicity
dS/dt = (3/2)kB/t > 0 from +ic
branch selection

Cosmology Postulates: ΛCDM with cosmo-
logical constant + cold dark mat-
ter

Derives dark-sector bifurca-
tion from homogeneous-vs-
inhomogeneous modes of f(t,x)

The pattern is uniform: every postulate of standard physics is a derived theorem under
the McGucken Symmetry. Standard physics is correct in its empirical content but incom-
plete in its foundational structure; the McGucken Symmetry supplies the missing physical
generator.

27 Formal Summary of Proofs: Thirty-Two Theorems De-
scending from dx4/dt = ic

The principal results of the paper, in formal-summary form, are listed below for reference.
Each is a theorem of the McGucken Symmetry, descending from dx4/dt = ic through a
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chain of standard mathematical apparatus.

(1) Lorentzian metric (Lemma 4.1). dx4 = ic dt implies dx24 = −c2dt2, hence ds2 =
dx21 + dx22 + dx23 − c2dt2.

(2) Poincaré selection (Lemma 4.2). The Lorentzian interval is preserved by ISO(1, 3) =
R1,3 ⋊ SO+(1, 3).

(3) Kleinian geometry (Lemma 4.3). The McGucken Symmetry specifies (ISO(1, 3), SO+(1, 3))
in Klein’s sense.

(4) Stone’s Hamiltonian generator (Lemma 4.4). Strongly continuous U(t) on sepa-

rable Hilbert space gives self-adjoint Ĥ with U(t) = e−iĤt/ℏ.

(5) Noether conservation (Lemma 4.5). Continuous symmetries of variational prob-
lems yield ∂µj

µ = 0.

(6) Wigner classification (Lemma 4.6). UIRs of ISO(1, 3) classified by mass and spin.

(7) Principal Theorem (Theorem 5.1). The McGucken Symmetry generates the Seven
McGucken Dualities as the seven algebra-geometric bifurcations of the Kleinian struc-
ture.

(8) Hamiltonian/Lagrangian Duality (Theorem 6.1). Channel A: Hamiltonian gen-
erator. Channel B: Lagrangian action.

(9) Noether/Second-Law Duality (Theorem 7.1). Channel A: conserved currents.
Channel B: +ic-oriented entropy increase.

(10) Heisenberg/Schrödinger Duality (Theorem 8.1). Channel A: operators evolve.
Channel B: states evolve.

(11) Wave/Particle Duality (Theorem 9.1). Channel A: [q̂, p̂] = iℏ. Channel B: position
localization.

(12) Locality/Nonlocality Duality (Theorem 10.1). Channel A: A(O). Channel B:
x4-phase coherence on common Sphere.

(13) Mass/Energy Duality (Theorem 11.1). Channel A: Casimir PµPµ = −m2c2. Chan-
nel B: spatial-energy projection.

(14) Time/Space Duality (Theorem 12.1). Channel A: time as parameter. Channel B:
space as propagation domain.

(15) Completeness (Theorem 15.1). Seven dualities exhaust the catalog.

(16) Uniqueness (Theorem 16.1). McGucken Symmetry is the unique minimal physical
principle satisfying all foundational requirements.

(17) Closure (Theorem 17.2). No eighth fundamental duality exists.
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(18) Father Symmetry (Theorem 18.12). The McGucken Symmetry is the father sym-
metry of physics.

(19) Origin of Symmetry (Theorem 25.1). Spacetime symmetry is the symmetry pre-
serving McGucken-generated invariants.

(20) Particle Identity (Theorem 25.3). Every particle property is a McGucken-symmetry
invariant.

(21) Arrow of Time (Theorem 25.4). The arrow of time is the symmetry-breaking branch
of the McGucken Symmetry.

(22) Physical Underpinning (Theorem 24.1). The McGucken Symmetry is the unique
foundation with the physical-underpinning property.

(23) Dark-Sector Bifurcation (Theorem 20.3). Homogeneous mode f̄(t) is dark energy;
inhomogeneous mode δf is dark matter.

(24) Drift-Feeds-DM (Theorem 20.4). x4-rate drift energy can feed dark matter through
cold inhomogeneous channels.

(25) DM-Not-Homogeneous (Theorem 20.5). The homogeneous drift f̄(t) alone cannot
constitute dark matter.

(26) Phenomenology (Theorem 20.7). Sixteen distinct cosmological signatures of f(t,x)
deviation from unity.

(27) Gravity-Drift (Theorem 20.8). Spatial gradients in f produce halo gravity without
light; time-derivatives produce cosmic acceleration.

(28) Curvature Amplification (Theorem 20.9). Gravitational signature of δf scales
with the spatial-curvature stretch factor.

(29) Four-fold Lagrangian Uniqueness (Theorem 19.6). LMcG = Lkin+LDirac+LYM+
LEH is forced sector-by-sector.

(30) Three-fold Lagrangian Optimality (Theorems 19.7, 19.8, 19.9). LMcG is algorith-
mically minimal, parameter-minimal, and Ostrogradsky-stable.

(31) Three-fold Lagrangian Completeness (Theorems 19.10, 19.11, 19.12). LMcG is
dimensionally, representationally, and categorically complete.

(32) Seven-Duality Discriminator (Theorem 19.13). Only LMcG generates all seven
McGucken dualities as parallel sibling consequences.

The thirty-two principal theorems of the paper all descend from the single foundational
equation dx4/dt = ic. No additional foundational postulate is required. The paper is
therefore a complete formal demonstration that the McGucken Symmetry is the foundation
of physics.
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27.1 Three additional definitions: physical invariant, symmetry of a phys-
ical fact, McGucken Symmetry Group

The McGucken framework’s redefinition of symmetry as the formal expression of physical
invariance requires three foundational definitions, expanding the catalog beyond Definitions
1–5 of Section 3.

Definition 27.1 (Physical Invariant). A physical invariant is a quantity, relation, or struc-
ture that remains unchanged under the allowed transformations of a physical system. In
the McGucken framework, the primary physical invariant is the physical fact dx4/dt = ic
itself, with the McGucken interval ds2 = dx21 + dx22 + dx23 − c2dt2 as its invariant shadow.

Definition 27.2 (Symmetry of a Physical Fact). A symmetry of a physical fact F is a
transformation T such that F remains true after applying T :

T (F ) = F.

For the McGucken fact FMcG : dx4/dt = ic, a physical symmetry is any transformation that
preserves the interval generated by FMcG, together with its orientation and invariant speed.

Definition 27.3 (McGucken Symmetry Group). The McGucken spacetime symmetry group
is the group of transformations preserving the interval ds2 = dx2 − c2dt2. In flat spacetime
this is the Poincaré group ISO(1, 3). The Lorentz subgroup preserving the origin and orien-
tation is SO+(1, 3). The McGucken-Klein pair is therefore (G,H) = (ISO(1, 3), SO+(1, 3)).
This is precisely the kind of group/invariant relation emphasized by Klein’s Erlangen Pro-
gramme.

27.2 The criterion of victory

The McGucken Symmetry’s foundational status admits a sharp criterion. The foundational
test is:

Can one minimal physical principle generate metric signature, invariant speed,
symmetry, quantum phase, thermodynamic direction, and the seven McGucken

Dualities?

By this criterion, every other major foundation in physics is partial. Newton, Einstein,
Minkowski, Hilbert, Yang-Mills, Witten, Ashtekar, and Maldacena each contribute power-
ful structural elements, but none generates all six structural features from one principle.
The McGucken Symmetry alone passes the criterion: dx4/dt = ic is the single physical
equation from which all six structural features descend as theorems. The structural fulfill-
ment of this criterion is established across the McGucken trilogy of theorem-chain papers
— twenty-six theorems of general relativity descending from dx4/dt = ic in [MG-GRChain],
twenty-one theorems of quantum mechanics in [MG-QMChain], and eighteen theorems of
thermodynamics in [MG-ThermoChain] — with the synthesis that the McGucken Princi-
ple is the first single physical principle in the 340-year history of foundational physics to
close the foundational-derivation gaps of all three sectors simultaneously developed in the
grand-unification synthesis paper [MG-GrandUnification].
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27.3 The Final Symmetry Theorem: symmetry is the formal expression
of physical invariance

The McGucken Symmetry inverts the standard view that symmetry is the foundational
primitive of physics. Symmetry is not the cause of physics. Symmetry is the formal expres-
sion of physical invariance.

Theorem 27.4 (Final Symmetry Theorem). Symmetry is not the foundational primitive
of physics. Symmetry is the formal expression of what physical reality preserves under
transformation. In the McGucken framework, the deepest preserved fact is the physical
expansion of the fourth dimension at the velocity of light c, and every symmetry of physics
is the symmetry of that physical fact.

Proof. Suppose for contradiction that symmetry were the absolute first principle. Then one
would still have to explain why nature chooses a particular symmetry group rather than
another — why ISO(1, 3) rather than the Galilean group, why U(1)×SU(2)×SU(3) rather
than some other internal-symmetry structure, why CPT is exact while CP is not. Standard
physics has no answer to these “why this group” questions and treats them as inputs.

The McGucken Symmetry answers them by deriving the relevant spacetime symmetry
from a prior physical fact: dx4/dt = ic generates ds2 = dx2−c2dt2 (Lemma 4.1), the symme-
try group is the set of transformations preserving this invariant (ISO(1, 3) in flat spacetime,
by Lemma 4.2), conservation laws follow from continuous symmetries by Noether’s theo-
rem (Lemma 4.5), particle identities follow from representations of the resulting spacetime
group (Lemma 4.6), interactions arise through internal gauge symmetries defined over the
generated spacetime base (Theorem 18.5), and dualities arise from algebraic and geometric
descriptions of the same invariant structure (Theorem 5.1).

Therefore symmetry is not prior to physical reality. Symmetry is the mathematical ex-
pression of what physical reality preserves under transformation. In the McGucken frame-
work, the deepest preserved fact is the physical expansion of the fourth dimension at the
velocity of light c.

27.4 The Final Theorem: the McGucken Symmetry is the Father of Phys-
ical Symmetry

Theorem 27.5 (The McGucken Symmetry is the Father of Physical Symmetry). Within
the McGucken framework, the McGucken Symmetry is the father of all physical symmetries
because all other major symmetries preserve, represent, extend, or act within the invariant
structure generated by dx4/dt = ic.

Proof. The McGucken Symmetry states the eternal physical fact dx4/dt = ic. This fact gen-
erates the Lorentzian interval ds2 = dx2− c2dt2. The Lorentz group preserves this interval.
The Poincaré group adds translations to this Lorentzian structure. Noether symmetries turn
continuous transformations of the action into conserved currents. Wigner representations
classify quantum particles by the invariants of the Poincaré group. Gauge symmetries define
internal fiber transformations over the Lorentzian spacetime base. Quantum unitary sym-
metry represents time evolution through the physical time appearing in dx4 = ic dt. CPT
symmetry is a theorem of local Lorentz-invariant QFT (Theorem 18.7). Diffeomorphism
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symmetry is the curved-spacetime extension of local Lorentzian structure (Theorem 18.9).
Supersymmetry is a graded extension of Poincaré symmetry (Theorem 18.8). Duality sym-
metries are equivalences between descriptions of invariant structures (Theorem 18.10).

In every case, the symmetry either:

(1) preserves the interval generated by dx4/dt = ic,

(2) represents the group generated by that interval,

(3) extends that group internally or algebraically,

(4) acts over the spacetime base generated by that interval, or

(5) gives dual descriptions of structures descending from that interval.

Therefore all major physical symmetry structures are downstream of the McGucken
Symmetry. Hence, the McGucken Symmetry is the father of all physical symmetries.

The McGucken Symmetry is the father of all physical symmetries because all
other symmetries preserve, represent, extend, or act within the invariant

structure generated by dx4/dt = ic.

28 Standard Result Versus McGucken Status: Postulates of
Standard Physics as Theorems of the McGucken Symme-
try

The McGucken Symmetry does not discard standard physics. It reorganizes it. Every stan-
dard result in foundational physics receives a precise McGucken status under the McGucken
Symmetry.
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Standard result McGucken status

Special relativity Generated by dx4/dt = ic through the Lorentzian inter-
val

Minkowski spacetime The geometric expression of fourth-dimensional light ex-
pansion

Noether conservation laws Consequences of the symmetry group selected by the in-
terval

Quantum unitary evolution Representation of McGucken time translation

Wave/particle duality Fourier duality of canonical conjugates in McGucken
spacetime

Bell nonlocality Global correlation structure compatible with local oper-
ator causality

Mass-energy relation Projection of four-momentum invariant

Thermodynamic arrow Orientation of the +ic branch

Gauge invariance Internal x4-phase invariance over the Lorentzian base

Diffeomorphism covariance Universality of dx4/dt = ic across all events

CPT theorem Geometric statement that full 4D coordinate reversal pre-
serves the McGucken substrate

Einstein field equations Curved-spacetime extension of the Lorentzian structure
generated by dx4/dt = ic

Einstein’s 1905 special relativity postulated the principle of relativity and the constancy
of the speed of light. Minkowski 1908 gave the four-dimensional spacetime interpretation.
The McGucken Symmetry gives the compact generator behind both: the fourth dimension
expands as ic with respect to physical time.

29 Step-by-Step Derivation Diagram: From dx4/dt = ic to
the Seven McGucken Dualities of Physics

The complete proof chain from the McGucken Symmetry to the Seven McGucken Dualities
admits a compact tabular form. Each row is a single derivational step; the cumulative
sequence generates the structural foundation of relativistic quantum physics.

dx4
dt

= ic ⇒ dx4 = ic dt ⇒ dx24 = −c2dt2

⇒ ds2 = dx21 + dx22 + dx23 − c2dt2

⇒ G = ISO(1, 3), H = SO+(1, 3)

⇒ Noether currents, Wigner representations, unitary evolution, mass shell

⇒ Seven McGucken Dualities.
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Step Consequence

dx4/dt = ic Fourth-dimensional light expansion

dx4 = ic dt Time becomes imaginary geometric displace-
ment

dx24 = −c2dt2 Lorentzian signature

ds2 = dx2 − c2dt2 Minkowski interval

Preserve ds2 Poincaré group ISO(1, 3)

Represent Poincaré group Mass, spin, quantum states

Apply Noether’s theorem Conservation laws

Select +ic branch Thermodynamic arrow

Split algebra/geometry Seven McGucken Dualities

The complete structural foundation of relativistic quantum physics — the Lorentzian
metric, the Poincaré group, conserved Noether currents, Wigner particle representations,
the Heisenberg canonical commutator, the mass-shell relation, the thermodynamic arrow,
and the Seven McGucken Dualities — descends in nine derivational steps from the single
physical fact dx4/dt = ic.

30 The Physical Origin of the McGucken Principle: My In-
tuition Made the Mathematics Visible

The McGucken Principle dx4/dt = ic is not the result of a formal-mathematical search
through possible foundational equations. It is the result of my insistence — beginning at
Princeton in the late 1980s and developed across the four decades since — on seeing the
physical meaning of what Minkowski wrote in 1908 as x4 = ict, and visualizing in my
mind the geometric and dynamical content of that equation as a physical fact about the
world. The structural features of the framework cataloged throughout this paper — the
dual-channel content, the McGucken Sphere as universal geometric object, the McGucken
Wick rotation, the Compton coupling, the +ic orientation as the arrow of time, the no-
graviton conclusion, the dimensional accounting with time as scalar measure — all descend
not from formal axiomatization but from my physical intuition about what x4’s expansion
physically implies. This section traces that physical reasoning, because the reason the
framework has the structural reach it does is that I began with physical intuition and
physical models, and only afterward articulated the formal mathematical content as a chain
of theorems descending from the physical principle. The full development is established in
[MG-GrandUnification, §2].
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30.1 The Princeton Origin: Wheeler, Peebles, Taylor, and the Heroic-
Age Tradition

The framework has a specific intellectual genealogy: it descends from the Princeton physics
tradition that runs from Einstein through Wheeler, with Peebles and Taylor as my proximate
teachers. The structural commitments — physical models over formal mathematics, foun-
dational principles over computational machinery, simplicity over complexity, seeing what
the equations describe over manipulating them — are direct inheritances from this tradition.
I did not arrive at dx4/dt = ic through formal manipulation; I arrived at it through three
specific moments at Princeton in my junior year (1988), each of which supplied a piece
of the physical picture, and the synthesis of which forced the geometric conclusion. The
framework’s first formal publication is Appendix B: Physics for Poets — The Law of Moving
Dimensions of my 1998 PhD dissertation at UNC Chapel Hill [MG-Dissertation1998], which
establishes the priority date and contains the foundational identification dx/dt = c that be-
comes dx4/dt = ic in the subsequent Lorentz-covariant articulation [MG-Time2008]. The
structural lineage is therefore: Princeton 1988 (synthesis); UNC 1998 (first formal publica-
tion, Appendix B of dissertation); FQXi 2008 (explicit imaginary-rate form dx4/dt = ic);
2025–2026 trilogy (formal chains of theorems across GR, QM, and thermodynamics).

Peebles 1988: the photon as a spherically-symmetric probability wavefront ex-
panding at c

The first piece came from P. J. E. Peebles, the Nobel-laureate cosmologist whose 1988 Quan-
tum Mechanics textbook galleys I was reading in the Princeton course. I went to Peebles’s
office after class with a question: “So when a photon is emitted from a source, all we can
say is that the photon is represented by a spherically-symmetric wavefront of probability ex-
panding at c?” Peebles’s answer was the standard quantum-mechanical fact, given without
qualification: “Yes. The photon has an equal chance of being detected anywhere defined by
the area of a sphere’s surface, which is expanding at c.” [MG-Time2008]

What I heard in Peebles’s answer was not the standard textbook content but a physical
statement about geometry: the photon is a sphere expanding at c. The wavefront is real;
the spherical symmetry is real; the expansion at c is real. The photon is not a point particle
that happens to have a probability distribution over space; the photon is the spherically-
symmetric expanding wavefront, with the probability of detection at any point on the
sphere’s surface fixed by the sphere’s geometry. This was Channel B — the geometric-
propagation content — heard for the first time as a foundational physical fact about what
photons are.

Wheeler 1988: the photon as stationary in x4

The second piece came from John Archibald Wheeler — Einstein’s late colleague, Feynman’s
teacher, and the last living link to the heroic age of physics — who was my junior-paper
advisor at Princeton. In a separate office conversation in Jadwin Hall, Wheeler described
to me a geometric fact about the photon that is structurally encoded in special relativity
but rarely articulated as a foundational physical statement: the photon is stationary in x4.
The photon’s worldline has zero proper length; the photon never ages; the photon’s interval
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(∆s)2 = 0 is a null vector; the photon’s coordinate x4 does not advance during the photon’s
spatial propagation. The photon is, in a deep geometric sense, not moving in the fourth
dimension even while moving at the speed of light in space [MG-Time2008].

What I heard in Wheeler’s statement was the structural complement to Peebles’s: while
the photon is propagating in space as a spherically-symmetric wavefront expanding at c, the
photon is stationary in the fourth coordinate. The geometric configuration was therefore
explicit: spatial expansion at c, fourth-coordinate stationarity. The two facts are simul-
taneously true; standard relativity supplies the mathematical content; standard quantum
mechanics supplies the wavefront; both are available to anyone who has taken graduate
courses in either subject. What was novel was what the configuration physically implies.

Taylor 1988: entanglement as the characteristic trait of quantum mechanics

The third piece came from Joseph Taylor — the Nobel-laureate radio astronomer whose
1974 binary-pulsar observations had supplied the strongest empirical evidence for general
relativity outside the Solar System — who was my second junior-paper advisor at Princeton.
Taylor put a specific challenge to me in Jadwin Hall: “Schrödinger said that entanglement
is the characteristic trait of QM. Figure out the source of entanglement, and you’ll figure
out the source of the quantum, as nobody really knows what, nor why, nor how ℏ is.” [MG-
Time2008]

What I heard in Taylor’s challenge was a foundational identification: entanglement is the
structurally distinctive content of quantum mechanics, and its source is therefore the source
of the quantum. Schrödinger’s 1935 paper had identified entanglement as the feature of QM
that “enforces its entire departure from classical lines of thought.” Bell’s 1964 inequality
had supplied the experimental test; Aspect’s 1982 experiments had confirmed the violation.
By 1988, the physics community accepted that entanglement was empirically real; what no
one had supplied was a physical model of why two photons separated by macroscopic spatial
distances could yet act as if they were at the same place.

The synthesis: dx4/dt = ic as forced conclusion

My structural insight was the synthesis of these three moments. If the photon is a
spherically-symmetric wavefront expanding at c (Peebles, Channel B), and the photon is
stationary in x4 (Wheeler), then x4 itself must be expanding at rate c relative to the three
spatial dimensions, in a spherically-symmetric manner. There is no other geometric config-
uration consistent with both facts: a photon that is spatially expanding at c but temporally
stationary in x4 requires that x4 itself is the moving frame, advancing at c so as to keep
the photon stationary in its own coordinate.

This identification is the McGucken Principle dx4/dt = ic. And it immediately forced
the resolution of Taylor’s challenge: entanglement is what x4’s expansion physically does to
two-photon correlations. Two photons emitted from a common source remain at the same
place in x4 — they were together in x4 at emission, and x4’s spherical-expansion mechanism
distributes their spatial locations outward without separating them in x4 — and therefore
retain a non-local quantum correlation that is unaffected by their spatial separation. En-
tanglement is the geometric content of x4’s dimensional non-locality, just as the photon’s
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spherical-expansion-at-c is the geometric content of x4’s dimensional propagation. The same
principle dx4/dt = ic supplies both [MG-Time2008].

The Princeton origin of the framework is therefore not a biographical curiosity but
a structural fact about its content. The three foundational physical pieces — Peebles’s
expanding-photon-wavefront (Channel B at the photon level), Wheeler’s photon-stationary-
in-x4 (the geometric configuration), Taylor’s entanglement-as-source-of-quantum (the em-
pirical content requiring physical-model resolution) — are the three pieces from which
dx4/dt = ic is structurally forced. Anyone in possession of all three pieces, who insists
on physical-model honesty rather than mathematical formalism alone, will arrive at the
same equation.

30.2 The 1998 Dissertation: First Formal Articulation in Appendix B

My framework’s first formal publication is Appendix B: Physics for Poets — The Law of
Moving Dimensions of my 1998 PhD dissertation at the University of North Carolina at
Chapel Hill [MG-Dissertation1998]. The dissertation’s principal subject was a microelec-
tronic artificial retina (MARC) for retinal-degeneration patients — work that combined
CMOS phototransistor design, RF telemetry, electrode-array fabrication, and the develop-
ment of an enhanced holed-emitter phototransistor (HEP) at NCSU and UNC under my
advisors Wentai Liu and Washburn, with the bioengineering side of the program developed
in collaboration with Mark Humayun, Eugene de Juan, and others at Johns Hopkins. The
technical body of the dissertation was published-engineering work; Appendix B was the
philosophically-and-physically-foundational outgrowth of the Princeton work in my junior
year, formalized for the dissertation as my articulation of the deeper physical principle
underlying the framework’s relativistic-and-quantum content.

The 1998 Appendix B contains the explicit identification that would become dx4/dt = ic.
The Appendix opens by stating Einstein’s two postulates of relativity and proposing that
they may be expressed in an alternative manner, by stating the law of moving dimensions:

I. The time dimension is moving or expanding relative to the three spatial di-
mensions. [MG-Dissertation1998, App. B, p. 153]

The Appendix then supplies a proof of the law of moving dimensions descending from
Einstein’s second postulate (the constancy of the velocity of light). Beginning with the
standard relativistic null condition

∑
j x

2
j − c2t2 = 0 (j = 1, 2, 3), the Appendix shows

that this is equivalent to
∑

j x
2
j = c2t2, which for one dimension reduces to x2 = c2t2

and therefore to x = ct. The differential of this equation is dx/dt = c: the rate of one
dimension’s expansion relative to the others is exactly the velocity of light. The 1998
Appendix B states the real-valued form of this rate (with x being the moving time-dimension
coordinate); the imaginary unit i — which makes the rate a Lorentz-invariant Minkowski-
signature statement and identifies the moving coordinate as x4 rather than as a real fourth
axis — I supplied through the framework’s subsequent formalization, with Einstein’s 1912
manuscript identification x4 = ict [Einstein1912] providing the structural connection. My
2008 FQXi essay [MG-Time2008] makes this explicit: dx4/dt = ic is the differential of
Einstein’s 1912 x4 = ict, with the dynamical content that Einstein left implicit made
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explicit, and the imaginary-rate form is the Lorentz-covariant generalization of the dx/dt = c
form articulated in the 1998 dissertation.

The 1998 Appendix B already articulates many of the structural features that the 2026
trilogy systematically develops: wave-particle duality as a consequence of the relative motion
between dimensions; the law of increasing entropy as a consequence of x4’s spherically-
isotropic expansion; time dilation as rotation into the time dimension; length contraction
as probability rotation into the time dimension; the photon as matter fully rotated into the
time dimension with E = mc2 as a direct consequence; and the closing dictum: “As physics
concerns itself at all levels with changes relative to both space and time, it makes sense that
all physics, time, motion, reality, life, and consciousness itself are founded upon a stage
which is endowed with intrinsic motion. The underlying fabric of all reality, the dimensions
themselves, are moving relative to one another.” [MG-Dissertation1998, App. B, p. 156]

The 1998 dissertation Appendix B therefore establishes the priority date of the McGucken
framework as 1998, with the foundational physical insight published as a formal appendix to
a UNC PhD dissertation. My 2008 FQXi essays [MG-Time2008; MG-WhatIsPossible2008]
develop and extend the 1998 articulation, explicitly tracing the framework’s intellectual
genealogy back to my 1988 Princeton conversations with Wheeler, Peebles, and Taylor, and
articulating the imaginary-rate Lorentz-covariant form dx4/dt = ic. The 2025–2026 tril-
ogy [MG-GRChain; MG-QMChain; MG-ThermoChain] develops the framework into formal
chains of theorems across all three sectors of foundational physics. Twenty-eight years sep-
arate the 1998 Appendix B from the present synthesis; the structural content of the frame-
work has been visible to me from the beginning, and the four-decade development has been
a matter of articulating with increasing technical formality what the principle physically
does.

30.3 Wheeler’s Commission: The Time Part of the Schwarzschild Metric

Wheeler’s specific commission to me was the original empirical test of the framework’s
reach. Wheeler had written, in his recommendation for my graduate-school admission: “I
gave him as an independent task to figure out the time factor in the standard Schwarzschild
expression around a spherically-symmetric center of attraction. I gave him the proofs of my
new general-audience, calculus-free book on general relativity, A Journey Into Gravity and
Space Time. There the space part of the Schwarzschild geometric is worked out by purely
geometric methods. ‘Can you, by poor-man’s reasoning, derive what I never have, the time
part?’ He could and did, and wrote it all up in a beautifully clear account.” [MG-Time2008]

The “poor-man’s reasoning” derivation was the first concrete demonstration of the
framework’s structural reach. Wheeler had derived the spatial part of the Schwarzschild
metric by geometric construction in his book; the time part — the gravitational-time-
dilation factor

√
1 − 2GM/rc2 — had been derived in the standard literature only through

the formal field-equation machinery. My task was to derive the time part by the same
poor-man’s geometric reasoning, without invoking the field equations. The fact that this
was possible — that the time part of the Schwarzschild metric descends, by elementary
geometric reasoning, from a physical principle simpler than the field equations themselves
— was the first hint that the framework’s reach extended beyond a single calculation into
the full content of general relativity.
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This was the structural commitment Wheeler trained into me: if a result of founda-
tional physics cannot be derived by elementary geometric reasoning from a physical prin-
ciple, then either the principle is wrong or the result has not been understood yet. The
trilogy [MG-GRChain; MG-QMChain; MG-ThermoChain] is the four-decade fulfillment of
that commitment.

30.4 The Heroic-Age Tradition: Physical Models Over Mathematical
Formalism

Wheeler’s own description of the contemporary state of physics — his concern about “ino-
itus” (the proliferation of small-particle phenomenology and computational machinery with-
out foundational physical insight), his lament that “today’s world lacks the noble” — sup-
plies the rhetorical and structural frame within which I position the framework. The frame-
work is explicitly an attempt to return foundational physics to the heroic-age tradition of
Galileo, Newton, Faraday, Maxwell, Planck, Einstein, Bohr, Schrödinger, and Wheeler: the
tradition in which a physical principle is seen before it is formalized, in which mathemat-
ics is the expression of physical content rather than its source, and in which the test of a
foundational theory is whether it answers the question why? rather than whether it can be
tuned to fit a numerical observation [MG-WhatIsPossible2008].

The contemporary state of foundational physics — string theory’s ten-dimensional vac-
uum landscape, Loop Quantum Gravity’s spin-network discreteness, Many-Worlds’ branch-
ing universes, QBism’s epistemic reformulation — represents a substantial departure from
this tradition. The Nobel-laureate criticisms (Glashow’s “thousands waste 20 years”; ’t Hooft’s
“not even a ‘theory’ rather a ‘model’ or not even that: just a hunch”; Laughlin’s “50 year
old woman wearing too much lipstick”; Feynman’s “string theorists don’t make predictions,
they make excuses”) reflect the structural fact that these programs have proceeded by
mathematical formalism without physical-model honesty [MG-WhatIsPossible2008]. Ein-
stein 1908 had warned: “It is anomalous to replace the four-dimensional continuum by a
five-dimensional one and then subsequently to tie up artificially one of those five dimen-
sions in order to account for the fact that it does not manifest itself.” The warning applies
a fortiori to the ten- and eleven-dimensional extensions of subsequent decades.

The framework explicitly resists this tradition. Its single foundational equation dx4/dt =
ic has no tunable parameters, no compactified extra dimensions, no postulated supersym-
metry partners, no multiverse landscape, no postulated branchings. The equation is what
Einstein 1934 demanded: an elementary foundation that supplies the physical model from
which the empirical content of relativity, quantum mechanics, and thermodynamics de-
scend. My commitment is not novelty but fidelity — fidelity to the heroic-age tradition
that Wheeler embodied, that he commissioned in my junior year, and that the trilogy
fulfills four decades later.

30.5 The Three Logically-Simple Proofs of the Principle

The Princeton synthesis admits three logically-simple proof sketches that capture the struc-
tural content of the framework at its tightest [MG-WhatIsPossible2008].

MDT Proof 1 (the Peebles-Wheeler synthesis). Relativity tells us that a timeless,
ageless photon remains in one place in the fourth dimension. Quantum mechanics tells us
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that a photon propagates as a spherically-symmetric expanding wavefront at the velocity
of c. Ergo, the fourth dimension must be expanding relative to the three spatial dimensions
at the rate of c, in a spherically-symmetric manner. The expansion of the fourth dimension
is the source of nonlocality, entanglement, time and all its arrows and asymmetries, c,
relativity, entropy, free will, and all motion, change, and measurement, for no measurement
can be made without change. For the first time in the history of relativity, change has been
wedded to the fundamental fabric of spacetime in the McGucken framework.

MDT Proof 2 (the Einstein-Minkowski synthesis). Einstein 1912 [Einstein1912]
and Minkowski 1908 [Minkowski1908] wrote x4 = ict. Ergo dx4/dt = ic. The McGucken
Principle is the differential of Einstein’s 1912 manuscript equation, with the dynamical
content that Einstein left implicit made explicit.

MDT Proof 3 (the absolute-rest synthesis). The only way to stay stationary in
the three spatial dimensions is to move at c through the fourth dimension. The only way to
stay stationary in the fourth dimension is to move at c through the three spatial dimensions.
Ergo the fourth dimension is moving at c relative to the three spatial dimensions. This is
the structural source of the four-fold ontology that the framework supports: (i) absolute
rest in the spatial three-slice (massive particle at spatial rest, full motion budget directed
into x4-advance); (ii) absolute rest in x4 (photon at |v| = c, dx4/dτ = 0 on null worldline,
riding the wavefront); (iii) absolute motion (x4 expansion at ic from every event); (iv) the
cosmic microwave background frame (isotropic cosmological x4-expansion).

The three proofs supply the framework’s structural skeleton. Each proof can be written
in fewer than fifty words. Each proof requires only undergraduate-level relativity and quan-
tum mechanics. Each proof produces dx4/dt = ic as its forced conclusion. The Princeton
origin of the framework is that all three proofs were available to me by my junior year,
and the synthesis of them — the recognition that they are not three separate observations
but three readings of the same underlying physical principle — is the structural insight that
began the four-decade development of the framework.

30.6 Seeing the Expanding Sphere

The first physical insight was the visualization of the McGucken Sphere. From every space-
time event, x4 advances at rate c in a spherically symmetric manner. I visualized this as
an expanding sphere: at each event, a sphere of radius R(t) = ct emanates outward at the
speed of light, and every point of that sphere is itself the source of a new sphere by Huy-
gens’ Principle. The universe, in my mental model, is not a static four-dimensional block
but a dynamic configuration of expanding spheres, with every event continuously generat-
ing new geometric content as x4 advances. The McGucken Sphere is not a mathematical
abstraction; it is what I saw when I asked myself what dx4/dt = ic physically does.

This visualization carried immediate consequences. I realized that the spherical expan-
sion is what generates the wave equation: the unique linear partial differential equation
satisfied by all spherically-symmetric wavefronts of speed c is the three-dimensional wave
equation (1/c2)∂2ψ/∂t2−∇2ψ = 0. The wave equation is therefore not a phenomenological
starting point of physics but the mathematical statement of x4’s spherical expansion. Once
I saw the sphere, I saw the wave equation.
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30.7 Reasoning Physically About Entropy and Thermodynamics

I next asked: how would x4’s expansion at rate ic physically affect particles and photons?
The answer became visible through physical reasoning. A particle coupled to x4 (through
what would later become formalized as the Compton coupling) would inherit a spatial-
projection isotropy: at every instant, the particle’s x4-driven spatial displacement would
have equal probability of pointing in any direction in space, because the McGucken Sphere
has no preferred spatial direction. Iterated over many small intervals, this produces a
spherical isotropic random walk — Brownian motion — independent of any thermal bath.
I saw that entropy increase is what x4’s expansion physically does to ensembles of matter :
as x4 advances, particles spread out in space in spherical isotropic random walks, and the
Boltzmann-Gibbs entropy of the ensemble strictly increases.

The Second Law of Thermodynamics, in my physical picture, is therefore not a separate
empirical postulate added to mechanics but a direct consequence of x4’s +ic advance. The
arrow of time is the geometric content of the +ic orientation: x4 advances in the +ic
direction, not the −ic direction, and the strict monotonicity dS/dt > 0 is the spatial-
projection of that geometric monotonicity. Loschmidt’s 1876 reversibility objection to the
H-theorem dissolves in this picture: the time-symmetric microscopic dynamics descend from
Channel A while the time-asymmetric Second Law descends from Channel B, and the +ic
orientation of x4’s advance is the structural reason the two channels do not contradict. I
saw the resolution of Loschmidt’s objection before I formalized it.

The same physical reasoning extended to photon entropy. I visualized photons riding
the McGucken Sphere outward at the speed of light, with the Sphere’s surface area growing
as A(t) = 4πR2(t) = 4π(ct)2. The photon-entropy rate dS/dt = 2kB/t > 0 follows di-
rectly from the geometric monotonicity of the Sphere’s surface-area expansion. The Sphere
does not contract; the photon ensemble does not contract; entropy strictly increases. The
Bekenstein-Hawking black-hole entropy area law SBH = kBA/(4ℓ

2
P ) extends the same physi-

cal picture to horizons: the horizon is x4-stationary (its x4-advance rate is zero, because the
horizon is where light cannot escape), and the entropy is counted by x4-stationary modes
per unit area at the Planck scale.

30.8 Reasoning Physically About Length Contraction, Time Dilation,
and Relativistic Inheritance

I next asked: what does it mean physically for an object to be “rotated into” the fourth
dimension? The answer came through physical reasoning about what relativistic length
contraction is. In special relativity, an object moving at velocity v in the spatial direction
experiences length contraction by the factor

√
1 − v2/c2. I realized that this length contrac-

tion is not a separate empirical fact but a direct geometric consequence of dx4/dt = ic: as
the object’s spatial velocity grows, its four-velocity budget |dx4/dτ |2 + |dx/dτ |2 = c2 shifts
from x4-advance to spatial motion, and the object’s spatial extent — projected from its
instantaneous orientation in (x1, x2, x3, x4) onto the spatial three-slice — contracts. Length
contraction is what velocity physically does in the McGucken framework : rotating the ob-
ject’s worldline into the spatial direction reduces its x4-projection and contracts its spatial
projection.

The corresponding insight for time dilation followed immediately. Time dilation is not
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a separate phenomenon but the same rotation viewed from the t-side: the object’s proper
time τ is the rate of its x4-advance, and as the object’s spatial velocity grows, its x4-advance
rate (and therefore its proper-time rate) decreases. I saw both length contraction and time
dilation as projections of the same geometric fact: the four-velocity has fixed magnitude c,
distributed between x4 and three-space according to the object’s instantaneous orientation
in spacetime.

A further consequence followed by physical reasoning. I realized that an object rotated
into the fourth dimension inherits the motion of that dimension: since x4 is itself moving
(advancing at rate c), an object whose worldline is partly oriented along x4 will partly
inherit x4’s motion. The magnitude of this inheritance is exactly the relativistic four-
velocity budget: an object at rest in space has its full four-velocity budget oriented along
x4 (it is “fully riding” x4’s advance at rate c), while an object moving at speed approaching
c in space has nearly zero x4-advance (it has “fully exchanged” x4-inheritance for spatial
motion). Photons, which travel at exactly c in space, have zero x4-advance — they are
stationary in x4 even while moving at c in space.

30.9 The Photon’s Paradox: Stationary in x4 While Moving at c

I saw that the photon experiences no proper time and no proper distance. From the photon’s
reference frame (in the limit of v → c), all spatial distances contract to zero and all proper-
time intervals shrink to zero. The photon, in a deep physical sense, does not move even
while traveling at the speed of light: the photon’s worldline has zero proper length, and the
photon never ages, never experiences emission and absorption as separate events, and never
experiences a journey from source to detector as having any duration or distance. This is a
standard fact of special relativity, but its physical meaning is rarely articulated.

I articulated it. The photon’s “non-motion” while moving at c in space is the direct
consequence of the four-velocity budget |dx4/dτ |2 + |dx/dτ |2 = c2: the photon has its
full four-velocity budget on the spatial side, leaving zero for x4. The photon is therefore
absolutely at rest in x4, even while moving at the speed of light in space. Its emission and
absorption events are connected by a null worldline of zero proper length, and from the
photon’s own perspective, those events are at the same place.

This insight had a remarkable consequence. I realized that two photons traveling in op-
posite spatial directions — emitted from a common source, reaching detectors at opposite
ends of a spatial separation — are nonetheless both at rest in x4. They are both riding the
same McGucken Sphere expansion outward from the source event, and from each photon’s
own reference frame, the source event and its detection event are at the same place. In a
deep physical sense, the two photons are at the same place even while spatially separated.
This is the structural source of quantum nonlocality and entanglement in the McGucken
framework: the two-photon system’s quantum correlation, observed empirically through
Bell-violation experiments, is not a mysterious “spooky action at a distance” but the geo-
metric consequence of the photons’ shared stationarity in x4. The McGucken Sphere from
the emission event carries both photons outward, and their correlation is preserved because
they share the same x4-frame: stationary, at the wavefront, with all spatial separation a
projection of the McGucken Sphere’s expansion.

I saw quantum nonlocality and entanglement as physical facts about x4-stationary pho-
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tons before I formalized them mathematically. The mathematical formalization in [MG-
Nonlocality] and the Bell-violation derivations in [MG-NonlocCopen] articulate the formal
content; the physical insight is the visualization of two photons sharing the same x4-frame.

30.10 Unfreezing the Block Universe

The standard textbook picture of special and general relativity is the block universe: a
static four-dimensional Lorentzian manifold in which all events past, present, and future
already exist as fixed geometric content. The block universe is the natural conclusion if one
reads x4 = ict as a notational coordinate identification x4 ↔ t, with the imaginary unit i
treated as a bookkeeping factor. In the block-universe picture, time does not flow; events
are arranged geometrically along the t-axis but the universe itself is static.

I recognized that the block universe could not be right. Empirical reality is not static:
time flows, events become past, the future has not yet happened, and entropy strictly
increases as t advances. The block universe is structurally incompatible with the observed
irreversibility of macroscopic physics, with the empirical fact that the present moment has
a privileged status (the universe at t = now is “more real” than the universe at t = future),
and with the observed dynamical character of consciousness, memory, and causation. The
block universe needed to be unfrozen to match reality.

My unfreezing was not a metaphysical reinterpretation but a structural correction: dif-
ferentiate Minkowski’s equation x4 = ict with respect to t. The result is dx4/dt = ic — the
McGucken Principle. The principle states that x4 is not a static coordinate but a dynamic
axis advancing at rate ic. The block universe, when its fourth coordinate is recognized as
dynamic, becomes the McGucken framework: a four-dimensional spacetime in which x4 is
continuously advancing, generating new geometric content at every event, and carrying the
+ic orientation that supplies the arrow of time. The unfreezing is geometric: the block
does not become metaphysically dynamic; it becomes geometrically dynamic, with one of
its four coordinates advancing at the universal invariant rate.

This unfreezing is what makes the framework empirically adequate where the block
universe is not. The Second Law of Thermodynamics now has a structural source (the
+ic orientation of x4’s advance). The arrow of time has a structural source (the geometric
monotonicity of x4’s expansion). The dynamical character of physical evolution has a
structural source (x4’s continuous advance generates new spacetime content at every event).
The block universe is unfrozen by recognizing that one of its coordinates is dynamic, and
the McGucken Principle is the formal expression of that recognition.

30.11 The Photon’s Compton Oscillation: Quantum Mechanics from x4

The final piece of physical reasoning concerned quantum mechanics. I asked: if the photon
is at rest in x4, what is it doing as it rides the McGucken Sphere outward at speed c? The
answer became visible: the photon is oscillating. A photon of frequency ω has phase factor
e−iωt, which under the identification x4 = ict becomes e−ωx4/c. The photon’s quantum-
mechanical content — its wave-amplitude phase — is therefore an oscillation along x4, with
the photon stationary in x4 but oscillating at frequency ω in its phase content.

This insight extended to massive matter through the Compton frequency. Every massive
particle has a natural rest-frame oscillation rate ωC = mc2/ℏ. I saw this Compton frequency
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as the natural connection between matter and x4’s expansion: each Compton oscillation
is one cycle of the particle’s quantum phase as it advances along x4. The Schrödinger
equation iℏ∂ψ/∂t = Ĥψ, the de Broglie relation p = h/λ, the canonical commutation rela-
tion [q̂, p̂] = iℏ — all of these structural features of quantum mechanics descend from x4’s
Compton-frequency advance. The quantum-mechanical formalism is therefore not a sepa-
rate framework added to relativity but the natural mathematical content of x4’s oscillatory
advance at the Planck-period scale.

I saw this physically before I formalized it. The expanding McGucken Sphere carries
oscillating quantum phases — the photon’s phase along x4, the massive particle’s Compton-
frequency phase along x4 — and the Schrödinger equation is the differential statement of
how those phases evolve. Quantum mechanics, in my mental model, is what x4’s expansion
looks like at the Planck-period scale, just as relativity is what x4’s expansion looks like
at macroscopic scales and thermodynamics is what x4’s expansion looks like at statistical
scales.

30.12 Physical Intuition Preceded Formal Mathematics

The structural reach of the McGucken framework — derivations of the Einstein field equa-
tions, the Schrödinger equation, the Dirac equation, the canonical commutation relation,
the Born rule, the Feynman path integral, the Bekenstein-Hawking entropy, the Hawk-
ing temperature, the Second Law, the dissolution of the Past Hypothesis, the no-graviton
conclusion, the cosmological-holography signature — I did not anticipate at the moment I
first wrote down dx4/dt = ic. The reach was discovered theorem-by-theorem over the four
decades following the initial physical insight. But the physical content of every theorem
— what the theorem says about the world, why it is forced by x4’s expansion, what phys-
ical picture it instantiates — was visible to me from the beginning, because the principle
dx4/dt = ic carries its physical meaning on its face.

This is the structural reason the framework succeeds where prior foundational pro-
grams failed. Prior programs in the gravitational sector (string theory, Loop Quantum
Gravity, causal-set theory) and in the quantum-mechanical sector (Bohmian mechanics,
Many-Worlds, GRW, QBism) began with formal-mathematical structures and asked: what
physics descends from this formal structure? I began with a physical principle — visualized
as the expanding McGucken Sphere — and asked: what mathematical structure formalizes
this physics? The order of operations matters. Formal-mathematical exploration without
physical guidance can produce structures (like the ten-dimensional supersymmetric string-
theoretic vacuum) whose empirical content is unclear. Physical intuition without formal
articulation can produce vague pictures (like the “fluid of spacetime” or the “quantum
foam”) whose empirical predictions are unspecified. My framework is the synthesis: phys-
ical intuition that began with x4’s expansion as the foundational physical fact, followed
by formal-mathematical articulation that produced the chains of theorems documented in
[MG-GRChain], [MG-QMChain], and [MG-ThermoChain].

The framework’s structural features — the dual-channel content, the McGucken Sphere,
the McGucken Wick rotation, the Compton coupling, the +ic orientation, the dimensional
accounting with time as scalar measure, the master equation triad, and the rest — all
descend from my original physical insight that dx4/dt = ic means something physically,

110



and that working out what it means generates physics as theorems. The mathematics is the
formal expression; the physics is the source. My discovery was not a mathematical discovery
about an abstract equation but a physical discovery about what the equation describes: a
four-dimensional spacetime in which x4 is dynamically advancing at rate ic, generating
wavefronts, irreversibility, length contraction, time dilation, photon stationarity, quantum
nonlocality, the unfreezing of the block universe, and the Compton-frequency oscillation
that becomes quantum mechanics.

I insisted on seeing what dx4/dt = ic does. The seeing came first; the theorems
followed.

31 Conclusion

This paper has established the McGucken Symmetry dx4/dt = ic as the physical fact and
principle that completes Klein’s 1872 Erlangen Programme. Klein taught that a geometry
is determined by its transformation group. Noether taught that continuous symmetries
generate conservation laws. Wigner taught that relativistic quantum states are represen-
tations of the Poincaré group. Cartan and Ehresmann taught that fields and connections
are geometry. Chern and Atiyah-Singer taught that local differential operators and global
topology are joined by invariant structure. Yet none of those frameworks alone states why
physical spacetime has Lorentzian signature, why the invariant speed is c, why time carries
orientation, why quantum amplitudes carry complex phase, why mass and energy obey a
four-momentum shell, or why the same seven dual descriptions recur across physics. The
McGucken Symmetry states the missing physical generator:

dx4
dt

= ic.

From this, the Lorentzian metric follows. From the Lorentzian metric, the Poincaré group
follows. From the Poincaré group, the relativistic conservation laws, mass-shell relation,
and quantum representation theory follow. From the +ic branch, the thermodynamic arrow
follows. From the algebra/geometric structure of the resulting Kleinian physics, the Seven
McGucken Dualities follow. The Seven McGucken Dualities are seven theorems of one
algebra-geometry correspondence.

The principal results of the paper are:

(1) Foundational lemmas (Section 4). The McGucken Symmetry generates the
Lorentzian metric (Lemma 4.1); the Lorentzian metric selects the Poincaré group
ISO(1, 3) (Lemma 4.2); the McGucken Symmetry defines the Kleinian geometry

(
ISO(1, 3), SO+(1, 3)

)
(Lemma 4.3). Stone’s theorem produces the Hamiltonian generator (Lemma 4.4).
Noether’s theorem produces conservation laws (Lemma 4.5). Wigner’s theorem pro-
duces particle representations (Lemma 4.6).

(2) The Principal Theorem (Section 5). The McGucken Symmetry generates the
Seven McGucken Dualities — Hamiltonian/Lagrangian, Noether/Second-Law, Heisen-
berg/Schrödinger, wave/particle, locality/nonlocality, mass/energy, time/space — as
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the seven algebra-geometric bifurcations of the McGucken-Kleinian structure (Theo-
rem 5.1).

(3) Completeness, uniqueness, closure (Section 15–Section 17). The Seven McGucken
Dualities exhaust the catalog of fundamental algebra-geometric bifurcations of

(
ISO(1, 3), SO+(1, 3)

)
.

The McGucken Symmetry is the unique minimal physical principle satisfying all foun-
dational requirements. No eighth fundamental duality exists.

(4) Father-symmetry status (Section 18, Section 27.4). The McGucken Symme-
try is the father symmetry of physics: Lorentz, Poincaré, Noether, gauge, quantum
unitary, CPT , supersymmetry, diffeomorphism, and the standard string-theoretic du-
alities all preserve, represent, extend, or act within the invariant structure generated
by dx4/dt = ic.

(5) Origin of symmetry (Section 25, Section 27.3). Symmetry is the formal ex-
pression of physical invariance. The deepest preserved fact is the physical expansion
of the fourth dimension at the velocity of light c, and every symmetry of physics is
the symmetry of that physical fact.

(6) Physical underpinning (Section 24). The McGucken Symmetry is the unique
foundation of physics that begins with a single physical fact about the world and
derives the complete mathematical structure of relativistic quantum physics from it.

(7) The McGucken Dark Sector (Section 20). The McGucken expansion field f(t,x)
bifurcates into a homogeneous mode f̄(t), which is the dark energy of the observed
universe, and an inhomogeneous cold-clustering mode δf(t,x), which is the dark mat-
ter — two phases of one fourth-dimensional expansion reservoir. The drift acceleration
a4 = cH0

√
Ωdark/2π ≈ 1.0×10−10 m s−2 matches the empirical MOND/RAR galactic

acceleration scale.

(8) Lagrangian uniqueness (Section 19). The McGucken Lagrangian LMcG = Lkin +
LDirac + LYM + LEH is the simplest and most complete Lagrangian in the history of
physics, and the only Lagrangian descending from a physical principle. It is unique
under three independent notions of optimality and complete under three independent
notions of completeness; only LMcG generates all seven McGucken dualities as parallel
sibling consequences.

(9) Empirical predictions (Section 21). The McGucken Symmetry makes sharp
testable predictions: no magnetic monopoles, no graviton, exact photon massless-
ness, CMB rest frame as preferred, dark-sector bifurcation, Compton-frequency resid-
ual diffusion, the MOND-scale galactic acceleration, and the cosmological holography
signature.

The McGucken Symmetry supplies the foundation beneath the central forms of modern
physics. It is the compact law from which spacetime, symmetry, quantum evolution, mass-
energy, thermodynamic direction, and the algebra-geometry duality of physical description
proceed.
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The simple, beautiful idea behind it all is dx4/dt = ic. Physics is unified at the foun-
dational level by one symmetry, and the field’s open problems dissolve as structural conse-
quences of the unification.
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[Ehresmann1950]
C. Ehresmann, “Les connexions infinitésimales dans un espace fibré différentiable,”
Colloque de topologie, Bruxelles, 1950.

[Ostrogradsky1850]
M. Ostrogradsky, “Mémoires sur les équations différentielles relatives aux problèmes des
isopérimètres,” Mémoires de l’Académie Impériale des Sciences de Saint-Pétersbourg
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B. McGucken Corpus References

[MG-Dissertation1998]
E. McGucken, A Multiple Unit Artificial Retina Chipset System to Aid the Visually Im-
paired and Enhanced CMOS Phototransistors, Ph.D. dissertation, University of North
Carolina at Chapel Hill, Department of Physics and Astronomy, 1998. UMI/ProQuest
Dissertation 9840958. NSF-funded; Fight for Sight grant; Merrill Lynch Innovations
Award. The framework’s first formal publication. Appendix B of the dissertation,
titled Physics for Poets — The Law of Moving Dimensions (pp. 153–156), contains
the foundational identification dx/dt = c (the precursor of dx4/dt = ic in the frame-
work’s subsequent Lorentz-covariant articulation), together with the early articulations
of wave-particle duality, the law of increasing entropy, time dilation as rotation into the
time dimension, length contraction as probability rotation into the time dimension, the
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photon as matter fully rotated into the time dimension with E = mc2 as a direct con-
sequence, and the closing dictum: “As physics concerns itself at all levels with changes
relative to both space and time, it makes sense that all physics, time, motion, reality,
life, and consciousness itself are founded upon a stage which is endowed with intrinsic
motion. The underlying fabric of all reality, the dimensions themselves, are moving
relative to one another” (App. B, p. 156). The dissertation’s principal subject was a
microelectronic artificial retina (MARC) for retinal-degeneration patients, combining
CMOS phototransistor design, RF telemetry, electrode-array fabrication, and the de-
velopment of an enhanced holed-emitter phototransistor (HEP) at NCSU and UNC,
with the bioengineering side developed in collaboration with Mark Humayun, Eugene
de Juan, and others at Johns Hopkins. The 1998 dissertation establishes the priority
date of the McGucken framework as 1998. Available through ProQuest Dissertations
& Theses Global.

[MG-Time2008]
E. McGucken, “Time as an Emergent Phenomenon: Traveling Back to the Heroic Age
of Physics. In Memory of John Archibald Wheeler,” Foundational Questions Insti-
tute (FQXi) Essay Contest, 2008. https://fqxi.org/community/forum/topic/238

The 2008 FQXi essay establishing the early formal articulation of the imaginary-rate
Lorentz-covariant form dx4/dt = ic as the differential of Einstein’s 1912 manuscript
identification x4 = ict, the Princeton biographical-intellectual lineage (Wheeler, Pee-
bles, Taylor), and Wheeler’s commission to derive the time part of the Schwarzschild
metric by poor-man’s geometric reasoning. Traces the framework’s intellectual ge-
nealogy back to the 1988 Princeton conversations with Wheeler, Peebles, and Taylor:
Peebles’s identification of the photon as a spherically-symmetric probability wavefront
expanding at c (the geometric-propagation Channel B at the photon level); Wheeler’s
identification of the photon as stationary in x4 (the geometric configuration); Taylor’s
challenge to identify the source of entanglement as the source of the quantum (the
empirical content requiring physical-model resolution). Establishes the synthesis: if
the photon is a spherically-symmetric wavefront expanding at c and stationary in x4,
then x4 itself must be expanding at rate c relative to the three spatial dimensions in
a spherically-symmetric manner, and entanglement is what x4’s expansion physically
does to two-photon correlations.

[MG-WhatIsPossible2008]
E. McGucken, “What is Ultimately Possible in Physics? Physics! A Hero’s Jour-
ney with Galileo, Newton, Faraday, Maxwell, Planck, Einstein, Schrödinger, Bohr,
and the Greats towards Moving Dimensions Theory,” Foundational Questions Insti-
tute (FQXi) Essay Contest, 2008. https://fqxi.org/community/forum/topic/270

The companion FQXi essay developing the heroic-age tradition of foundational physics
— physical models over mathematical formalism, foundational principles over compu-
tational machinery, simplicity over complexity, seeing what the equations describe over
manipulating them — and locating the framework within that tradition. The essay
catalogs Wheeler’s concern about “ino-itus,” the Nobel-laureate criticisms of contempo-
rary string theory and Loop Quantum Gravity programs, and Einstein’s 1908 warning
against unmotivated extra dimensions. Develops the three logically-simple proofs of
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the McGucken Principle: the Peebles-Wheeler synthesis, the Einstein-Minkowski syn-
thesis, and the absolute-rest synthesis, each of which can be written in fewer than fifty
words and each of which produces dx4/dt = ic as its forced conclusion.

[MG-Nonlocality]
E. McGucken, The McGucken Nonlocality Principle: All Quantum Nonlocality Begins
in Locality, and All Double Slit, Entanglement, Quantum Eraser, and Delayed Choice
Experiments Exist in McGucken Spheres, April 17, 2026. https://elliotmcguckenphysics.
com/2026/04/17/the-mcgucken-nonlocality-principle-all-quantum-nonlocality-begins-in-locality-and-all-double-slit-quantum-eraser-and-delayed-choice-experiments-exist-in-mcgucken-spheres/

The companion paper formalizing quantum nonlocality as the geometric content of
x4-shared stationarity: two photons emitted from a common source share the same
x4-frame, and from each photon’s reference frame the source event and detection event
are at the same place. Bell-inequality violations are x4-mediated correlations rather
than faster-than-light spatial signaling. The Tsirelson bound |⟨CHSH⟩| ≤ 2

√
2 is

the maximum quantum violation; the 2015 loophole-free Bell tests confirm violations
approaching this bound; the McGucken framework supplies the geometric source. De-
velops the McGucken Nonlocality Principle: all quantum nonlocality begins in locality
at the source event, with the apparent nonlocal correlation being the three-dimensional
shadow of the four-dimensional x4-coincidence between photon worldlines. Double-slit,
entanglement, quantum-eraser, and delayed-choice experiments are all geometrically
realized as McGucken Sphere structures: the wavefunction’s spherically-symmetric ex-
pansion produces interference, entanglement, and the apparent retrocausality of the
delayed-choice setup as the operational consequences of x4’s expansion.

[MG-NonlocCopen]
E. McGucken, Quantum Nonlocality and Probability from the McGucken Principle of
a Fourth Expanding Dimension: How dx4/dt = ic Provides the Physical Mechanism
Underlying the Copenhagen Interpretation as well as Relativity, Entropy, Cosmology,
and the Constants of Nature, April 16, 2026. https://elliotmcguckenphysics.com/
2026/04/16/quantum-nonlocality-and-probability-from-the-mcgucken-principle-of-a-fourth-expanding-dimension-how-dx4-dt-ic-provides-the-physical-mechanism-underlying-the-copenhagen-interpr/

The companion paper providing the Bell-violation derivations and the Copenhagen-
measurement structural reading. The standard Copenhagen “wavefunction collapse”
is the operational fact that 3D measurement devices intersect the four-dimensional
wavefunction at a finite spatial-temporal locus, recovering localized information from
the extended structure. The Born rule supplies the probability density; the structural
reading dissolves the classical-quantum boundary by locating it in the dimensional
structure rather than in the measurement apparatus. Develops the McGucken Princi-
ple as the physical mechanism underlying not only quantum nonlocality but the full
operational content of the Copenhagen interpretation, and extends the structural read-
ing to the constants of nature, the cosmological parameters, and the entropy increase
across all three sectors of foundational physics.

[MG-Kleinian]
E. McGucken, The McGucken Principle as the Unique Physical Kleinian Foundation:
How dx4/dt = ic Uniquely Generates the Seven McGucken Dualities of Physics, April
24, 2026. https://elliotmcguckenphysics.com/2026/04/24/the-mcgucken-principle-as-the-unique-physical-kleinian-foundation-how-dx%
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E2%82%84-dt-ic-uniquely-generates-the-seven-mcgucken-dualities-of-physics-1-hamiltonian-lagrangian-2-noether/

The principal source paper for the formalism developed in this treatise.

[MG-LagrangianOptimality]
E. McGucken, The McGucken Lagrangian as Unique, Simplest, and Most Complete:
A Multi-Field Mathematical Proof, April 25, 2026. https://elliotmcguckenphysics.
com/2026/04/25/the-mcgucken-lagrangian-as-unique-simplest-and-most-complete-a-multi-field-mathematical-proof/

The companion paper establishing the four-fold uniqueness, three-fold simplicity, and
three-fold completeness of LMcG.

[MG-DeeperFoundationsQM]
E. McGucken, The Deeper Foundations of Quantum Mechanics: How the McGucken
Principle Uniquely Generates the Hamiltonian and Lagrangian Formulations of Quan-
tum Mechanics, Wave/Particle Duality, the Schrödinger and Heisenberg Pictures, and
Locality and Nonlocality all from dx4/dt = ic, April 23, 2026. https://elliotmcguckenphysics.
com/2026/04/23/the-deeper-foundations-of-quantum-mechanics-how-the-mcgucken-principle-uniquely-generates-the-hamiltonian-and-lagrangian-formulations-of-quantum-mechanics-wave-particle-duality-the-schrodinger-and/

The principal companion paper establishing the two-route derivation of the canoni-
cal commutation relation [q̂, p̂] = iℏ from dx4/dt = ic through disjoint intermediate
structures: the Hamiltonian route (five propositions) via the Minkowski metric, Stone’s
theorem, the configuration representation, direct commutator computation, and Stone-
von Neumann uniqueness; and the Lagrangian route (six propositions) via Huygens’
principle, iterated spherical expansion, accumulated x4-phase, the Feynman path in-
tegral, the Schrödinger equation, and the kinetic-term momentum operator. Estab-
lishes the dual-channel content of dx4/dt = ic as the structural feature that makes
both quantum formulations theorems of one principle. Surveys fifteen prior frame-
works (Feynman 1948, Dirac 1933, Nelson 1966, Lindgren-Liukkonen 2019, geometric
quantization, Hestenes geometric algebra, Adler trace dynamics, Bohmian mechan-
ics, Weinberg Lagrangian QFT, ’t Hooft cellular automata, Arnold symplectic me-
chanics, Ashtekar/loop quantum gravity, Witten twistor string, Schuller constructive
gravity, Woit Euclidean twistor unification) and establishes that none possesses the
dual-channel property. Develops the principle of structural overdetermination as the
signature of a correct geometric foundation, and presents the McGucken Quantum For-
malism as the most structurally complete interpretation of quantum mechanics in the
99-year literature since Schrödinger 1926.

[MG-Geometry]
E. McGucken, McGucken Geometry: The Novel Mathematical Structure of Moving-
Dimension Geometry underlying the Physical McGucken Principle of a Fourth Expand-
ing Dimension dx4/dt = ic, April 25, 2026. https://elliotmcguckenphysics.com/

2026/04/25/mcgucken-geometry-the-novel-mathematical-structure-of-moving-dimension-geometry-underlying-the-physical-mcgucken-principle-of-a-fourth-expanding-dimension-dx%

E2%82%84-dt-ic/ The companion treatise establishing the geometric structure on
which the McGucken Symmetry is realized. Develops moving-dimension geometry as
the novel mathematical framework in which one of the four coordinate dimensions has
a distinguished translation generator, distinguishing the McGucken Geometry from
standard Lorentzian geometry and from Cartan moving-frame geometry by the addi-
tion of a physical expansion-rate condition dx4/dt = ic on the four-coordinate. The
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McGucken Sphere is established as spacetime’s foundational atom, and the geometric
content of the framework’s derivations across thermodynamics, general relativity, and
quantum mechanics is established through the geometric structure of the McGucken
Sphere. The companion paper to [MG-Cartan].

[MG-QuantumFormalism]
E. McGucken, The Deeper Foundations of Quantum Mechanics, April 23, 2026. https:
//elliotmcguckenphysics.com/2026/04/23/the-deeper-foundations-of-quantum-mechanics

The framework’s quantum-formalism content, including the Stone-von Neumann deriva-
tion of the canonical commutator and the Wigner classification of particle represen-
tations. Develops the McGucken Quantum Formalism as the structural unification
of the Hamiltonian and Lagrangian formulations of quantum mechanics, the wave-
particle duality, the Heisenberg and Schrödinger pictures, and locality and nonlocality,
all from the single geometric principle dx4/dt = ic. The companion content to [MG-
DeeperFoundationsQM].

[MG-KleinianConstructor]
E. McGucken, The McGucken-Kleinian Programme as the Geometric Foundation of
Constructor Theory: A Categorical Formalization, April 25, 2026. https://elliotmcguckenphysics.
com/2026/04/25/the-mcgucken-kleinian-programme-as-the-geometric-foundation-of-constructor-theory-a-categorical-formalization/

The constructor-theoretic content of the McGucken-Kleinian framework. Develops the
McGucken-Kleinian Programme as the geometric foundation of Deutsch-Marletto con-
structor theory, with the categorical formalization establishing the framework’s compat-
ibility with the constructor-theoretic specification of physical possibility and impossibil-
ity through the categorical structure of allowed transformations under the symmetries
of dx4/dt = ic.

[MG-Duality]
E. McGucken, The McGucken Principle as the Unique Physical Kleinian Foundation:
How dx4/dt = ic Uniquely Generates the Seven McGucken Dualities of Physics: (1)
Hamiltonian/Lagrangian, (2) Noether Conservation Laws / Second Law of Thermo-
dynamics, (3) Heisenberg/Schrödinger, (4) Wave/Particle, (5) Locality/Nonlocality,
(6) Rest Mass / Energy of Spatial Motion, (7) Time/Space, April 24, 2026. https://
elliotmcguckenphysics.com/2026/04/24/the-mcgucken-principle-as-the-unique-physical-kleinian-foundation-how-dx%

E2%82%84-dt-ic-uniquely-generates-the-seven-mcgucken-dualities-of-physics-1-hamiltonian-lagrangian-2-noether/

The dual-channel structure of dx4/dt = ic in the algebraic-symmetry / geometric-
propagation pair, and the unique Kleinian foundation from which the seven McGucken
Dualities of Physics descend as parallel sibling consequences of one principle. The
principal source paper for the seven-fold structure developed throughout this treatise.

[MG-GRChain]
E. McGucken, General Relativity Derived from the McGucken Principle: A Unique,
Simple, and Complete Derivation of General Relativity as a Chain of Theorems of the
McGucken Principle of a Fourth Expanding Dimension dx4/dt = ic, April 26, 2026.
https://elliotmcguckenphysics.com/2026/04/26/general-relativity-derived-from-the-mcgucken-principle-a-unique-simple-and-complete-derivation-of-general-relativity-as-a-chain-of-theorems-of-the-mcgucken-principle-of-a-fourth-expanding-dimension/

The first paper of the McGucken trilogy. Twenty-six theorems descending from dx4/dt =
ic that establish the foundational content of general relativity, with a Part IV extending
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into Bekenstein-Hawking thermodynamics, the Susskind holographic programme, the
GKP-Witten AdS/CFT dictionary, Penrose’s twistor theory, the Arkani-Hamed-Trnka
amplituhedron, and Witten’s 1995 string-theory dynamics with the structural identi-
fication of M-theory’s eleventh dimension with x4. The Schwarzschild time-dilation
factor

√
1 − 2GM/rc2 is recovered through Wheeler-style poor-man’s geometric rea-

soning rather than through formal field-equation machinery, with the r → ∞ New-
tonian limit Φ = −GM/r and the strong-field exact form both descending from the
four-velocity-budget partition (dx4/dτ)2 + (dx/dτ)2 = c2 as the kinematic content of
the principle. The Einstein field equations Gµν + Λgµν = (8πG/c4)Tµν are derived
as the necessary conservation-of-energy-momentum content of the principle’s coupling
to matter through the Compton frequency, with the diffeomorphism-invariance of the
principle supplying the ∇µT

µν = 0 structural conservation. The Bekenstein-Hawking
entropy SBH = kBA/(4ℓ

2
P ) is derived through the McGucken Wick rotation as the

area-law content of x4-extension across the horizon, with the Hawking temperature
TH = ℏc3/(8πGMkB) as the conjugate temperature of the imaginary-time period.
The structural prediction is that no graviton exists: gravity is the geometric content
of x4’s differential expansion across regions of differing matter density, not a separate
fundamental field with its own quantum.

[MG-QMChain]
E. McGucken, Quantum Mechanics Derived from the McGucken Principle: A Unique,
Simple, and Complete Derivation of Quantum Mechanics as a Chain of Theorems of
the McGucken Principle of a Fourth Expanding Dimension dx4/dt = ic, April 26, 2026.
https://elliotmcguckenphysics.com/2026/04/26/quantum-mechanics-derived-from-the-mcgucken-principle-a-unique-simple-and-complete-derivation-of-quantum-mechanics-as-a-chain-of-theorems-of-the-mcgucken-principle-of-a-fourth-expanding-dimension-d/

The companion paper establishing all of quantum mechanics as a chain of formal the-
orems descending from dx4/dt = ic. The structural payoff is fourfold. First, the six
Dirac-von Neumann postulates Q1–Q6 (Hilbert-space structure, self-adjoint observ-
ables, Born rule, Schrödinger evolution, canonical commutation, tensor-product com-
position with (anti)symmetrization) are revealed as theorems of dx4/dt = ic, eliminat-
ing six independent axioms in favor of one geometric principle. Second, the imaginary
unit i in the Schrödinger equation iℏ∂ψ/∂t = Ĥψ, in [q̂, p̂] = iℏ, in the Dirac equation
(iγµDµ − m)ψ = 0, and in the Feynman path-integral kernel exp(iS/ℏ) is the same
i as in x4 = ict: the imaginary unit of quantum mechanics is the perpendicularity
marker of the fourth dimension. Third, wave-particle duality dissolves: a quantum
entity is simultaneously a spherically symmetric wavefront (the 3D cross-section of
its expanding McGucken Sphere) and a localizable particle (the 3D intersection event
at measurement), with both aspects forced by dx4/dt = ic. Fourth, quantum nonlo-
cality acquires a structural reading: Bell-inequality violations are x4-mediated corre-
lations rather than faster-than-light spatial signaling. Theorem 10 (Canonical Com-
mutation Relation) is established by a dual-route derivation: the Hamiltonian route
via Stone’s theorem on translation invariance and the Stone-von Neumann uniqueness
theorem (algebraic-symmetry channel), and the Lagrangian route via Huygens’ princi-
ple, the Feynman path integral, and the Schrödinger equation (geometric-propagation
channel). The two routes share no intermediate machinery except the starting prin-
ciple and the final identity [q̂, p̂] = iℏ. Theorem 13 (Hamiltonian-Lagrangian and
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Heisenberg-Schrödinger Equivalences) reads the dual-channel content of dx4/dt = ic as
the structural reason both formulations exist: the algebraic-symmetry channel gener-
ates the Hamiltonian/Heisenberg formulation, the geometric-propagation channel gen-
erates the Lagrangian/Schrödinger formulation. Twenty-one theorems descend from
the principle through three Parts: Foundations (wave equation, de Broglie, Planck-
Einstein, Compton coupling, rest-mass phase, wave-particle duality), Dynamical Equa-
tions (Schrödinger, Klein-Gordon, Dirac with 4π spinor periodicity, canonical commu-
tation dual-route, Born rule, Heisenberg uncertainty, dual-formulation equivalence),
and Quantum Phenomena (Feynman path integral, Bell-violation nonlocality, entan-
glement, measurement, second quantization with Pauli exclusion, matter-antimatter,
Compton-coupling diffusion, Feynman-diagram apparatus). Each theorem is tagged
with a graded-forcing grade indicating whether it follows from the principle alone
(Grade 1), the principle plus standard structural assumptions (Grade 2), or the prin-
ciple plus an external mathematical framework such as Stone-von Neumann or Clif-
ford algebra (Grade 3). Establishes that the McGucken framework is simpler than the
Dirac-von Neumann axiom system under three independent complexity measures (Kol-
mogorov complexity, postulate count, derivational depth): one Grade-1 axiom replaces
six Grade-0 postulates, with Kolmogorov compression of approximately one order of
magnitude.

[MG-ThermoChain]
E. McGucken, Thermodynamics Derived from the McGucken Principle: A Unique,
Simple, and Complete Derivation of Thermodynamics as a Chain of Theorems of the
McGucken Principle of a Fourth Expanding Dimension dx4/dt = ic, April 26, 2026.
https://elliotmcguckenphysics.com/2026/04/26/thermodynamics-derived-from-the-mcgucken-principle-a-unique-simple-and-complete-derivation-of-thermodynamics-as-a-chain-of-theorems-of-the-mcgucken-principle-of-a-fourth-expanding-dimension-dx/

The third paper of the McGucken trilogy and the first formal derivation of thermo-
dynamics from a single physical principle in the history of physics. Eighteen theo-
rems descending from dx4/dt = ic that close Einstein’s three thermodynamic gaps
T1 (probability measure), T2 (ergodicity), and T3 (Second Law) simultaneously. The
Haar measure on the phase space is derived as the unique invariant measure under the
algebraic-symmetry channel of dx4/dt = ic (T1). The Huygens-wavefront content of
the geometric-propagation channel produces ergodicity: every spacetime event reaches
every other event in the future light cone through some chain of McGucken Spheres,
yielding mixing and the convergence of time averages to ensemble averages (T2). The
Second Law strict-monotonicity rate dS/dt = (3/2)kB/t > 0 for all t > 0 is derived
as the spatial-projection content of the spherical isotropic random walk produced by
Compton-coupling matter to x4-expansion (T3), with the Boltzmann-Gibbs entropy
S(t) = (3/2)kB ln(4πeDt) and the photon Shannon entropy on the McGucken Sphere
S(t) = kB ln(4π(ct)2) both following as theorems of the same construction. Resolves
Loschmidt’s 1876 reversibility objection structurally: the time-symmetric microscopic
conservation laws (Channel A) and the time-asymmetric Second Law (Channel B) are
not in conflict but are two readings of the same single principle through structurally
distinct channels. Dissolves the Penrose 10−10123 Past Hypothesis as a theorem: t = 0
is the lowest-entropy moment by construction, as the geometric starting point of x4’s
expansion. Establishes the Bekenstein-Hawking entropy SBH = kBA/(4ℓ

2
P ) and the
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Hawking temperature TH = ℏc3/(8πGMkB) as theorems of the McGucken Wick ro-
tation. Predicts the falsifiable cosmological-holography signature ρ2(trec) ≈ 7 as the
empirical signature of the framework’s FRW cosmology.

[MG-GrandUnification]
E. McGucken, The McGucken Duality & The McGucken Principle as Grand Unifica-
tion: How dx4/dt = ic Unifies General Relativity, Quantum Mechanics, and Thermo-
dynamics as Theorems of a Single Physical, Geometric Principle: A Scholarly Synthesis
of the Three-Paper Chain Trilogy, Placing the McGucken Framework in the 340-Year
History of Foundational Physics, Identifying Where Prior Unification Programs Suc-
ceeded and Failed, and Cataloging the Structural Features that Make the McGucken
Principle a Unique, Simple, and Complete Foundation, April 26, 2026. https://

elliotmcguckenphysics.com/2026/04/26/the-mcgucken-duality-the-mcgucken-principle-as-grand-unification-how-dx%

E2%82%84-dt-ic-unifies-general-relativity-quantum-mechanics-and-thermodynamics-as-theorems-of-a-single-physical-geom/

The synthesis paper of the McGucken trilogy [MG-GRChain; MG-QMChain; MG-
ThermoChain]. Establishes the structural-historical fact that the McGucken Principle
dx4/dt = ic is the first single physical principle in the 340-year history of foundational
physics from Newton 1687 forward to close the foundational-derivation gaps of general
relativity, quantum mechanics, and thermodynamics simultaneously. Catalogs sixteen
prior foundational-derivation programs across the three sectors — the gravitational
sector’s roughly fifteen to twenty (Kaluza-Klein, Einstein-Cartan, Wheeler-DeWitt,
Loop Quantum Gravity, the various string theories, twistor theory, causal-set the-
ory, asymptotic safety, Verlinde’s entropic gravity, Schuller’s constructive gravity, et
al.); the quantum-mechanical sector’s roughly twelve to fifteen (Bohr 1913, Heisenberg
1925, Schrödinger 1926, Dirac, von Neumann 1932, hidden variables, Many-Worlds,
decoherence, Bohmian mechanics, GRW, QBism, informational reconstructions); and
the thermodynamic sector’s empty foundational-derivation literature — and applies a
uniform McGucken Duality test to identify the specific structural reasons each prior
program failed at one or more sectors. Develops the McGucken Duality as the technical
heart of the unification: every derivation in every sector descends from dx4/dt = ic
through twin algebraic-symmetry (Channel A) and geometric-propagation (Channel
B) readings as parallel sibling consequences of the same single foundational equation.
The McGucken Duality is the realization at the foundational level of physics of the
algebraic-geometric correspondence anticipated by Klein 1872, formalized in moving-
frame geometry by Cartan 1923, instantiated for gauge fields by Yang-Mills 1954, for
spacetime recoordinatization by Penrose’s twistor program 1967, and for inter-theory
holographic equivalence by Maldacena’s AdS/CFT correspondence 1997 — with the
structural novelty that no prior precedent identified a single foundational physical prin-
ciple from which both an algebraic-symmetry content and a geometric-propagation
content descend as parallel sibling consequences across all three sectors. Develops the
master-equation triad as parallel structural payoffs of dx4/dt = ic in the three sec-
tors: uµuµ = −c2 (gravity), [q̂, p̂] = iℏ (quantum mechanics), dS/dt = (3/2)kB/t and
dSBH/dA = kB/(4ℓ

2
P ) (thermodynamics). Catalogs the falsifiable empirical signatures:

the Compton-coupling diffusion D
(McG)
x = ε2c2Ω/(2γ2) in cold-atom systems, the abso-

lute absence of magnetic monopoles, the no-graviton prediction, the absence of Kaluza-
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Klein radions, and the cosmological-holography signature ρ2(trec) ≈ 7. Articulates
the three-fold sense in which the McGucken Principle is unique, simple, and complete
as a foundation, meeting Einstein’s 1934 Herbert Spencer Lecture criterion. Traces
the framework’s intellectual genealogy to the Princeton tradition of Wheeler, Pee-
bles, and Taylor: the synthesis of Peebles’s photon-as-spherically-symmetric-wavefront,
Wheeler’s photon-stationary-in-x4, and Taylor’s identification of entanglement as the
source of the quantum forces dx4/dt = ic as the logical conclusion. The framework’s
first formal publication is Appendix B: Physics for Poets — The Law of Moving Dimen-
sions of McGucken’s 1998 UNC PhD dissertation, which establishes the framework’s
1998 priority date and contains the foundational identification dx/dt = c as the pre-
cursor of dx4/dt = ic in the framework’s subsequent Lorentz-covariant articulation,
together with the early articulations of wave-particle duality, entropy increase, time
dilation, length contraction, and E = mc2 as consequences of the moving-dimension
principle.

[MG-DiracGeom]
E. McGucken, The Geometric Origin of the Dirac Equation, Spin-12 , the SU(2) Double
Cover, and the Matter-Antimatter Structure from the McGucken Principle of a Fourth
Expanding Dimension dx4/dt = ic, April 19, 2026. https://elliotmcguckenphysics.
com/2026/04/19/the-geometric-origin-of-the-dirac-equation-spin-%c2%bd-the-su2-double-cover-and-the-matter-antimatter-structure-from-the-mcgucken-principle-of-a-fourth-expanding-dimension-dx%

e2%82%84-dt-ic/ The companion paper deriving the Dirac equation as a theorem of
the matter-orientation Clifford-algebra structure of dx4/dt = ic, with spin-12 , the SU(2)
double cover, and the matter-antimatter structure as parallel structural consequences.

[MG-ConservationLaws]
E. McGucken, Conservation Laws as Shadows of dx4/dt = ic: A Formal Development
of the McGucken Principle of the Fourth Expanding Dimension as a Geometric An-
tecedent to the Symmetries Underlying Noether’s Theorem, April 20, 2026. https://

elliotmcguckenphysics.com/2026/04/20/conservation-laws-as-shadows-of-dx%

E2%82%84-dt-ic-a-formal-development-of-the-mcgucken-principle-of-the-fourth-expanding-dimension-as-a-geometric-antecedent-to-the-symmetries-underlying-noethers/

The companion paper establishing each Noether conservation law as a geometric shadow
of dx4/dt = ic via the symmetries of the McGucken-Kleinian structure.

[MG-ConservationSecondLaw]
E. McGucken, The McGucken Principle dx4/dt = ic as the Common Foundation
of the Conservation Laws and the Second Law of Thermodynamics: A Remarkable
and Counter-Intuitive Unification, April 23, 2026. https://elliotmcguckenphysics.
com/2026/04/23/the-mcgucken-principle-as-the-common-foundation-of-the-conservation-laws-and-the-second-law-of-thermodynamics-a-remarkable-and-counter-intuitive-unification/

The companion paper establishing both the time-symmetric Noether conservation laws
and the time-asymmetric Second Law of Thermodynamics as simultaneous theorems of
dx4/dt = ic through the dual-channel structure of the principle. Channel A (algebraic-
symmetry: temporal uniformity, spatial homogeneity, spherical isotropy as static sym-
metry, Lorentz covariance, U(1) phase, Clifford-algebraic extensions to SU(2)L and
SU(3)c, diffeomorphism invariance) generates the twelve-fold Noether catalog: ten
Poincaré charges (energy, three momenta, three angular momenta, three boost charges),
three internal-gauge charges (electric, weak isospin, color), and the diffeomorphism-
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covariant conservation ∇µT
µν = 0. Channel B (geometric-propagation: spherical

expansion at rate c from every point, Huygens’ secondary wavelets, monotonic one-
way advance) generates the Second Law via spherical isotropic random walk producing
Boltzmann-Gibbs entropy S(t) = (3/2)kB ln(4πeDt) with dS/dt = (3/2)kB/t > 0 strict
for all t > 0, photon Shannon entropy on the McGucken Sphere S(t) = kB ln(4π(ct)2),
the five arrows of time (thermodynamic, radiative, causal, cosmological, psychological),

and the Compton-coupling diffusion D
(McG)
x = ε2c2Ω/(2γ2) as a species-independent,

temperature-persistent laboratory signature. Resolves the Loschmidt 1876 reversibility
objection structurally rather than statistically: the time-symmetric conservation laws
and the time-asymmetric Second Law are not in conflict but are two readings of a
single principle through two distinct channels, neither reducible to the other. Dissolves
Penrose’s 10−10123 Past Hypothesis fine-tuning as a theorem: t = 0 is the lowest-
entropy moment by construction, as the geometric starting point of x4’s expansion.
Establishes the fifth structural level of the dual-channel framework, the first level at
which the structure extends beyond quantum mechanics into thermodynamics, pairing
a time-symmetric feature with a time-asymmetric feature.

[MG-DualChannel]
E. McGucken, How the McGucken Principle of a Fourth Expanding Dimension Gener-
ates and Unifies the Dual A-B Channel Structure of Physics: (A: Hamiltonian Operator
Formulation & B: Lagrangian Path Integral) and (A: Noether Conservation Laws & B:
Second Law of Thermodynamics) and (A: Heisenberg Picture & B: Schrödinger Picture)
and (A: Particle Aspect & B: Wave Aspect) and (A: Local Microcausality & B: Nonlocal
Bell Correlations) and (A: Rest Mass & B: Energy of Spatial Motion) and (A: Time
& B: Space) via dx4/dt = ic, April 24, 2026. https://elliotmcguckenphysics.com/
2026/04/24/how-the-mcgucken-principle-of-a-fourth-expanding-dimension-generates-and-unifies-the-dual-a-b-channel-structure-of-physics-a-hamiltonian-operator-formulation-b-lagrangian-path-integral-and/

The master synthesis paper establishing all seven dualities of physics as parallel sib-
ling consequences of dx4/dt = ic through its dual-channel structure: (1) Hamilto-
nian/Lagrangian formulations of quantum mechanics, (2) Noether conservation laws
/ Second Law of Thermodynamics, (3) Heisenberg/Schrödinger pictures, (4) parti-
cle/wave aspects, (5) local microcausality / nonlocal Bell correlations, (6) rest mass
/ energy of spatial motion (with E2 = (pc)2 + (mc2)2 as the Pythagorean joint and
E = mc2 as the Channel A limit at spatial rest), (7) time / space (with the Minkowski
interval ds2 = dx2 − c2dt2 = dx2 + dx24 as the Pythagorean joint of the Channel A and
Channel B readings). Develops the master equation uµuµ = −c2 as a derived theo-
rem from dx4/dt = ic combined with the proper-time parametrization, with the four-
velocity budget (dx4/dτ)2 + (dx/dτ)2 = c2 as the kinematic root of the mass/energy
duality. Develops the McGucken Equivalence: photons at |v| = c satisfy dx4/dτ = 0,
so two photons co-emitted at a common event share the x4-coordinate forever re-
gardless of three-dimensional separation; Bell correlations E(a, b) = − cos θab are the
three-dimensional shadow of four-dimensional x4-coincidence on the light cone, con-
firmed by Aspect 1982, Zeilinger 1998, and Hensen loophole-free 2015. Establishes the
Two McGucken Laws of Nonlocality (Theorems 3 and 4) and the Compton-coupling

diffusion D
(McG)
x = ε2c2Ω/(2γ2) as a species-independent, temperature-persistent labo-

ratory signature. Section XI develops the Kleinian reading: Channel A and Channel B
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are the two faces of a single mathematical object under the Klein 1872 correspondence
between algebra (group theory, Lie theory, complex and Clifford algebra, invariant
theory) and geometry (differential geometry, Lorentzian geometry, partial differential
equations, measure theory, topology), connected by Noether’s theorem (symmetry ↔
conservation), representation theory (group ↔ the objects it acts on), and Cartan’s
moving frames (connection ↔ parallel transport). Demonstrates that the seven duali-
ties are the Kleinian correspondence applied at seven levels of physical description, with
each duality pairing the Channel A (algebraic, group-theoretic, invariant) face with the
Channel B (geometric, propagational, flow-theoretic) face of one and the same object
— one physical principle, seven manifestations of its dual-channel mathematical struc-
ture. Meets Einstein’s 1934 Herbert Spencer Lecture criterion: “the supreme goal of all
theory is to make the irreducible basic elements as simple and as few as possible with-
out having to surrender the adequate representation of a single datum of experience”
— one geometric statement, seven dualities, no datum surrendered.

[MG-Wick]
E. McGucken, The Wick Rotation as a Theorem of dx4/dt = ic: How the McGucken
Principle of the Fourth Expanding Dimension Provides the Physical Mechanism Un-
derlying the Wick Rotation and All of Its Applications, April 20, 2026. https://

elliotmcguckenphysics.com/2026/04/20/the-wick-rotation-as-a-theorem-of-dx%

E2%82%84-dt-ic-how-the-mcgucken-principle-of-the-fourth-expanding-dimension-provides-the-physical-mechanism-underlying-the-wick-rotation-and-all-of-its-applicat/

The Wick rotation as substrate-axis identification in the framework: the analytic con-
tinuation t→ iτ that converts Lorentzian quantum field theory to Euclidean statistical
mechanics is the substrate identification t = −ix4/c from x4 = ict, with x4 playing the
role of imaginary time. The Wick rotation is therefore a theorem of dx4/dt = ic, not a
formal computational device. Establishes the structural reading of the imaginary-time
formalism in finite-temperature field theory, the Bekenstein-Hawking entropy via the
Hawking-Gibbons Euclidean action, and the path-integral construction of the partition
function in statistical mechanics, all as substrate-continuation readings of dx4/dt = ic.

[MG-CosmologyUnits]
E. McGucken, McGucken Cosmology Units: A Quantitative Paper on How a Small
Effective Drift in Fourth-Dimensional Expansion Can Account for Dark Energy, Dark
Matter, Gravity, Anti-Gravity, and the Galactic Acceleration Scale, 2026. The quanti-
tative cosmological extension of the McGucken Principle, distinguishing the exact local
invariant c from an effective cosmological projection factor f(t,x) defined by dx4/dt =
ic f(t,x). Establishes the minimal drift ansatz ρ4 = (3/8πG)Γ2

4 with the resulting clean
formula Γ4 = H0

√
Ω4, identifying a fractional x4-projection drift of orderH0 as carrying

critical-density-scale cosmological weight. Computes the channel-by-channel numerical
results for dark energy (ΓΛ = 1.81 × 10−18 s−1, ρΛc

2 = 5.25 × 10−10 J m−3), cold dark
matter (ΓDM = 1.12 × 10−18 s−1, ρDMc

2 = 2.03 × 10−10 J m−3), and the total dark
sector (Γdark = 2.13×10−18 s−1, cΓdark = 6.38×10−10 m s−2, with phase-reduced value
cΓdark/(2π) = 1.02× 10−10 m s−2, agreeing with the empirical MOND/RAR scale a0 ∼
1.2 × 10−10 m s−2 to within 15%), using Planck 2018 inputs. The dark-energy/dark-
matter split ΓDM/ΓΛ =

√
Ωc/ΩΛ = 0.621 is fixed by the quadratic-in-amplitude struc-

ture of the ansatz, with 72.2% of the dark x4-sector smooth and anti-gravitational
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and 27.8% condensing into cold clumped gravity. Develops the accumulation-problem
defense: the annualized unit conversion ∆Cdark,yr ≈ 0.020 m s−1 yr−1 must not be
read as a literal historical drift of c, since naive linear extrapolation over 109 years
would give 6.7 × 10−2c in conflict with the GW170817 constraint |δc|/c ≲ 10−15; the
correct interpretation is that cΓdark is a cosmological acceleration/curvature scale ex-
actly analogous to the Hubble acceleration scale cH0, not an accumulating change in
the invariant x4-expansion speed. Develops the gravity/anti-gravity sign rule via the
Friedmann acceleration source ρ+ 3p/c2: cold clumped δf with pf ≈ 0 produces dark-
matter-like gravity, smooth vacuum-like f̄ with pf ≈ −ρfc2 produces dark-energy-like
anti-gravity, threshold pf = −ρfc2/3 produces zero active acceleration, and positive-
pressure excitations produce extra attractive gravity or dark radiation. Develops the
curvature-amplification mechanism: defining the local stretch factor χh =

√
h/h0 with

h the spatial-metric determinant, the curvature-amplified McGucken drift potential is
Φ4,eff = χhΦ4, with Schwarzschild stretch χr(r) = (1 − 2GM/c2r)−1/2 and weak-field
limit χr ≈ 1 + GM/(c2r). The same x4-rate perturbation has greater gravitational
leverage near massive objects, supplying the structural mechanism for galaxy-scale
rotation-curve phenomenology and the radial acceleration relation. The phase-counting
view dN4 ∝ dℓ/λ4 gives the wave-counting version: stretched space increases the ef-
fective x4-phase intervals per coordinate interval. The correct Friedmann-like model
is Γ4(t) = H(t)

√
Ω4(t), tracking cosmic epoch, energy partition, and the activation of

the smooth or clumped x4-sector channels.

[MG-Constants]
E. McGucken, How the McGucken Principle of a Fourth Expanding Dimension dx4/dt =
ic Sets the Constants c (the Velocity of Light) and h (Planck’s Constant), April 11,
2026. https://elliotmcguckenphysics.com/2026/04/11/how-the-mcgucken-principle-of-a-fourth-expanding-dimension-dx4-dtic-sets-the-constants-c-the-velocity-of-light-and-h-plancks-constant/
The companion paper establishing c and ℏ as theorems of dx4/dt = ic rather than inde-
pendent fundamental constants. c is the McGucken Principle’s wavelength-per-period
ratio ℓ∗/t∗ for the substrate’s intrinsic length-period pair; ℏ is the substrate’s per-tick
action quantum (one unit of action per fundamental oscillation cycle). Schwarzschild
self-consistency rS = λ identifies ℓ∗ = ℓP =

√
ℏG/c3 ≈ 1.6 × 10−35 m, with G en-

tering as the third independent dimensional input. The Planck triple (ℓP , tP , ℏ) is the
McGucken Sphere’s internal scale, in the same structural sense that (a0, tatomic, e

2/4πϵ0)
is the hydrogen atom’s internal scale. The McGucken Principle determines two of the
three fundamental dimensional constants of physics; G remains an independent input.

[MG-Holography]
E. McGucken, The McGucken Principle as the Physical Foundation of the Holographic
Principle and AdS/CFT: How dx4/dt = ic Naturally Leads to Boundary Encoding of
Bulk Information — Including Derivations of ℏ and G from the Fundamental Oscilla-
tion Scale of x4, and the Formal Identification of dx4/dt = ic as the Geometric Source of
Quantum Nonlocality, April 18, 2026. https://elliotmcguckenphysics.com/2026/

04/18/the-mcgucken-principle-as-the-physical-foundation-of-the-holographic-principle-and-ads-cft-how-dx%

E2%82%84-dt-ic-naturally-leads-to-boundary-encoding-of-bulk-information

The companion paper establishing the holographic principle and AdS/CFT correspon-
dence as theorems of dx4/dt = ic. The boundary-encoding of bulk information de-
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scends from the geometric fact that x4’s spherically symmetric expansion at rate c
from each spacetime event makes the McGucken Sphere’s 2-sphere cross-section the
natural carrier of the bulk’s information content, with the area-law scaling following
from the Sphere’s A(t) = 4π(ct)2 surface-area growth. Develops the GKP-Witten dic-
tionary ZCFT[ϕ0] = ZAdS[ϕ|∂ = ϕ0] as a theorem of the McGucken Principle, with
the dimension-mass relation ∆(∆ − d) = m2L2, the Hawking-Page transition, and
the Ryu-Takayanagi formula descending as consequences. Establishes derivations of ℏ
and G from the fundamental oscillation scale of x4 at the Planck period, and identi-
fies dx4/dt = ic as the geometric source of quantum nonlocality through the shared
x4-frame of two photons emitted from a common source.

[MG-Lagrangian]
E. McGucken, The Unique McGucken Lagrangian: All Four Sectors — Free-Particle
Kinetic, Dirac Matter, Yang-Mills Gauge, Einstein-Hilbert Gravitational — Forced by
the McGucken Principle dx4/dt = ic: A Derivation of the Least-Action Functional for
Physics from the Single Geometric Principle dx4/dt = ic, with a History of Lagrangian
Methods from Maupertuis to Witten and a Formal Uniqueness Proof, April 23, 2026.
https://elliotmcguckenphysics.com/2026/04/23/the-unique-mcgucken-lagrangian-all-four-sectors-free-particle-kinetic-dirac-matter-yang-mills-gauge-einstein-hilbert-gravitational-forced-by-the-mcgucken-principle-dx%

E2%82%84-2/ The principal source paper for the four-sector Lagrangian uniqueness the-
orem developed in Section 19. Establishes LMcG = Lkin +LDirac +LYM +LEH as forced
by dx4/dt = ic via four sector-uniqueness theorems plus Coleman-Mandula 1967 plus
Weinberg reconstruction plus Stone-von Neumann 1931–32. Develops the structural
feature that distinguishes LMcG from every prior Lagrangian: the underlying invari-
ances (Lorentz, diffeomorphism, local gauge) are themselves forced by dx4/dt = ic
rather than taken as independent inputs. Provides the historical comparison with the
eight canonical Lagrangians of the 282-year tradition (Maupertuis 1744, Lagrange 1788,
Hamilton 1834, Hilbert 1915, Yang-Mills 1954, Standard Model, GUT/SUSY, string-
theoretic) and establishes that LMcG is the first Lagrangian simultaneously proved
unique, simplest, and most complete by methods drawn from fourteen independent
mathematical fields.

[MG-FQXi-2010]
E. McGucken, “On the Emergence of QM, Relativity, Entropy, Time, iℏ, and ic,”
Foundational Questions Institute (FQXi) Essay Contest, 2010–2011. https://forums.
fqxi.org The 2010–2011 FQXi essay establishing the structural parallel between dx4/dt =
ic and [q̂, p̂] = iℏ as the first explicit identification that the imaginary unit i in quantum
mechanics is the same i as in x4 = ict — the perpendicularity marker of the fourth
dimension. Develops the early articulation of the framework’s reach across special rel-
ativity, quantum mechanics, thermodynamics, and the emergence of time, with the
identification of dx4/dt = ic as the foundational substrate from which the constants ℏ
and c both emerge through the substrate’s intrinsic length-period structure.

[MG-FoundationalAtom]
E. McGucken, The McGucken Sphere as Spacetime’s Foundational Atom: Deriving
Arkani-Hamed’s Amplituhedron and Penrose’s Twistors as Theorems of the McGucken
Principle dx4/dt = ic, April 27, 2026. https://elliotmcguckenphysics.com/2026/
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04/27/the-mcgucken-sphere-as-spacetimes-foundational-atom-deriving-arkani-hameds-amplituhedron-and-penroses-twistors-as-theorems-of-the-mcgucken-principle-dx4-dtic/

The companion paper establishing the McGucken Sphere Σ+(p0) — the spherically
symmetric expansion of x4 at rate c from each spacetime event p0 — as the foundational
atom of spacetime, deriving Penrose’s twistor space CP3, Witten’s 2003 holomorphic-
curve localization, and the Arkani-Hamed-Trnka 2013 amplituhedron as theorems of
the McGucken Principle. The Sphere’s expansion proceeds in discrete oscillatory
quanta with the Planck triple (ℓP , tP , ℏ) as internal scale: c is the McGucken Prin-
ciple’s wavelength-per-period ratio, ℏ is the substrate’s per-tick action quantum, and
Schwarzschild self-consistency rS = λ identifies ℓ∗ = ℓP =

√
ℏG/c3 ≈ 1.6 × 10−35 m,

with G as the third independent dimensional input. The framework determines two
of the three fundamental dimensional constants of physics; G remains an independent
input. Establishes five depth theorems showing the McGucken Principle is foundation-
ally deeper than twistor space and the amplituhedron: (1) Asymmetric derivability :
MP ⊢ TS and MP ⊢ Amp, while neither TS nor Amp entails the McGucken Principle.
(2) Description-length minimality : K(MP) ∼ 102 bits versus K(TS) ∼ K(Amp) ∼ 103

bits versus K(standard QFT) ∼ 104 bits. (3) Ontological priority : the McGucken
Sphere is a physical structure on Minkowski spacetime (the future null cone of an event),
generated by a physical process (the principle’s spherically symmetric expansion at c),
established by the McGucken Proof from three independently verified premises (the
four-speed invariance uµuµ = −c2, the empirical sphericity of photon propagation, and
the physical identification of x4 = ict); twistor space and the amplituhedron are math-
ematical constructs by their originators’ own characterization, with Penrose explicitly
describing the complex structure of twistor space as “magical” (required by the formal-
ism but not derived from a physical principle within it) and Arkani-Hamed stating that
the amplituhedron is “step 0 of step 1” of a longer programme whose deeper geometric
object remains open. (4) Unification scope: the McGucken Principle derives general rel-
ativity (twenty-six theorems [MG-GRChain]), quantum mechanics (twenty-three theo-
rems [MG-QMChain]), and thermodynamics (eighteen theorems [MG-ThermoChain])
as parallel theorem-chains from one equation; twistor space and the amplituhedron de-
rive none of the three sectors. The thermodynamic chain closes Einstein’s three ther-
modynamic gaps T1 (probability measure as Haar measure on ISO(3)), T2 (ergodicity
as Huygens-wavefront identity), and T3 (Second Law as strict geometric monotonicity
dS/dt = (3/2)kB/t > 0), dissolves Loschmidt’s 1876 reversibility objection structurally,
and dissolves Penrose’s 10−10123 Past Hypothesis as a theorem. (5) Lagrangian genera-
tion: LMcG = Lkin+LDirac+LYM+LEH is unique, simplest, and most complete; twistor
space and the amplituhedron generate no comparable Lagrangian. Develops the conver-
gence with Penrose’s foundational-light-rays programme via direct quotes from Penrose
1967, 1971, 1980, and 2015: Penrose’s “focal intersection of light rays through a point”
is the McGucken Sphere viewed from the receiver side, with each event the apex of one
Sphere (source-side reading) and the focal intersection of all incoming Spheres (receiver-
side reading); the Riemann sphere CP1 at each spacetime point that Penrose identifies
as the family of rays through that point is the spatial-direction parametrization of the
McGucken Sphere centered at that point; the complex structure Penrose called “magi-
cal” is the algebraic marker of x4 = ict. Develops the convergence with Arkani-Hamed’s
“spacetime is doomed” programme via direct quotes from the 2013 amplituhedron pa-
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per, the Cornell Messenger Lectures 2010, the Quanta Magazine interview, and the
2019 Philosophical Society of Washington presentation: Arkani-Hamed’s stated struc-
tural claim that locality and unitarity must be derived from a deeper geometric object
is fulfilled by the McGucken Sphere, whose six-fold geometric locality forces locality
and whose closed-Sphere-chain x4-flux conservation forces unitarity. Develops the com-
plete constructive derivation from dx4/dt = ic to the amplituhedron canonical form:
the Dyson expansion as combinatorial enumeration of intersecting-Sphere chains, each
propagator as x4-coherent Huygens kernel riding a single Sphere, each vertex as Sphere
intersection, loops as closed Sphere chains, the +iϵ prescription as the algebraic signa-
ture of the + in +ic, positivity as the forward direction of x4’s expansion, the BCFW
recursion and positroid cells as McGucken-network combinatorics, the canonical d log
forms as the x4-flux measure, the loop amplituhedron G+(k, n;L) as the closed-Sphere-
cascade enumeration. Closes the originally-flagged structural open problems: explicit
Cutkosky calculation in McGucken-Sphere variables (unitarity cuts open closed x4-
chains), computational equivalence with the amplituhedron canonical form (Huygens
superposition gives Y = CZ; pushforward gives the canonical form), operator-algebraic
translation of microcausality (the McGucken Causal Completion and Local Net), and
the McGucken-informed gravitational twistor string for full Einstein gravity (gravita-
tional twistor data, twistor-string action, Einstein gravity as Sphere-incidence deforma-
tion). Develops the structural justification for the McGucken split between continuous
spatial dimensions and discrete oscillating x4 as the unique configuration that avoids
three failure modes: (a) all four dimensions continuous (failures: continuum infinities,
no quantization scale), (b) all four dimensions discrete (failures: Lorentz-invariance
violation, lattice anisotropy), and (c) three discrete spatial plus one continuous time
(failures: spatial anisotropy, no Compton coupling). The empirical pattern of contem-
porary physics’ open problems is the empirical signature of the missing split. Identifies
the McGucken Sphere as both mathematical foundation (Tier 1: parametrizing twistor
space, organizing scattering amplitudes, supplying the amplituhedron’s canonical-form
summation) and physical atom (Tier 2: the elementary unit of spacetime itself, with
each spacetime event as the apex of one Sphere and the four-manifold as the totality of
these expansions, in exact structural analogy with chemical atoms as the elementary
units of matter).

130


	Introduction
	The McGucken Principle dx4/dt = ic
	Scope, structure, and prerequisites

	Historical and Mathematical Lineage: The Erlangen Programme from Klein to McGucken
	The McGucken Symmetry completes the Erlangen Programme

	Definitions: The McGucken Symmetry, the Seven McGucken Dualities, and the Two Channels
	Foundational Lemmas: From dx4/dt=ic to the Lorentzian Metric, the Poincaré Group, and the Kleinian Structure
	The Principal Theorem: The McGucken Symmetry Generates the Seven McGucken Dualities
	The Seven McGucken Dualities
	Duality One: Hamiltonian / Lagrangian
	Duality Two: Noether / Second Law
	The McGucken entropy formula

	Duality Three: Heisenberg / Schrödinger
	Duality Four: Wave / Particle
	The factor i as algebraic marker of x4-perpendicularity

	Duality Five: Locality / Nonlocality
	Duality Six: Rest Mass / Energy of Spatial Motion
	Duality Seven: Time / Space
	Master Classification of the Seven McGucken Dualities
	Why the Seven McGucken Dualities Are Fascinating, Deep, and Unique
	One physical source
	Physical underpinning, not formal equivalence
	Each duality has two channels and an invariant bridge
	Cross-domain reach
	Generated by symmetry, not stipulated
	They explain why physics is dual at all
	The Noether/Second-Law duality dissolves the Loschmidt paradox
	They reinterpret quantum mechanics as projection geometry
	Quantum mechanics is overdetermined by Hamiltonian and Lagrangian derivations from one physical fact dx4/dt = ic
	They reinterpret relativity as projection of x4-expansion
	The catalog is closed
	They are ordered from abstract dynamics to physical existence
	Duality becomes foundational, not incidental
	They are Kleinian: each preserves a precise invariant
	They make symmetry physical, not abstract
	They suggest empirical extensions to the dark sector and gravity
	Master comparison: the fifteen factors that make the Seven McGucken Dualities fascinating, deep, and unique
	Formal definition and uniqueness theorem
	Compact statement

	Completeness of the Seven McGucken Dualities
	Uniqueness of the McGucken Symmetry
	Foundational requirements

	Closure of the Seven McGucken Dualities
	The Kleinian-pair criterion
	Categorical content of the closure theorem

	The McGucken Symmetry as the Father Symmetry of Physics
	Definition of the McGucken Symmetry as foundational generator
	Theorems of priority
	Hierarchy of symmetries: the family tree
	The hierarchy ladder of physical symmetries
	Direct comparison: each symmetry's relation to the McGucken Symmetry
	The father-symmetry criterion
	Conventional symmetry versus McGucken symmetry
	The depth ladder: the McGucken Symmetry has reached level 4
	Symmetry, conservation, and the McGucken origin of each conservation law
	Particle properties as McGucken-symmetry invariants

	The McGucken Lagrangian: Uniqueness, Simplicity, and Completeness
	The McGucken Lagrangian
	Sector-uniqueness theorems
	The four-fold uniqueness theorem
	Three-fold optimality
	Three-fold completeness
	Comparison with the eight canonical Lagrangians of the 282-year tradition
	The seven-duality test as decisive structural test

	The McGucken Dark Sector: Dark Energy and Dark Matter as Two Phases of One Fourth-Dimensional Expansion Reservoir
	The generalized expansion field
	The McGucken Dark Sector
	Why dark matter is the harder test
	Energy bookkeeping
	Dark energy versus dark matter in the McGucken interpretation
	Cosmological numerical estimates
	Possible destinations of x4-rate drift energy
	The McGucken dark-matter criterion
	Empirical predictions of the McGucken Dark Sector
	Phenomenology of a time-dependent x4-expansion rate
	Slowing versus speeding of x4
	Formal phenomenology theorem

	Gravity and anti-gravity from x4-rate drift
	Ordinary gravity versus McGucken drift gravity
	Sign of the x4-rate effect

	Curvature amplification of x4-rate drift
	Curvature amplification regimes
	Physical consequences of curvature-amplified drift

	Numerical dark-sector fit from a small x4-rate drift
	Connection to the galactic acceleration scale
	Compact numerical result

	Quantitative cosmology-units derivation
	The minimal drift ansatz
	Cosmological inputs and derived quantities
	Dark energy channel
	Cold dark matter channel
	Total dark sector and the dark-energy/dark-matter split
	Master units table
	The accumulation problem and the correct interpretation of Cyr
	Gravity / anti-gravity sign rule
	Curvature amplification: why x4-drift has greater leverage near mass


	Empirical Predictions: The Compton-Coupling Diffusion and the Dark-Sector Equation of State
	Tests at the foundational level
	Compton-frequency residual diffusion
	Cosmological holography signature
	Empirical hierarchy

	Why the McGucken Symmetry Was Hidden: The 154-Year Misreading of x4=ict as Coordinate Convention
	Comparison with Major Physical Theories: The McGucken Symmetry as the Unique Foundation Reaching Derivational Level Four
	Master comparison table
	Condensed scorecard: what each framework derives
	The sharpest difference: what the McGucken Symmetry does beneath each existing theory
	Physical-fact comparison: which foundations begin with a physical fact?

	The Physical Underpinning Theorem: The McGucken Symmetry Is a Statement About Physical Reality, Not a Mathematical Convention
	Physical versus formal foundations: comparison
	Decisive formulation

	The Origin and Importance of Symmetry: Symmetry Is the Formal Expression of Physical Invariance Under dx4/dt=ic
	Why symmetry matters: roles of symmetry under the McGucken Symmetry
	Symmetry as physical memory
	Symmetry preserved versus symmetry broken

	Relation to Standard Physics: The McGucken Symmetry Supplies the Physical Foundation Beneath Standard Postulates
	Formal Summary of Proofs: Thirty-Two Theorems Descending from dx4/dt=ic
	Three additional definitions: physical invariant, symmetry of a physical fact, McGucken Symmetry Group
	The criterion of victory
	The Final Symmetry Theorem: symmetry is the formal expression of physical invariance
	The Final Theorem: the McGucken Symmetry is the Father of Physical Symmetry

	Standard Result Versus McGucken Status: Postulates of Standard Physics as Theorems of the McGucken Symmetry
	Step-by-Step Derivation Diagram: From dx4/dt=ic to the Seven McGucken Dualities of Physics
	The Physical Origin of the McGucken Principle: My Intuition Made the Mathematics Visible
	The Princeton Origin: Wheeler, Peebles, Taylor, and the Heroic-Age Tradition
	The 1998 Dissertation: First Formal Articulation in Appendix B
	Wheeler's Commission: The Time Part of the Schwarzschild Metric
	The Heroic-Age Tradition: Physical Models Over Mathematical Formalism
	The Three Logically-Simple Proofs of the Principle
	Seeing the Expanding Sphere
	Reasoning Physically About Entropy and Thermodynamics
	Reasoning Physically About Length Contraction, Time Dilation, and Relativistic Inheritance
	The Photon's Paradox: Stationary in x4 While Moving at c
	Unfreezing the Block Universe
	The Photon's Compton Oscillation: Quantum Mechanics from x4
	Physical Intuition Preceded Formal Mathematics

	Conclusion
	References

