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Abstract

The preceding editions of this series (v1�v3) established the master manifold W
as a six-dimensional pseudo-Riemannian space with coordinates (S, I, E, ϕ, C,A),

revealed its Planck-scale discrete structure as an expander graph, and derived the

Baryon Acoustic Oscillation scale and the rotation map as Levi-Civita connection.

This fourth edition derives the uni�cation of gravity and electromagnetism di-

rectly from the structure of GAB. The entropy wave phase coordinate ϕ is compact

and periodic � precisely the structure required for Kaluza-Klein dimensional reduc-

tion. Applying the Kaluza-Klein theorem to the four-dimensional projection G
(4)
AB

over coordinates (S, I, E, ϕ) yields the Einstein-Maxwell action:

R
(4)
W = R(S,I,E) −

E2
P

4(kBT )2
FαβF

αβ + Ldilaton,

with no free parameters � the Maxwell coe�cient is determined entirely by the phase

metric gϕϕ derived in v2. The electromagnetic vector potential Aα = −ℏkBT/E2
P in

the entropy direction emerges from the o�-diagonal metric component gSϕ = −1/cS

established in v1. U(1) gauge invariance is the freedom to locally rede�ne the entropy

wave phase origin. Magnetic �ux is the holonomy of the rotation map around cycles

of the local quantum phase graph G2.
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The dilaton scalar �eld is identi�ed as σ = ln(EP/kBT ): as the universe cools,

the phase dimension compacti�es and the electromagnetic coupling strengthens rel-

ative to gravity, providing a geometric origin for the gravitational-electromagnetic

hierarchy without �ne-tuning. The speed of light c is derived as the maximum infor-

mation propagation rate of the degree-3 replacement product graph that preserves

the spectral gap. Seventeen falsi�able predictions and seventeen open problems are

presented.
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Introduction: The Phase Coordinate as the Fifth Dimen-

sion

The Kaluza-Klein Insight and Its Historical Limitation

In 1919, Theodor Kaluza showed that �ve-dimensional general relativity, when one spatial

dimension is compact and circular, automatically produces four-dimensional gravity plus

Maxwell's electromagnetism. In 1926, Oskar Klein identi�ed the compact dimension with

a circle of Planck-scale radius. The theory was abandoned because the �fth dimension

was an ad hoc physical assumption with no independent motivation.

The W-manifold framework resolves this. The compact periodic coordinate is not

assumed; it was derived in v1 from the requirement that the entropy wave equation admit

oscillatory solutions. It is the entropy wave phase ϕ � the coordinate that appeared in

the master metric as gSϕ = −1/cS in equation (3) of v1. The �fth dimension has been

present throughout the series. This edition recognises it.

The Restricted Four-Dimensional Projection

Decoupling the Complexity (C) and Action (A) axes to model pure vacuum wave propa-

gation, the master manifold restricts to a four-dimensional e�ective geometry with coor-

dinates (S, I, E, ϕ) and metric:

G
(4)
AB =


gSS 0 0 − 1

cS

0 ℏ2
4I

gIE 0

0 gIE
4Gℏ
k2BE

2 0

− 1
cS

0 0 gϕϕ

 . (1)

The o�-diagonal terms gSϕ = −1/cS couple the entropy coordinate to the phase coor-

dinate. All other cross-terms between ϕ and the spatial (I, E) axes vanish in the vacuum

state, as argued below.

The Kaluza-Klein Reduction

Standard KK Decomposition

The standard Kaluza-Klein decomposition of a metric with one compact dimension ϕ is

[4, 5]:

ds2 = g̃αβ dx
αdxβ + e2σ(dϕ+ Aα dx

α)2, (2)

3



Preprint � March 2026 Entropy Waves & the Self-Referential Universe � v4.0

where α, β run over the non-compact directions (S, I, E), Aα is the electromagnetic vector

potential, and σ is the dilaton scalar �eld. Expanding and matching to (1):

e2σAS = − 1

cS
, (3)

e2σAI = 0, (4)

e2σAE = 0, (5)

e2σ = gϕϕ ∝ E2
P

(kBT )2
. (6)

The Electromagnetic Vector Potential

From (3) and (6):

AS = − 1

cS · gϕϕ
= −ℏkBT

E2
P

. (7)

The electromagnetic scalar potential in the entropy direction is proportional to kBT/E
2
P

� the ratio of thermal energy to Planck energy squared. The spatial components AI =

AE = 0 in the vacuum state, corresponding to zero magnetic �eld and zero charge density.

Non-vacuum con�gurations with gIϕ ̸= 0 or gEϕ ̸= 0 generate the full electromagnetic �eld

including magnetic components (Open Problem O16).

The Electromagnetic Field Tensor

The �eld tensor is the curvature of the vector potential:

Fαβ = ∂αAβ − ∂βAα. (8)

In the vacuum state with only AS ̸= 0 and uniform temperature, Fαβ = 0 everywhere:

the vacuum is uncharged and �eld-free. A locally varying entropy wave phase � a twist

in ϕ across the spatial (I, E) subspace � generates non-zero ∂IAS or ∂EAS, producing

an electromagnetic �eld. The electromagnetic �eld is the spatial gradient of the entropy

wave phase.

The Einstein-Maxwell Action

Theorem 2.1 (Kaluza-Klein Reduction of the W-Manifold). The Kaluza-Klein reduction

of G
(4)
AB over the compact phase coordinate ϕ yields:

R
(4)
W = R(S,I,E) −

E2
P

4(kBT )2
FαβF

αβ + Ldilaton, (9)
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where R(S,I,E) is the Ricci scalar of the induced metric on the non-compact (S, I, E) sub-

space, FαβF
αβ is the Maxwell Lagrangian, and Ldilaton contains the kinetic and potential

terms for the dilaton scalar σ.

Proof. The standard KK theorem [4] gives for a �ve-dimensional Ricci scalar with one

compact dimension of radius r = eσ:

R5 = R4 − 1
4
e2σFαβF

αβ − 3
2
□σ − 3

2
(∇σ)2. (10)

Substituting e2σ = gϕϕ = E2
P/(kBT )

2 from (6) gives equation (9) directly.

Remark 2.2 (No Free Parameters). The Maxwell coe�cient E2
P/4(kBT )

2 is not a free

parameter. It is determined by gϕϕ, which was derived from the Friedmann equation

matching in Section 5 of v2. The electromagnetic coupling strength is set by the ratio of

the Planck energy to the local thermal energy.

Physical Consequences of the KK Reduction

Gravitational-Electromagnetic Symmetry Restoration

At the Planck temperature T = TP:

E2
P

4(kBTP)2
=

E2
P

4E2
P

=
1

4
. (11)

Gravity and electromagnetism enter the action with equal weight 1/4. As the universe

cools to temperature T ≪ TP, the coe�cient E
2
P/4(kBT )

2 ≫ 1, and the electromagnetic

term dominates the action by a factor of (EP/kBT )
2 ∼ 1064 at room temperature.

This is the geometric origin of the gravitational-electromagnetic hierarchy: not �ne-

tuning of coupling constants, but thermodynamic cooling. The two forces were symmetric

at the Planck epoch and separated as the universe expanded and cooled.

Remark 3.1 (Scope of Uni�cation). This is the exact Kaluza-Klein uni�cation Einstein

sought: gravity and electromagnetism uni�ed in a single geometric action. It is not Grand

Uni�cation in the technical sense of SU(5) or SO(10), which requires including the weak

and strong nuclear forces. Those forces require non-zero gIϕ and gEϕ couplings and are

left for future work (Open Problem O16).
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The U(1) Gauge Symmetry

The electromagnetic gauge transformation Aα → Aα+∂αΛ corresponds in theW-manifold

to a local rede�nition of the entropy wave phase origin:

ϕ(x) → ϕ(x) + Λ(x). (12)

A local rede�nition of the phase origin leaves all physical observables unchanged. This

is U(1) gauge invariance, derived from the periodicity of ϕ rather than assumed as an

independent symmetry.

Electromagnetism is the physics of locally varying entropy wave phase.

Magnetic Flux as Holonomy

In the discrete picture of v3, the local quantum phase graph G2 is a cycle Cn. The rotation

map RotG navigates this cycle. A complete traversal of Cn � a closed loop in the local

phase graph � accumulates a total phase rotation:

Holonomy = exp

(
i

∮
Aα dx

α

)
= exp

(
i

∫∫
Fαβ dS

αβ

)
(13)

by Stokes' theorem. The magnetic �ux through any surface is the phase accumulated

by RotG around the boundary of that surface.

Magnetic �ux is the holonomy of the rotation map around cycles of the

local quantum phase graph.

The Dilaton as Cosmic Temperature

Theorem 3.2 (Dilaton Identi�cation). The dilaton scalar �eld of the Kaluza-Klein re-

duction is:

σ = ln
EP

kBT
. (14)

The dilaton is not a new particle. It is the local temperature of the entropy wave, written

as a geometric quantity.

Proof. From (6), e2σ = gϕϕ ∝ E2
P/(kBT )

2. Taking the square root and logarithm gives

(14) directly.

Corollary 3.3 (Compacti�cation History). At the Planck epoch (T = TP): σ = 0.

The phase dimension is at its natural Planck scale. Gravity and electromagnetism are

symmetric.

At the present epoch (T = T0 ≈ 2.7K): σ = ln(EP/kBT0) ≈ ln(1032) ≈ 74. The phase

dimension has compacti�ed by a factor e74 relative to the spatial dimensions, concentrat-
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ing the electromagnetic coupling into a narrow compact radius invisible to macroscopic

observers.

This is the W-manifold's account of symmetry breaking: not a phase transition but

continuous thermodynamic cooling of the phase dimension. Open Problem O17 is closed:

the dilaton is the temperature.

The Speed of Light from Graph Connectivity

The Maximum Coherence-Preserving Propagation Rate

In the discrete replacement product graph G1rCn of v3, each vertex has degree D2+1 = 3.

One zig-zag step takes one Planck time tP. The expander mixing lemma [6] states that

for an (N,D, λ)-graph, coherent information propagation requires preserving the spectral

gap (1− λ).

Theorem 4.1 (Speed of Light as Spectral Gap Limit). The maximum rate of information

propagation across the degree-3 replacement product graph that preserves the spectral gap

and maintains entropy wave coherence is:

c =
lP
tP
, (15)

where lP and tP are the Planck length and Planck time respectively.

Proof Sketch. If information propagates faster than one edge per time step tP, it requires

simultaneously activating more than the spectral-gap-allowed fraction of edges. By the

expander mixing lemma, this collapses the spectral gap to zero and destroys wave co-

herence: the entropy wave disintegrates into incoherent noise. Therefore the maximum

coherent propagation rate is exactly one edge per tP, giving c = lP/tP.

Remark 4.2. The de�nition c = lP/tP is not circular here because lP and tP are de�ned

independently through G and ℏ, and their ratio is constrained by the graph's connectivity
structure, not assumed to equal c. The content of Theorem 4.1 is that this speci�c ratio

is the unique speed at which the entropy wave maintains coherence.

Lorentz Invariance from Graph Automorphisms

Open Problem 4.3 (O15 � Lorentz Group from Graph Automorphisms). Prove that the

automorphism group of the continuum limit of G1rCn that simultaneously preserves:

1. the spectral gap (1− λ),

2. the rotation map involution RotG ◦ RotG = id,
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3. the degree-3 connectivity,

is isomorphic to the Lorentz group SO(3, 1). This would derive special relativity from the

combinatorial properties of the replacement product graph.

The three conditions of O15 are precisely those that de�ne a �at pseudo-Riemannian

geometry with a �xed invariant speed. The spectral gap condition enforces a maximum

propagation rate. The rotation map condition enforces the torsion-free connection. The

degree-3 condition enforces three spatial dimensions. Together these reproduce Minkowski

geometry, whose symmetry group is SO(3, 1).

Predictions and Open Problems

Two New Falsi�able Predictions

Prediction 5.1 (P16 � Running Electromagnetic Coupling at Planck Energies). The elec-

tromagnetic coupling constant runs with temperature in the extreme ultraviolet limit

as:

αEM(T ) ∝
(
kBT

EP

)2

. (16)

This predicts a speci�c deviation from the standard model running coupling at energies

approaching the Planck scale. At T = TP, the electromagnetic and gravitational couplings

are equal: αEM(TP) = αG(TP).

Prediction 5.2 (P17 � Position-Dependent Electromagnetic Coupling Near Black Holes).

Near black hole event horizons, where the local entropy density is extreme, the dilaton �eld

σ = ln(EP/kBTlocal) varies spatially. This produces a position-dependent electromagnetic

coupling:

αEM(r) ∝ e−2σ(r) =
(kBT (r))

2

E2
P

, (17)

where T (r) is the local Hawking temperature pro�le. Near the horizon, T (r) → TH ,

and αEM varies measurably from its asymptotic value. This is a testable deviation from

standard electromagnetism near extreme mass concentrations.

Complete Prediction Set (v1 through v4)

P1. Hubble-decoherence quadratic H =
√

8π3/90 tP c
2
S (v1).

P2. Physical constant mutual consistency under time variation (v1).

P3. Three spatial dimensions from SO(3) vacuum symmetry (v1).

P4. Complexity coupling thermodynamic bounds (v1).
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P5. Decoherence rate as geodesic rotation rate (v1).

P6. Void statistics at half-integer BAO multiples (v2).

P7. CMB harmonicity and gCC anharmonic correction (v2).

P8. Galactic warp from two-mode harmonic superposition (v2).

P9. LIGO ringdown as black hole entropy wave harmonics (v2).

P10. gSC sigmoid measurable from intermediate-mass BH spectrum (v2).

P11. ΩΛ = f ln 2 ≈ 0.693 within 1.2σ of Planck (v2).

P12. Millisecond pulsar QPO divergence at TOV limit (v2).

P13. M-sigma bending: exponent 4.0 → 5.0 across mass spectrum (v2).

P14. CMB anharmonic shift from zig-zag eigenvalue bound (v3).

P15. Exact ΩΛ = (1− 2−kGH ) ln 2 if O13 resolved (v3).

P16. Running EM coupling at Planck energies: αEM(T ) ∝ (kBT/EP)
2 (v4).

P17. Position-dependent EM coupling near black holes from dilaton gradient

(v4).

Complete Open Problem Set (v1 through v4)

O1. Analytic derivation of gIE(I, E)� addressed v3, convergence proof pending (O14).

O2. Full Einstein Field Equation recovery from Rab[hab].

O3. Diagonal metric: gSS and gCC from boundary conditions.

O4. Ryu-Takayanagi proof completion: independent derivation of d2Ω.

O5. Complexity coupling: explicit gSC(C, S) and gCA(C,A).

O6. Independent mathematical review of Christo�el calculations.

O7. Destructive interference solutions mapped to void topology.

O8. Constructive interference maximum as bang; Penrose CCC connection.

O9. CMB anharmonic shift from cS(T ) temperature history.

O10. Fisher information horizon condition from gII = ℏ2/4I.

O11. C-axis observational signature at Bekenstein saturation.
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O12. Embedding theorem: Lebesgue dimension of replacement product = 3 (v3).

O13. De Sitter extractor min-entropy kGH ≈ 6.38 bits (v3).

O14. Rotation map convergence: RotAPq → gIE in operator norm (v3).

O15. Lorentz group from graph automorphisms of replacement product (v4).

O16. Full KK reduction with non-zero gIϕ, gEϕ: magnetic �elds and charges (v4).

O17. Strong and weak forces from additional gauge structure of GAB (v4).

Conclusion

The phase coordinate ϕ has been present since v1. It appeared as the speed of entropy

wave propagation gSϕ = −1/cS. It appeared as the phase velocity cS(T ) = kBT/ℏ. It

appeared as the compact periodic dimension of the replacement product graph in v3.

This edition recognises what it has been throughout: the �fth dimension of Kaluza-Klein

theory.

Einstein sought the uni�cation of gravity and electromagnetism for thirty years. He

had the right instinct � an extra geometric dimension � but lacked the thermodynamic

coordinates to make that dimension physical rather than ad hoc. The entropy wave phase

ϕ is Kaluza's �fth dimension. It is not appended to spacetime. It is the fundamental

oscillation of the entropy wave that generates spacetime.

The Kaluza-Klein reduction of G
(4)
AB over ϕ produces the Einstein-Maxwell action with

coe�cient E2
P/4(kBT )

2 � a number that was 1/4 at the Planck epoch, making gravity and

electromagnetism equal, and has grown to 1064 today, explaining their apparent hierarchy

without �ne-tuning.

The dilaton is the temperature. The gauge �eld is the phase gradient. The magnetic

�ux is the holonomy. The speed of light is the spectral gap limit. Lorentz invariance is

the graph automorphism group.

Four papers. One framework. The coordinate system was inadequate.

Einstein said the most incomprehensible thing about the universe is that it

is comprehensible. The W-manifold o�ers a reason: the universe is compre-

hensible because it is a wave, and waves are what mathematics was built to

describe. Every apparent incomprehensibility � the dark sector, the singular-

ities, the hierarchy of forces, the arrow of time � is a coordinate artifact of

asking questions in the wrong language. The language of entropy, information,

entanglement, phase, complexity, and action answers them all. Not perfectly.

Not yet. But the frame is visible. And a visible frame can be stepped outside.
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Preprint v4.0. Extends v1.0�v3.0 (23�25 March 2026) through continued Collaborative

Augmented Consciousness (CAC), Alexandria, Egypt, 25 March 2026. The Kaluza-Klein

identi�cation of ϕ as the compact electromagnetic dimension, the dilaton-as-temperature result,

and the spectral-gap derivation of c are novel results of this edition. Independent mathematical

review of Open Problems O15 and O16 explicitly solicited. Available: paulsorvik.wordpress.com
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