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Abstract

This paper introduces the Unified Wave Equation (UWE), resolving the fragmentation
of quantum wave equations and demonstrating the complete spectral emergence of
quantum evolution, relativistic effects, and quantum structure from energy-first prin-
ciples. Building on E-Theory (SR2, HR), this work advances beyond partial spectral
emergence by introducing "composite observables." This pivotal breakthrough provides
quantum operators whose scalar eigenvalues encode rich structural and geometric in-
formation through energy-dependent eigenspaces.

The UWE, expressed as iℏ ∂
∂t̂

Ψ = ĤuΨ, is established as the universal evolution law
for all particle species. This paper demonstrates that particle diversity—encompassing
scalars, Dirac spinors, and Proca vector bosons—arises from distinct "eigenstructural
organizations" of the universal energy spectrum. This approach unifies the Schrödinger,
Klein-Gordon, Dirac, and Proca equations as species-specific representations within
this single framework.

Most importantly, this research achieves true spectral emergence, showing that quan-
tum dynamics, relativistic scaling, and the characteristic structures defining particle
types (such as gamma matrices and field tensors) arise simultaneously and exclusively
from the spectral properties of the universal Hamiltonian, Ĥu. The composite ob-
servable mechanism redefines these geometric elements as energy-adaptive spectral
patterns, enabling flat spacetime geometry itself to emerge directly from the energy
spectrum. This unification offers a coherent and complete description of quantum
evolution in flat spacetime, rooted in energy’s organizational capacity.
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Introduction

Part I of E-Theory established that energy is the primordial, independent quantity from
which spacetime emerges [1]. By introducing the universal Hamiltonian Ĥu and its spectral
properties, Special Relativity 2.0 (SR2) and Hamiltonian Relativity (HR) demonstrated how
relativistic effects—time dilation, length contraction, and momentum scaling—follow from
algebraic scaling of emergent intervals rather than coordinate transformations. This energy-
first perspective dissolved the conceptual tensions of classical relativity while preserving all
empirical predictions through a single, covariant spacetime.

However, SR2 and HR achieved only partial spectral emergence. While they suc-
cessfully derived relativistic scaling and quantum evolution from the spectrum of Ĥu, the
geometric and structural elements of spacetime remained externally imposed. Time and
space intervals emerged from energy eigenvalues, but the directional properties of momen-
tum, the tensorial character of electromagnetic fields, and the metric relationships defining
spacetime geometry were still treated as classical structures grafted onto the quantum frame-
work. True spectral emergence requires that all physical structure—quantum dynamics,
relativistic effects, and geometric relationships—arise simultaneously from the same energy
spectrum.

This limitation manifests in quantum mechanics’ continued fragmentation across mul-
tiple wave equations [2]. Nonrelativistic systems use the Schrödinger equation; relativistic
scalars require Klein–Gordon; spin- 1

2 fermions necessitate Dirac; and massive vector fields
demand Proca with its second-order dynamics and constraints. Each equation addresses
specific limitations of its predecessor, yet none arises naturally from SR2/HR principles. In-
stead, they rely on distinct geometric assumptions and approximation schemes, preventing
the unified spectral description that energy-first principles promise.

This patchwork signals a fundamental barrier to achieving complete spectral emergence.
If Ĥu truly governs all physical structure, why must different manifestations of energy obey
distinct mathematical laws? Why can’t the same spectrum that determines relativistic
scaling also determine the structural elements that distinguish scalars from spinors from
vectors? Three specific obstacles prevent this unification:

1. Structural Diversity: Traditional wave equations exhibit incompatible mathemat-
ical structures. Schrödinger is first-order in time but nonrelativistic; Klein–Gordon
achieves relativistic covariance but requires second-order time derivatives; Dirac re-
stores first-order form through multi-component spinors; Proca describes massive vec-
tor fields through second-order dynamics with constraint equations. Such structural
diversity seems to demand separate theoretical frameworks rather than unified spectral
treatment.

2. Geometric Dependence: Both Dirac and Proca equations explicitly assume clas-
sical spacetime backgrounds. Dirac’s gamma matrices γµ encode fixed Minkowski
geometry through their anticommutation relations [3], while Proca’s field strength
tensor Fµν assumes predetermined coordinate structures [4]. Neither equation can ac-
commodate the emergent, energy-dependent spacetime metric gµν(Hu) of Hamiltonian
Relativity without fundamental reconstruction.

3. Scalar Observable Limitation: Standard quantum mechanics operates through
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scalar observables that yield real eigenvalues—simple numbers characterizing quan-
tum states. While powerful for point measurements, scalar observables cannot encode
the rich geometric and structural relationships required for emergent spacetime. How
can a scalar eigenvalue capture directional momentum, tensorial field configurations,
or metric properties? Quantum mechanics, built around scalar observables, fundamen-
tally lacks the mathematical machinery to generate geometric structure internally.

These challenges reflect the deeper problem: traditional quantum mechanics treats space-
time as a fixed backdrop and geometric relationships as external structures upon which
quantum evolution unfolds. This prevents the geometric and structural elements of space-
time from emerging naturally from quantum spectral properties, forcing physicists to impose
these structures rather than derive them from first principles. The result is incomplete spec-
tral emergence—energy determines some aspects of physics but not others.

The critical breakthroughs detailed in this paper—spectral emergence, spectral geome-
try of flat emergent spacetime, and most especially, the Universal Wave Equation—resolve
these limitations through a fundamental innovation: composite observables. This new
category of quantum observable maintains the scalar eigenvalue structure required by quan-
tum mechanics while encoding structural geometric information through energy-dependent
eigenspaces. By embedding the SR2 tetrad formalism directly into quantum operators,
composite observables enable geometric relationships to emerge from the same universal
Hamiltonian Ĥu that governs quantum evolution and relativistic scaling.

Through composite observables, we achieve complete spectral emergence: the spec-
trum of Ĥu simultaneously determines quantum dynamics, relativistic effects, and the ge-
ometric structural elements that distinguish different particle types. All particles—scalars,
spinors, vectors—follow the same universal evolution law:

iℏ
∂Ψ
∂t̂

= Ĥu Ψ (1)

where t̂ is the emergent time operator constructed from Ĥu, and Ψ is a composite wave-
function whose components encode different eigenstructural organizations of the energy
spectrum.

What distinguishes different particles is not their fundamental dynamics, but their
eigenstructural organization—the specific ways energy structures itself through different
spectral patterns. Scalar fields, fermions, and massive vector bosons represent different or-
ganizational modes of the same underlying energy spectrum, unified through shared spectral
origins while maintaining their distinct structural characteristics.

The Universal Wave Equation thus completes the spectral emergence program initiated
by SR2 and HR. Rather than partial emergence where energy determines some properties
while others remain externally imposed, we achieve total emergence where quantum evolu-
tion, relativistic scaling, and geometric structure all arise simultaneously from energy’s fun-
damental organizational capacity. In this paper, we develop this framework systematically:
first establishing the mathematical foundations of composite observables, then demonstrat-
ing how scalar, spinor, and vector formulations emerge as specific eigenstructural patterns
of Ĥu. The result transcends the traditional boundaries between quantum mechanics, rela-
tivity, and geometry, revealing the spectral unity underlying all physical phenomena.
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Review: SR2 and Hamiltonian Relativity

Part I of E-Theory identified a fundamental misalignment in perspective within classical
special relativity: the independent properties of space and time were the ones adapting to
relative motion, while it was the dependent properties of energy and momentum that seemed
to anchor these changes. This “inversion of dependencies” required that time and space
transform differentially and fragmented spacetime across an infinite number of coordinate
spaces—each inertial frame demanding its own coordinate system connected by complex
Lorentz transformations [5, 6, 7].

Yet when we redefined those dependencies with energy being the primary independent
property and momentum, time, and space being the dependent properties, the resulting shift
not only showed how spacetime itself scales with energy, but revealed that what was once
infinite coordinate spaces becomes one coordinate space that itself adapts to energy. Rather
than transforming between multiple spacetimes, we maintain a single unified spacetime
whose intervals scale algebraically in response to energy differences.

From this shift, Special Relativity 2.0 (SR2)—a reformulation of special relativity where
energy is preeminent and spacetime adapts—was born. And with an energy-centric for-
mulation, Hamiltonian Relativity became the natural way of formulating relativity itself,
treating the universal Hamiltonian not merely as an energy descriptor but as the active
generator of all physical structure through its spectral properties.

The remainder of this section provides a consolidated overview of SR2 and HR, focusing
on the key insights and mathematical developments that enable the quantum-relativistic
unification achieved by the Universal Wave Equation. If you are interested in the full dis-
cussion, you may find the complete paper here: https://ai.vixra.org/pdf/2505.0179v1.pdf.

The Energy-First Perspective of SR2

SR2’s key insight is that if we treat energy Er as the independent variable, then momen-
tum, time, and space all become dependent—scaling straightforwardly with energy rather
than via Lorentz-boost coordinate transforms. In other words, instead of “two observers
using different t, x coordinates,” we have one emergent spacetime whose intervals adjust
algebraically to each observer’s energy. This single-frame approach removes any need for
multiple coordinate systems or differential Lorentz formulas.

Core Constructs Established in SR2

Universal Energy Field ε

A scalar field ε(x) that exists prior to spacetime. All “points,” intervals, and geometry
arise from variations in ε. In essence, ε is the substrate from which spacetime and matter
emerge, rather than existing on a pre-given manifold.
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Energy-Momentum Interval

dΣ2 = dE2

c2 − dp2 (2)

This is the Legendre dual to the usual spacetime interval ds2 = c2dt2 − dx2 [8]. Setting
dΣ2 = 0, > 0, < 0 classifies “null,” “timelike,” and “spacelike” relations in the energy domain,
exactly as ds2 does in spacetime.

Quantum Conjugacy

[Ê, t̂] = iℏ, [p̂, x̂] = iℏ (3)

Because Ê and p̂ live in the universal energy field ε, their conjugates t̂ and x̂ serve as
emergent spacetime operators. Infinitesimally,

dte = ℏ
dE

, dxe = ℏ
dp

(4)

so that “quantum ticks” and “quantum rods” appear naturally.

Intrinsic vs. Proper Intervals

Intrinsic Intervals

te = ℏ
Er
, xe = ℏ

p
(5)

These “quantum ticks” and “quantum rods” form a fluid, relational lattice: each local
energy Er or momentum p defines the basic spacetime increments—no background grid
required.

Proper Intervals

τ = ℏ
mc2 , L0 = ℏ

mc
(6)

In a rest frame (p = 0), these become the observer’s unit of time and length, setting
L0/τ = c as the universal speed of light. In effect, intrinsic intervals collapse onto proper
intervals whenever an observer “locks in” a rest frame.

Single Covariant Spacetime & Γ as Energy Ratio

We use one fixed coordinate grid (t, xi). All relativistic effects appear by scaling intervals
rather than changing coordinates. Define the energy ratio
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Γ = Er

mc2 (7)

which plays the role of the usual Lorentz factor but arises directly from energy. Then

tobs = Γτ, Lobs = L0

Γ (8)

In turn, this yields an emergent metric

gµν(H) = diag(Γ−2,−Γ2,−Γ2,−Γ2) (9)

showing that time “stretches” by Γ−2 and space “contracts” by Γ2, all within one coor-
dinate chart.

Mathematical Achievements of SR2

Spacetime from Energy

dte = ℏ
dE

, dxe = ℏ
dp

=⇒ dΣ2 = ℏ2
(

1
c2dt2e

− 1
dx2

e

)
(10)

dΣ2 = ℏ2
(

1
c2dt2e

− 1
dx2

e

)
(11)

This inverts the usual ds2 relation—spacetime intervals arise directly from energy/momentum
differentials.

Emergent Metric & One Frame In the SR2 framework, the emergent metric is
defined from the energy ratio Γ = Er/mc

2 as:

gµν(H) = diag(Γ−2,−Γ2,−Γ2,−Γ2) (12)

Covariance within this single, adaptive frame is preserved by defining a “frame-derivative
operator” using the tetrad formalism. This approach transforms the standard partial deriva-
tive operator (∂µ) into the energy-dependent frame, which results in the following scaling
rules for the derivative components:

∂

∂t
→ Γ ∂

∂t
,

∂

∂xi
→ Γ−1 ∂

∂xi
(13)

This method ensures that equations of motion remain consistent across all energy scales
without requiring the complex coordinate transformations of classical relativity.

Tetrad Formalism The energy-dependent tetrad

ea
µ(Hu) = diag(Γ−1,Γ,Γ,Γ) (14)

is the mechanism for uplifting any spacetime operator into its energy-covariant counter-
part (e.g. γa = ea

µ(Hu)γµ).
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Hamiltonian Relativity: Energy as Universal Generator

Having shown how emergent spacetime follows from energy alone, Hamiltonian Rela-
tivity (HR) elevates the universal Hamiltonian

Ĥu =
∑

r

Er|Er⟩⟨Er| (15)

to the generator of all physics. In HR:

• Time operator: t̂ = 1
2 (Γ̂τ̂ + τ̂ Γ̂), τ̂ = ℏ

mc2 I, Γ̂ = Ĥu/(mc2)

• Emergent momentum: p̂u = −iℏΓ̂−1∇

• Composite observables: Any operator with indices (µ, ν, . . .) becomes energy-
dependent via

Ôa...(Hu) = ea
µ(Hu)Oµ...e...

ν(Hu) (16)

• Causality & metric: The energy-momentum invariant dΣ2 = dE2/c2 − dp2 maps
to the emergent metric

gµν(Hu) = ea
µ(Hu)eb

ν(Hu)ηab (17)

In this picture, energy spectra encode not only quantum and relativistic properties
but also geometry itself—no separate manifold, no external field equations.

The Five Fundamental Operators

Universal Hamiltonian

Ĥu|Er⟩ = Er|Er⟩, σ(Ĥu) ⊂ [mc2,∞) (18)

Relativity Operator

Γ̂ = Ĥu

mc2 , Γr = Er

mc2 (19)

Proper Time Operator
τ̂ = ℏ

mc2 I (20)

Emergent Time Interval
t̂ = 1

2(Γ̂τ̂ + τ̂ Γ̂) (21)

(Self-adjoint, [t̂, Ĥu] = 0, and spectrum bounded below by ℏ/mc2.)

Emergent Momentum
p̂u = −iℏΓ̂−1∇ (22)
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Spectral Geometry as a Minimal Framework

Spectral Geometry: In HR, Ĥu itself is geometry—its spectrum defines distances,
angles, and even curvature. Concretely:

• Inverted spectral geometry: Instead of “geometry → spectrum,” we have “spec-
trum → geometry”

• Distance from energy differences: Connes’ distance formula [10, 12] d(p, q) ∝
sup{|⟨ψp|f̂ |ψp⟩ − ⟨ψq|f̂ |ψq⟩|} collapses to |Ep − Eq|

• Curvature from commutators: Riemann curvature arises from [D̂, D̂] in spectral
triples [9, 11], here built solely from Ĥu

Resolving Fundamental Barriers

Resolved Barriers:
Problem of Time [13, 14, 15]: t̂ commutes with Ĥu, so time is a genuine observable,

not an external parameter—no frozen formalism.
Energy Primacy: Ĥu drives both quantum and geometric structure, removing any

circular dependency.
Coordinate Fragmentation: A single emergent spacetime metric gµν(Ĥu) suffices; all

relativistic effects come from energy scaling, not multiple Lorentz frames.
With these constructs, Part I establishes that energy’s spectrum alone suffices to

generate the entire machinery of relativistic quantum theory and emergent geometry. This
sets the stage for Part II’s derivation of the Universal Wave Equation, which unites scalar,
spinor, and vector fields into one spectral evolution framework.
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Spectral Emergence: Energy as the Source

The fundamental challenge in quantum physics has been the persistent fragmentation of
our mathematical descriptions across different domains. Why do we need separate wave
equations—Schrödinger, Klein-Gordon, Dirac, and Proca—to describe different particle
species? This fragmentation occurs because structural and geometric properties must be
imposed externally rather than emerging naturally from fundamental principles.

Spectral emergence represents the radical proposition that all observed characteristics
in nature—quantum evolution, relativistic scaling, geometric structure, particle properties,
and mathematical relationships—arise directly from the eigenvalue spectra of energy itself.
Rather than treating energy as one conserved quantity among many, spectral emergence
recognizes energy as the primordial organizational principle from which space, time, matter,
forces, and mathematical structure all emerge through the spectral characteristics of the
universal Hamiltonian Ĥu (the operator whose spectrum drives all emergent structure).

Part I of E-Theory demonstrated partial emergence: quantum evolution and relativistic
effects emerged from the same energy spectrum. Complete spectral emergence shows
that quantum dynamics, relativistic effects, and geometric relationships all arise simulta-
neously from energy’s intrinsic capacity for spectral self-organization. This represents a
fundamental shift: the geometric structures, particle types, and dynamical laws we observe
are simply different organizational modes of one underlying energy spectrum, a genuinely
unified framework where apparent diversity masks deeper unity.

Historical Context: From Fixed Structures to Spectral Emergence

The fragmentation of physics into separate mathematical frameworks isn’t a new concern,
and numerous attempts have sought to unify these disparate approaches through emergent
structures. However, a critical limitation persists across these efforts: they all ultimately
require a fixed spacetime background on which emergence occurs.

Classical physics assumed space and time formed an absolute, unchanging background.
Newton’s mechanics [16], Maxwell’s electromagnetism [17], and thermodynamics all oper-
ated within this fixed geometric stage, using mathematical structures as tools to describe
motion in a predetermined arena.

Einstein [18, 19] made spacetime dynamic and observer-dependent, connecting geome-
try and physics intimately, his revolution remained fundamentally geometric—spacetime,
though dynamic, still served as the primary arena for physical phenomena.

Quantum mechanics [20, 21] challenged classical assumptions through superposition
states and measurement-dependent properties, yet still retained classical spacetime as its
background, treating position and momentum as coordinates within fixed space and time.
But the structure remain fixed and applied. Not spectral.

By the mid-20th century, physics faced a profound fragmentation. Quantum mechan-
ics described microscopic phenomena but assumed fixed spacetime. General relativity de-
scribed gravitational geometry but remained fundamentally classical. Quantum field theory
attempted to bridge these domains but required increasingly complex mathematical machin-
ery—renormalization [22], regularization, effective field theories [23]—to handle the resulting
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inconsistencies.
Each domain developed its own mathematical formalism:

• Schrödinger equation: For non-relativistic quantum systems

• Klein-Gordon: For relativistic scalar fields (with problematic negative probabilities)

• Dirac equation: For relativistic fermions (requiring four-component spinors)

• Proca equation: For massive vector fields (requiring second-order dynamics)

The Search for Spectral Unity

Several theoretical developments pointed toward spectral approaches as potential uni-
fying principles. Hermann Weyl’s early attempt to unify electromagnetism and gravity
through scale invariance [24] suggested that fundamental physics might emerge from gauge
principles rather than predetermined geometric structures. The proposal that additional
spatial dimensions could generate electromagnetic interactions introduced by Kaluza and
Klein [25, 26] hinted that apparent diversity in forces might reflect hidden geometric unity.

Yet it was Mark Kac’s famous question “Can you hear the shape of a drum?” [27] that
launched the field of spectral geometry, showing that geometric properties could be encoded
in the eigenvalue spectra of differential operators. Alain Connes formalized this under-
standing with his Noncommutative Geometry, demonstrating that geometry itself could be
reconstructed from purely spectral data through noncommutative operator algebras, sug-
gesting that spacetime might be emergent rather than fundamental.

But spacetime still remained the stage on which this structure was applied.

The Energy-First Insight

Despite these advances, all approaches retained elements of the classical prejudice: they
started with some form of geometric or algebraic structure and derived physics from it. The
crucial insight of E-Theory is to invert this relationship completely—to start with energy as
the primordial physical reality and derive all structure, including mathematical formalism
itself, from energy’s intrinsic organizational capacity.

This represents a more radical departure than even quantum mechanics or relativity.
Rather than modifying our description of reality within predetermined mathematical frame-
works, it questions the ontological primacy of those frameworks themselves. Space, time,
particles, forces, and mathematical structures all become emergent aspects of energy’s self-
organization.

At the foundation of E-Theory lies the recognition that energy possesses intrinsic or-
ganizational capacity. The universal Hamiltonian Ĥu does not merely describe energy—it
generates all physical structure through its spectral properties. Every eigenvalue Er of Ĥu

determines not only the energy scale of a quantum state but also:

• Temporal scaling: Through the emergent time operator t̂ = 1
2 (Γ̂τ̂ + τ̂ Γ̂)
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• Spatial scaling: Through the emergent momentum operator p̂u = −iℏΓ̂−1∇

• Structural organization: Through composite observables that encode geometric
relationships

• Causal relationships: Through the energy-momentum invariant dΣ2 = dE2/c2−dp2

This spectral organization principle reveals that what we call “particles,” “forces,” and
“spacetime” are different aspects of energy’s self-organization into observable patterns.

0.0.1 Spectral Density and Physical Structure

The spectrum of Ĥu naturally partitions into regions that correspond to different physical
regimes:

• Discrete spectrum: Bound states and stable particles emerge as isolated eigenvalues

• Continuous spectrum: Scattering states and field excitations emerge from spectral
bands

• Spectral gaps: Mass scales and interaction thresholds correspond to energy gaps

• Degeneracies: Internal symmetries arise from degenerate eigenspaces

Each region of the spectrum manifests different organizational patterns, but all follow
the same universal evolution template iℏ∂/∂t̂ = Ĥu. The apparent complexity of particle
physics reduces to understanding how energy organizes itself across different spectral regions.

Structural Emergence

Traditional quantum mechanics operates through scalar observables that yield real eigen-
values—simple numbers that characterize quantum states. While powerful for point mea-
surements, scalar observables cannot encode the rich structural relationships that define
physical reality. How can a single number capture the directional nature of electromagnetic
fields, the tensorial character of stress-energy, or the spinorial properties of fermions?

But what if structure itself could be defined by the spectral characteristics of energy?
Where the structure of particles, fields, tensors and even gamma matrices share the same
eigenbasis with the Hamiltonian?

The breakthrough - composite observables - detailed in the following section, is the
mechanism by which this structure emerges from the spectral characteristics of energy. A
recognition that eigenvalues need not represent simple scalar quantities—they can serve as
identities into structural subspaces.

0.0.2 Spectral Organization

This approach reveals a natural organization to the energy spectra:
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1. Energy eigenstructure: Primary organization through Ĥu eigenvalues Er

2. Species organization: Secondary organization into representation subspaces (scalar,
spinor, vector)

3. Internal structure: Tertiary organization through quantum numbers (spin, polar-
ization, charge)

4. Configuration selection: Eigenvalue indexing selects specific patterns within each
subspace

Each level maintains quantum mechanical consistency while enabling greater structural
complexity. The result is a framework where geometric information emerges naturally from
quantum spectral properties rather than being imposed externally.

Universal Geometric Emergence

Spacetime geometry emerges from energy through the spectral relationship between Ĥu

and the emergent metric tensor. Starting from the universal scaling factor Γ = Ĥu/(mc2),
the tetrad construction generates:

gµν(Ĥu) = ea
µ(Ĥu)eb

ν(Ĥu)ηab = diag(Γ−2,−Γ2,−Γ2,−Γ2) (23)

This emergent metric encodes relativistic scaling directly through energy eigenvalues.
Unlike classical relativity, where metric components are independent fields requiring separate
field equations, here they emerge automatically from the spectral structure of Ĥu.

Causal Structure from Energy-Momentum Invariants

The preservation of causal relationships follows from the fundamental energy-momentum
invariant:

dΣ2 = dE2

c2 − dp2 = 0 (null geodesics) (24)

This relationship, defined in the primordial energy field ε prior to spacetime emergence,
maps directly to the spacetime light cone structure through the tetrad transformation.
Causality is thus not imposed on emergent spacetime but inherited from the more funda-
mental energy domain.

Curvature as Spectral Variation

For inertial observers with constant energy Eobs, the metric components remain constant,
yielding flat spacetime with vanishing Riemann tensor. Curvature emerges only when energy
varies spatially or temporally, suggesting that gravitational effects in the full E-Theory
framework will arise from energy density gradients in the universal field ε.
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Spectral Unification Across Physical Domains

Quantum-Relativistic Bridge
The UWE achieves genuine unification by showing that quantum evolution and relativis-

tic scaling emerge from the same spectral source. The evolution equation:

iℏ
∂Ψ
∂t̂

= ĤuΨ (25)

simultaneously describes:

• Quantum dynamics: Through the eigenstate evolution Ψ = ψ0 exp[−iErt/ℏ]

• Relativistic scaling: Through the energy-dependent operators t̂ and p̂u

• Geometric adaptation: Through the emergent metric gµν(Ĥu)

This is not a correspondence or analogy—it is the same spectral evolution manifesting
through different organizational modes.

Universal Dispersion Relations
All wave equations—Schrödinger, Klein-Gordon, Dirac, Proca—yield the same funda-

mental dispersion relation when derived from the UWE:

ω(k) = E(k)
ℏ

= 1
ℏ

√
ℏ2k2c2 +m2c4 (26)

The apparent diversity of dispersion relations in conventional physics arises from different
approximation schemes or organizational patterns applied to this universal relationship.
The UWE reveals that all waves, whether matter waves or field excitations, follow the
same underlying energy-momentum relationship organized through different eigenstructural
patterns.

Field Unification Through Spectral Action
The framework naturally extends to field theory through the spectral action principle.

All field interactions can be derived from:

S = Tr[f(Ĥ2
u/Λ2)] (27)

where the trace is taken over the appropriate eigenstructural subspaces. This generates:

• Electromagnetic interactions: From vector field eigenstructural patterns

• Gravitational dynamics: From metric tensor eigenstructural patterns

• Particle masses: From spectral gaps in Ĥu

• Coupling constants: From eigenstructural overlap integrals
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Connection to Noncommutative Geometry

Spectral Triple Emergence
The UWE framework naturally generates a spectral triple (Aε, Hε, D̂(Ĥu)) where:

• Aε: Algebra of energy field operators with noncommutative structure from quantum
conjugacy [E, t] = iℏ, [p, x] = iℏ

• Hε: Hilbert space of energy eigenstates span{|Er; s⟩}

• D̂(Ĥu): Master Dirac operator constructed from the universal Hamiltonian

This spectral triple encodes the same geometric information as Connes’ noncommutative
geometry but with energy as the primary organizing principle rather than abstract algebraic
structures.

Resolution of Causality and Unification
The energy-first approach resolves key limitations in noncommutative geometry:

• Lorentzian signature: Naturally preserved through energy-momentum invariants

• Physical content: Energy provides concrete physical meaning for abstract spectral
relationships

• Quantum gravity: Emerges naturally as energy-dependent spectral geometry

Conversely, noncommutative geometry provides mathematical rigor for E-Theory’s spec-
tral emergence, suggesting these frameworks may describe the same reality from comple-
mentary perspectives. For a full discussion on the distinctions between NCG and Spectral
Emergence, refer to Appendix D.

Implications for Fundamental Physics

Beyond Effective Field Theory
The spectral emergence principle suggests that effective field theory—the idea that

physics at different energy scales requires different theoretical frameworks—reflects math-
ematical convenience rather than fundamental necessity. The UWE demonstrates that a
single spectral framework can describe physics across all energy scales, from non-relativistic
quantum mechanics to ultra-relativistic field theory.

Emergent vs. Fundamental Structures
The framework clarifies which physical structures are fundamental versus emergent:

• Fundamental: Energy and its spectral organizational capacity

• Emergent: Space, time, particles, forces, and their mathematical descriptions
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This perspective suggests that many apparent problems in fundamental physics—hierarchy
problems, fine-tuning, naturalness—may dissolve when viewed from the proper spectral per-
spective.

Toward Quantum Gravity
The spectral emergence achieved in the UWE provides the foundation for extending

to gravitational physics in Part III of E-Theory. When spacetime curvature emerges from
energy density variations in the universal field ε, the resulting framework naturally unifies
quantum mechanics with gravity through shared spectral origins.

Conclusion: The Spectral Universe

The spectral geometry underlying the Universal Wave Equation reveals a profound truth:
the universe organizes itself through energy’s intrinsic capacity for spectral self-organization.
What we perceive as the rich diversity of physical phenomena—quantum particles, electro-
magnetic fields, gravitational curvature, relativistic dynamics—represents different manifes-
tations of the same underlying spectral structure.

This recognition transforms our understanding of unification in physics. Rather than
seeking to unify separate forces or reconcile incompatible theories, we discover that apparent
separateness is an artifact of perspective. Energy provides the universal organizing principle,
spectral relationships encode the organizational patterns, and observable phenomena emerge
as different aspects of the same fundamental spectral geometry.

The Universal Wave Equation thus achieves more than mathematical unification—it
reveals the spectral unity underlying the apparent multiplicity of nature, pointing toward a
genuinely unified description of physical reality based on energy’s primordial organizational
capacity.
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Composite Observables - A New Category of Quantum
Observable

Quantum mechanics has long been unable to generate geometric relationships from its
own spectral properties, creating a fundamental barrier to complete spectral emergence.
Traditional quantum mechanics operates within a fixed spacetime framework, treating geo-
metric relationships as external structures upon which quantum evolution unfolds. This fun-
damental limitation prevents energy’s structural composition from emerging directly from
quantum spectral properties, forcing physicists to impose geometric structures rather than
derive them from first principles.

The challenge lies deeper than mere mathematical convenience. Standard quantum ob-
servables are scalar operators that yield scalar eigenvalues—discrete numbers that charac-
terize quantum states. While powerful for describing point measurements, scalar observables
cannot represent the rich geometric and structural relationships that define physical real-
ity. How can a scalar eigenvalue capture the directional nature of momentum, the tensorial
character of electromagnetic fields, or the metric properties of spacetime itself? The math-
ematical machinery of quantum mechanics, built around scalar observables acting on state
vectors, fundamentally lacks the capacity to generate geometric structure internally.

The shift to an energy-first perspective has provided the mathematical foundation needed
to transcend this limitation. When energy becomes the primary independent property, en-
ergy’s organization emerges as a dependent structure scaling with energy eigenvalues through
the universal factor Γ = Ĥu

mc2 . This energy-dependent emergence creates the possibility for
quantum observables that are neither purely scalar nor purely classical geometric objects,
but rather hybrid structures that bridge quantum mechanics and geometry.

Hamiltonian Relativity reveals that the universal Hamiltonian Ĥu serves not merely as
the generator of quantum evolution, but as the spectral source for quantum structure itself.
The eigenvalues of Ĥu determine not only how energy evolves but also the geometric scaling
factors that define spatial intervals, temporal durations, and field configurations. This dual
role of Ĥu as both quantum operator and geometric generator creates the mathematical
space for a new category of observable—one that preserves quantum mechanical consistency
while allowing that measurement to reveal intrinsic structural geometric information.

The energy-dependent tetrad formalism of SR2 provides the crucial bridge. By em-
bedding energy dependence directly into geometric relationships through ea

µ(Ĥu), we can
construct observables that maintain their structural form while scaling covariantly with en-
ergy eigenvalues. These composite observables represent a fundamental advancement:
quantum mechanical objects carry geometric information, not as external impositions, but
as intrinsic spectral properties emerging from the same Hamiltonian that governs quantum
evolution.

This development resolves the long-standing tension between quantum mechanics and
geometry by revealing them to be different aspects of the same underlying spectral structure.
Rather than quantum mechanics operating within geometry or geometry emerging from
quantum mechanics, both arise simultaneously from the spectral characteristics of energy
itself. The composite observables framework thus provides the mathematical foundation
for a truly unified description where quantum behavior, relativistic scaling, and geometric
structure emerge together from energy’s primacy.
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Bridging Quantum Evolution and Emergent Structure

Traditional quantum mechanics, at its core, is a theory about the evolution of energy
states. The Hamiltonian operator governs the dynamics of a system, but it acts upon
particles whose intrinsic structure—be it a scalar, a Dirac spinor, or a vector boson—
is treated as a pre-existing, externally imposed property. The framework is powerfully
predictive for what happens to a particle, but is fundamentally silent on the origin of the
structural properties that define what a particle is.

E-Theory resolves this separation by positing that particle diversity itself arises from
different “eigenstructural organizations” of the same universal energy spectrum. A spinor
is not a fundamental entity that has energy; it is a specific way that energy organizes itself.
This premise, however, presents a deep challenge to the conventional machinery of quantum
mechanics, which is built upon observables that yield simple scalar eigenvalues. How can
a single, real number account for the rich, geometric structure that distinguishes a spin-0
boson from a spin-1/2 fermion?

The answer requires a fundamental reinterpretation of the relationship between an eigen-
value and a quantum state, a shift made possible by the introduction of composite observ-
ables. The connection is not one of indexing or labeling, but of identity. Within the
subspace defined by a composite observable, the entire, complex eigenstructure resolves to,
and is identified by, a single scalar value. In this context, the eigenstructure is a scalar
entity; it is its eigenvalue.

This elevates the role of the universal Hamiltonian (Ĥu) far beyond its traditional scope.
It is no longer merely the generator of quantum evolution and relativistic effects; it is the
ultimate source of physical structure itself. Composite observables are the specific “lenses”
through which these intrinsic structural patterns of energy are observed. They do not
define these structures; they are the specific mathematical lenses required to reveal them.
The eigenstructural patterns are intrinsic properties of energy, and the composite observable
is the unique tool that allows for their measurement. When the Hamiltonian operates on the
system, it doesn’t yield a numerical tag to select a pre-existing particle structure. Instead,
it reveals that a specific eigenstructure (e.g., a spinor pattern) is the state corresponding to
a specific energy eigenvalue.

Therefore, composite observables are not an optional mathematical convenience but a
necessary foundation for any complete theory of spectral emergence. Without this mecha-
nism for identifying structure, a theory could describe the emergence of energy levels and
dynamics but would be forced to impose particle properties by hand, defeating the principle
of total emergence.

What makes this framework universally applicable is the dual nature of composite ob-
servables: they are form-invariant yet component-covariant. The overall mathematical form
of the observable is what defines the emergent structure—for example, a field tensor al-
ways retains its antisymmetric tensorial form. This provides a stable, identifiable structure.
Simultaneously, each individual component of that form is constructed to be explicitly co-
variant with Energy, scaling directly with the eigenvalues of the Hamiltonian through the
tetrad mechanism. It is this covariance that makes the observable truly spectral, tying its
specific manifestation to the energy of the system. This duality—an invariant form defining
a consistent structure and covariant components adapting it to the spectrum—provides the
crucial link that unifies the structure of matter with its dynamics, allowing both to arise
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from a single, primordial energy source.

What Are Composite Observables?

Composite Observable: any mathematical structure - function, tensor, field, matrix, etc.
- that is dependent on, and commutes with, a system’s Hamiltonian.

Composite observables themselves must conform to two specific requirements:

1. They are form invariant in all reference frames

2. Their components are fully covariant with Ĥu

The first item is guaranteed by the core principles of Special Relativity 2.0. If the math-
ematical structure of the observable is entirely dependent on energy, then the structure’s
form will be invariant in all reference frames. The second requirement is guaranteed when
the components of the structure scale with Γ. Its constituent tensors/fields transform covari-
antly under the same energy-frame transformations as Ĥu, so that the operator assembled
from them satisfies [Ŝ, Ĥu] = 0.

Let us reiterate: because of E-Theory’s energy-first principle, these structures commute
with Ĥu. This establishes the basis for the spectral emergence of these structures. Appendix
A elaborates on this structure and formally derives their construction

Spectral Operators and Eigenstructures

A spectral operator Ŝ satisfies:

1. [Ŝ, Ĥu] = 0

2. Ŝ† = Ŝ

The spectral operator defines and manages the structured subspaces of composite ob-
servables. Unlike standard quantum operators that act uniformly across Hilbert space,
spectral operators specifically target the eigenstructure patterns within each energy slice,
determining how structural configurations are organized and accessed.

For a composite observable Ôa...b acting on an energy eigenstate |Er; s⟩:

Ôa...b|Er; s⟩ = λr,s|Er; s⟩

where λr,s ∈ R is the scalar eigenvalue. In this context, the eigenvalue is not an index
but the scalar identity of the eigenstructure itself within the subspace defined by
the observable. This value identifies the specific structural configuration manifested for the
given energy and internal quantum numbers.

The spectral operator governs this process, ensuring that eigenvalues correctly corre-
spond to their eigenstructures within the composite observable subspace. The composite
observable thus defines a structured subspace for each energy eigenvalue Er, the spectral
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operator manages the organization of these subspaces, and the scalar eigenvalue λr,s serves
as the scalar identity of the particular structural pattern within that subspace. In practice,
one can view the eigenvalue of Ĥu as a parameter of the composite observable that resolves
the observable to a specific eigenstructure.

This formulation maintains quantum mechanical consistency by preserving the scalar
nature of eigenvalues—satisfying all standard requirements—while enabling the structural
richness needed for emergent geometry through the principle of eigenstructure identity.
The eigenvalue remains a real number as required by the spectral theorem, but its meaning
extends beyond simple measurement outcomes to become the scalar representation of a
complete geometric or structural configuration. This approach resolves the apparent tension
between quantum mechanics’ scalar framework and the need for structural observables by
showing that scalars can represent complete structural information by serving as their unique
scalar identities.

Tetrads as Generators of Composite Observables

The energy-dependent tetrad formalism from SR2 provides the fundamental mechanism
for generating composite observables from root-domain operators. This construction process
transforms ordinary tensorial objects into spectral operators that commute with Ĥu while
preserving their structural relationships across all energy scales.

The Tetrad Construction Mechanism

Given any root-domain operator Ôµν... with arbitrary index structure, the corresponding
composite observable is generated through systematic tetrad insertion: Ôab... = ea

µ(Ĥu)Ôµν...eb
ν(Ĥu) . . .

where the SR2 tetrad components are: ea
µ(Ĥu) = diag(Γ−1,Γ,Γ,Γ), Γ = Ĥu

mc2

This tetrad is diagonal in the emergent spacetime basis, ensuring that each index con-
tributes a well-defined scaling factor. The construction preserves the tensorial structure of
the original operator while making every component dependent on the energy eigenvalue
through powers of Γ.

Component Scaling Rules

The tetrad construction produces specific scaling patterns based on index type. For a
composite observable with p timelike indices and q spacelike indices: Ôa1...an

composite = Γq−pÔµ1...µn

root
This yields the scaling hierarchy:

Timelike-timelike: Ô00 = Γ−2Ô00root
Time-space: Ô0i = Ô0iroot

Spacelike-spacelike: Ôij = Γ2Ôij
root

These scaling rules ensure that composite observables exhibit the correct relativistic trans-
formation properties while maintaining their structural integrity across all energy scales.
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Concrete Examples

• Electromagnetic Field Tensor: Starting with the root-domain field strength Fµν ,
the composite observable becomes:

F01 = Γ−1 · Γ · F 01 = F 01 (electric components invariant)
F12 = Γ · Γ · F 12 = Γ2F 12 (magnetic components scale as Γ2)

• Emergent Momentum Operator: The root momentum p̂i = −iℏ∂i generates:

p̂u,i = ei
µ(Ĥu)p̂µ = Γ · (−iℏ∂i) = −iℏΓ∂i

On energy eigenstates |Er; k, s⟩:

p̂u,i|Er; k, s⟩ = ℏki

(
Er

mc2

)
|Er; k, s⟩

Commutativity with the Universal Hamiltonian

The tetrad construction automatically ensures that all composite observables commute
with Ĥu. Since ea

µ(Ĥu) is a function of Ĥu alone: [Ôab..., Ĥu] = [ea
µ(Ĥu)Ôµν...eb

ν(Ĥu), Ĥu] =
0 This commutativity is the mathematical foundation for the spectral operator property.
Every composite observable becomes a spectral operator that shares the same eigenbasis as
Ĥu, enabling simultaneous diagonalization of energy and structural properties.

Universal Generation Principle

The tetrad mechanism provides a universal method for constructing composite observ-
ables from any mathematical structure. Whether starting with:

• Scalar functions: ϕ(x) → ϕ(Ĥu)

• Vector fields: Aµ → ea
µ(Ĥu)Aµ

• Tensor fields: Tµν → ea
µ(Ĥu)eb

ν(Ĥu)Tµν

• Spinor fields: (spinor tetrad construction)

The result is always a composite observable that maintains its structural form while becom-
ing energy-covariant. This universality demonstrates that the tetrad construction captures
a fundamental principle of how structure emerges from energy in the spectral framework.

Why These Assertions Hold: An Informal Analysis

Rather than formal mathematical proofs, let us examine why the fundamental assertions
about composite observables are necessarily true within the energy-first framework of E-
Theory.
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Why Spectral Operators Must Be Self-Adjoint and Commute with Ĥu

The self-adjointness and commutativity of spectral operators follows directly from their
construction mechanism. When we build composite observables through the tetrad mapping
ea

µ(Ĥu), we are essentially “dressing” root-domain operators with energy-dependent scaling
factors that are themselves functions of Ĥu. Since any function of a self-adjoint operator
inherits self-adjointness when applied to self-adjoint arguments, and since functions of an
operator automatically commute with that operator, the resulting composite observables
inherit both properties by construction. The tetrad components Γ±1 are real-valued func-
tions of the self-adjoint Ĥu, ensuring that no complex phases or non-commuting elements
are introduced. This is not a mathematical accident but a reflection of the deeper principle
that when energy is primary, all observables must be spectral manifestations of the same
underlying energy structure. They cannot help but commute with Ĥu because they are
built from it.

Why Composite Observables Remain Valid Quantum Mechanical Constructs

The validity of composite observables as quantum mechanical entities stems from the fact
that we are not changing the fundamental nature of measurement—we are only changing
what gets measured. The eigenvalues remain scalar quantities, satisfying the spectral theo-
rem’s requirements for real eigenvalues and orthogonal eigenvectors. What changes is the in-
terpretation of these eigenvalues. Instead of measuring “how much” of a quantity is present,
we are measuring “which configuration” of a structural pattern is manifested. This shift from
quantitative to qualitative measurement does not violate quantum mechanics’ mathemat-
ical requirements because the eigenvalue-eigenvector relationship remains intact. The key
insight is that quantum mechanics never required eigenvalues to represent quantities—only
that they be real numbers that characterize the relationship between operators and states.
Treating these real numbers as the scalar identities of distinct eigenstructures preserves all
mathematical requirements while extending their physical meaning.

Why This Principle of Identity Works Mathematically

The principle of eigenstructure identity works mathematically because it leverages the
natural structure already present in quantum mechanics: the tensor product decomposi-
tion of Hilbert spaces. When we have two commuting operators Ĥu and Ôab..., their joint
eigenspaces automatically partition the total Hilbert space into orthogonal subspaces. The
eigenvalue λ naturally serves as the unique identifier because it distinguishes these subspaces
within each energy slice. Since different eigenvalues correspond to orthogonal subspaces, the
mapping from eigenvalue to subspace is well-defined and invertible. The structural infor-
mation is encoded not in the eigenvalue itself, but in the internal relationships within each
identified subspace. This is analogous to how quantum numbers work in atomic physics—the
angular momentum quantum numbers ℓ and m are scalar indices that specify which sub-
space (orbital) an electron occupies, but the orbital’s shape and properties are determined
by the subspace structure, not the numbers themselves.
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The Deeper Reason: Energy as Universal Generator

All three assertions hold because they reflect the fundamental principle that energy gen-
erates all physical structure in E-Theory. When energy is the primary independent prop-
erty, everything else—including the mathematical structures we use to describe quantum
measurements—must emerge from energy’s spectral characteristics. Composite observables
work because they are the natural quantum mechanical expressions of how energy organizes
itself into observable patterns. The tetrad construction ensures energy-covariant scaling, the
spectral operator properties ensure consistency with energy primacy, and the principle of
eigenstructure identity enables structural richness while maintaining quantum mechanical
rigor. In essence, composite observables succeed because they are what quantum observables
become when you stop assuming spacetime is fundamental and start deriving everything
from energy’s intrinsic organizational capacity.

The informal reasoning presented here demonstrates why these properties must hold
within the energy-first framework. For readers requiring complete mathematical rigor, for-
mal proofs of self-adjointness, commutativity, quantum mechanical validity, and the correct-
ness of eigenstructure identity are provided in Appendix A.

Composite Observables as the Foundation of the Universal Wave
Equation

The development of composite observables represents far more than a mathematical
curiosity—it provides the essential conceptual and mathematical foundation that makes the
Universal Wave Equation possible. Without this new category of quantum observable, the
UWE’s unification of relativistic quantum mechanics across all particle species would remain
an intractable problem.

Enabling the Dirac Species in the UWE

The inclusion of Dirac spinors in the UWE framework hinges critically on treating the
gamma matrices as composite observables. In standard Dirac theory, the gamma matrices
γµ exist in fixed spacetime, creating an insurmountable barrier to energy-first formulations.
The traditional approach requires spacetime to be given a priori, with the gamma matrices
encoding geometric relationships within this pre-existing framework.

Composite observables solve this fundamental problem by transforming the gamma ma-
trices through the tetrad construction: γa = ea

µ(Ĥu)γµ

This transformation moves the gamma matrices from fixed spacetime to emergent space-
time, where they become energy-dependent structural elements that scale with Γ = Ĥu

mc2 .
The gamma matrices retain their essential anticommutation relationships and spinor alge-
bra, but now these relationships emerge from and adapt to the energy eigenstructure rather
than being imposed on a fixed geometric background. This transformation is not merely
a mathematical convenience—it represents a fundamental shift in how we understand the
relationship between spin, geometry, and energy. The gamma matrices become manifesta-
tions of how energy organizes itself into spinorial patterns, rather than external geometric
objects that happen to describe fermions. This enables the Dirac equation to take its place

22



naturally within the UWE framework as a species-specific realization of the universal energy
evolution template.

Converting Proca from Second-Order to First-Order Evolution

The Proca field presents an even more dramatic example of composite observables’
transformative power. Traditional Proca theory requires a second-order partial differen-
tial equation to properly describe massive vector fields, fundamentally incompatible with
the first-order UWE template.

Composite observables resolve this incompatibility by allowing us to construct the Proca
field directly as a spectral operator acting on eigenstructural patterns. Rather than starting
with a classical field equation and attempting to force it into the UWE framework, we begin
with the field strength tensor as a composite observable: Fab = ea

µ(Ĥu)eb
ν(Ĥu)Fµν

This composite observable naturally satisfies the UWE evolution template, eliminat-
ing the need for second-order time derivatives. The vector potential Ψa emerges as the
eigenstructural pattern that encodes the field configuration, while the divergence constraint
p̂u,aΨa = 0 arises automatically from the spectral properties rather than being imposed
externally. This transformation reveals that the apparent necessity of second-order equa-
tions in classical field theory was an artifact of treating spacetime as fundamental. When
energy becomes primary and fields emerge as eigenstructural patterns, the natural evolution
is first-order, making the Proca field compatible with the universal UWE framework.

The Universal Unification Principle

The success of composite observables in handling both Dirac and Proca fields illustrates
a deeper principle: the UWE achieves universality not by forcing different particle types into
a common mathematical mold, but by revealing that apparent differences between particle
species are actually different manifestations of the same underlying energy organization
principle.

Composite observables provide the mathematical machinery that makes this revelation
possible. They allow us to:

• Transform fixed geometric structures into energy-adaptive patterns

• Convert higher-order evolution equations into first-order spectral dynamics

• Preserve essential physical relationships while making them energy-covariant

• Unify seemingly disparate mathematical structures through shared spectral origins

The UWE thus emerges not as an imposed unification scheme, but as the natural expression
of how energy manifests itself across different structural patterns. Scalar fields, spinor fields,
and vector fields all follow the same universal evolution law because they are all compos-
ite observables—different ways of organizing the same underlying energy into observable
patterns.
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This perspective transforms our understanding of particle physics itself. Rather than
viewing particles as fundamentally different entities requiring separate theoretical treat-
ments, we see them as different eigenstructural manifestations of energy’s organizational
capacity. The UWE provides the mathematical framework for describing this unified orga-
nization, with composite observables serving as the bridge between energy’s spectral char-
acteristics and the rich variety of observable phenomena in the physical world.

The development of composite observables thus represents a crucial conceptual break-
through that makes possible the unification achieved by the Universal Wave Equation—a
unification based not on mathematical convenience, but on the fundamental principle that
energy is the primordial source from which all physical structure emerges.
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Crafting the Unified Wave Equation

To describe a spin-½ particle you pull out Dirac’s equation [3]; for a massive vector
field you switch to Proca [4]; for scalars you use Klein-Gordon; and for low-energy quantum
problems you revert to Schrödinger. This patchwork of formalisms works in practice, but
it signals a deeper failure: no single wave equation flows smoothly from nonrelativistic
Schrödinger physics all the way up to first-order, fully relativistic spinors or vectors.

Each traditional wave equation was engineered to "patch" a particular gap—Schrödinger
treats time as an external clock with space fixed; Klein-Gordon trades covariance at the
cost of negative probability densities; Dirac fixes that for fermions by inventing multi-
component spinors; Proca enforces mass via second-order dynamics—but none of them
ever rises organically from a single spectral principle.

Most critically, scalars, spinors, and vectors today get glued onto spacetime by hand.
They never flow naturally from energy’s spectrum—the idea that quantum evolution, rela-
tivistic scaling, and geometric structure should emerge together from a single energy eigen-
structure rather than be imposed piecewise. Instead, relativistic effects are coordinate trans-
formations, geometric structures are assumed a priori, and quantum behavior gets treated
as separate from relativistic dynamics. Physicists spend decades gluing Schrödinger to Dirac
to Proca; this patchwork vanishes once energy stands first.

The energy-first approach of E-Theory and the mathematical framework of composite
observables provide the foundation for transcending this fragmentation. Rather than craft-
ing specialized solutions for different scenarios, we construct a truly universal wave equation
that applies across all particle species and energy regimes through spectral emergence.

Our Approach: Unified Evolution Through Energy Primacy Our strategy for
achieving this unification proceeds through three systematic steps:

Unified evolution via energy primacy. Rather than treating time as an external
parameter, we build on the universal Hamiltonian Ĥu and emergent time operator t̂ to write:

iℏ
∂Ψ
∂t̂

= ĤuΨ (28)

a template that holds whether Ψ is a scalar, spinor, or vector.
Species as representation spaces. Different particles arise simply by organizing the

same underlying energy spectrum into scalars, spinors, or vectors—no new wave equation
needed.

Block-diagonal unification. All species fit into one block-diagonal operator, so fermions,
bosons, and massive vectors are just different sectors of a single "unified wave operator."

We begin with a baseline formulation that unifies the time-dependent Schrödinger equa-
tion and Klein-Gordon equation, showing how both emerge from the same energy-first tem-
plate applied to scalar representation spaces. We then develop the Dirac-specific formu-
lation, demonstrating how spinor fields fit naturally into the universal framework through
composite observable treatment of gamma matrices. Finally, we construct the Proca for-
mulation, showing how vector fields achieve first-order evolution through eigenstructural
organization rather than second-order classical field dynamics.

25



In one fell swoop, the unified wave operator yields quantum evolution, relativistic scaling,
and geometry—all flowing from energy’s spectrum. No more artificial boundaries. All
empirical successes of Schrödinger, Klein-Gordon, Dirac, and Proca survive, but now live
inside a single, elegantly coherent structure.

The Baseline Universal Wave Equation

Motivation. Neither the TDSE nor Klein–Gordon emerges naturally from energy’s spec-
trum—one is intrinsically nonrelativistic, the other second-order in time. By making a few
key substitutions, we convert the TDSE into a single operator equation that flows seamlessly
from low-energy to high-energy regimes.

Construction via substitutions. Start with the time-dependent Schrödinger equation:

iℏ
∂ψ

∂t
= Ĥ ψ.

Replace

∂t → ∂t̂, Ĥ → Ĥu =
√
p̂2c2 +m2c4, p̂ → p̂u = − iℏΓ−1∇, Γ = Ĥu/(mc2),

with t̂ = 1
2 (Γ̂ τ̂ + τ̂ Γ̂). The result is the baseline UWE:

iℏ
∂Ψ
∂t̂

=
√
p̂2

uc
2 +m2c4 Ψ. (29)

Stationary solutions. We seek eigenstates Ψ(x̂, t̂) = ψ(x̂) e− i Ĥu t̂/ℏ. Resolving x̂, t̂, p̂u, Ĥu

in an energy eigenstate |Er; s⟩ means

x = ⟨Er; s|x̂|Er; s⟩, t = ⟨Er; s|t̂|Er; s⟩, p = eigenvalue of p̂u, Er = eigenvalue of Ĥu.

Hence the familiar plane-wave form

Ψ = ψ0 exp
[
i
(
p · x − Er t

)
/ℏ

]
makes explicit that (x, t) are operator expectation values, not fundamental classical coordi-
nates.

Implications.

• Seamless energy scaling. As ∥p̂uc∥ grows from ≪ mc2 to ∼ mc2, Eq. (29) tran-
sitions from Schrödinger-like to Klein–Gordon-like behavior—no separate equation
required.

• Resolved operators become coordinates. The classical (x, t) appear only after
resolving ⟨x̂⟩, ⟨t̂⟩. The so-called "classical limit" is simply reading off operator eigen-
values.
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• Built-in energy-dependent geometry. Since p̂u = − iℏΓ−1∇, spatial derivatives
scale by Γ−1, making the equation covariant at all energies without external Lorentz
transformations.

• Spectral emergence. A single operator Ĥu now drives quantum evolution, sets en-
ergy scales, and dictates emergent spacetime geometry through its eigenvalues. Quan-
tum and relativistic structure arise together from one spectrum.

The baseline UWE shows that all scalar dynamics flow from one energy-first evolution
law. Spinors and vectors simply occupy different representation sectors of the same Ĥu. In
the next sections, we embed Dirac spinors (via composite-observable gamma matrices) and
Proca vectors (via first-order eigenstructure) into this framework. Particle diversity thus
stems from different ways of organizing a single universal energy spectrum, not from distinct
dynamical laws.

The Dirac Formulation

Motivation. The standard Dirac equation

(iℏ γµ∂µ −mc)ψ = 0

lives in fixed spacetime: its gamma matrices γµ encode geometry by fiat, and relativistic
boosts are imposed via coordinate transformations. Spinors never emerge from Ĥu’s spec-
trum. We now lift γµ into composite observables so that spinor evolution follows energy’s
organizational principles directly.

Tetrad lift. Recall
Ĥu =

√
p̂2c2 +m2c4, Γ = Ĥu

mc2 .

The SR2 tetrad ea
µ(Ĥu) is

diag(Γ−1, Γ, Γ, Γ),
so that

γ0 7→ Γ γ0, γi 7→ Γ−1 γi.

These gamma matrices form a representation of the Clifford algebra [31, 32], with the
energy-dependent scaling preserving their essential anticommutation relations.

Applying this to
(iℏ γµ∂µ −mc)ψ = 0

yields
iℏ

(
Γ γ0 ∂0 + Γ−1 γi ∂i

)
ψ − mcψ = 0.

Since ∂0 = 1
c ∂t and ∂/∂t̂ = Γ ∂/∂t, we obtain

iℏ
∂ψ

∂t̂
=

[
c αi p̂u,i + β mc2]

ψ,

where
αi = γ0 γi, β = γ0, p̂u,i = − iℏΓ−1∂i.
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Hence the Dirac-UWE:

iℏ
∂Ψ
∂t̂

= ĤDirac Ψ, ĤDirac = cα·p̂u + β mc2, Ψ ≡ D̂. (30)

Species identification. Both Ψ ≡ D̂ and ĤDirac now emerge as composite observables
built from Ĥu. The four-component spinor D̂ resolves energy-dependent patterns: each
component scales with Γ from the tetrad, making Ψ energy-covariant. Likewise,

cα·p̂u and β mc2

are themselves constructed from Ĥu. As a result, ĤDirac commutes with Ĥu, so both share
the eigenbasis {|Er; s⟩}. Fermion evolution, spin degrees of freedom, and relativistic scaling
now flow from one spectral source.

Implications.

• Energy-adaptive gamma matrices. γ0 → Γ γ0 and γi → Γ−1 γi make spin algebra
a direct consequence of energy scaling, not an external assumption.

• Eigenstructural spinors. The four-component Dirac spinor is now a spectral pat-
tern: each component carries its own Γ-factor, so spin and energy scale together.

• First-order form universal. Unlike scalars (which required a second-to-first-order
lift), Dirac already fits the baseline template, confirming that first-order evolution is
the generic form once energy is primary.

• Unified spin–geometry. Relativistic spin effects (e.g. Thomas precession) emerge
from Ĥu’s spectrum without any extra geometric machinery.

Equation (30) shows that Dirac spinors are simply the spinor representation sector of
one universal Hamiltonian Ĥu. The template

iℏ
∂

∂t̂
= Ĥu

accommodates fermions by letting the representation space encode four-component struc-
ture. Next, we will show how massive vector fields slot into this same framework via their
own eigenstructural organization.

The Proca Formulation

Motivation. The standard Proca equation for massive vector fields

∂µF
µν +m2c2Aν = 0, Fµν = ∂µAν − ∂νAµ

requires second-order time derivatives and external gauge fixing to eliminate unphysical
modes. The four-potential Aµ and field strength tensor Fµν live in fixed spacetime, while
the divergence constraint ∂µA

µ = 0 gets imposed by hand. Vector fields never emerge from
Ĥu’s eigenstructure—they remain classical objects grafted onto quantum evolution.
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Tetrad lift of the four-potential. We begin by treating the four-potential Aµ as the
root-domain operator, then apply the SR2 tetrad to create a composite observable.

Starting with the root four-potential Aµ, the composite observable becomes:

Âa = ea
µ(Ĥu)Aµ

With the SR2 tetrad ea
µ(Ĥu) = diag(Γ−1,Γ,Γ,Γ), the components scale as:

• Temporal component: Â0 = Γ−1A0

• Spatial components: Âi = ΓAi

This energy-covariant four-potential automatically commutes with Ĥu because it’s con-
structed from the tetrad mechanism, making it a proper composite observable.

Constraint enforcement through composite structure. The problematic divergence
constraint ∂µA

µ = 0 from classical Proca theory emerges naturally from the composite
observable structure. When we construct the four-potential as a composite observable, it
inherently possesses only three physical degrees of freedom—the three transverse polariza-
tions of a massive vector field.

The emergent momentum operator p̂u = −iℏΓ−1∇ ensures that:

p̂u · Â = 0

automatically, implementing transversality without external imposition. The timelike com-
ponent becomes dependent on the spatial components through the energy-scaling relation-
ship, leaving exactly three independent polarizations.

Species definition and first-order evolution. The species wavefunction becomes:

Ψ ≡ Âa = (Γ−1A0,ΓA1,ΓA2,ΓA3)

For the species Hamiltonian, we use the same Klein-Gordon form as the scalar case:

ĤProca =
√
p̂2

uc
2 +m2c4

This yields the Proca-UWE:
iℏ
∂Ψ
∂t̂

= ĤProcaΨ (31)

The key insight is that the second-order classical Proca equation transforms into first-
order evolution when the field becomes a composite observable. The vector potential Ψ
now evolves according to the same universal template as scalars and spinors, but organized
through vector eigenstructural patterns.
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Species identification. Both Ψ ≡ Âa and ĤProca emerge as composite observables built
from Ĥu. The four-component vector field resolves energy-dependent patterns: temporal
and spatial components scale with complementary powers of Γ, making the entire field
energy-covariant. Since ĤProca commutes with Ĥu, both share the eigenbasis {|Er; s⟩}.
Vector field evolution, polarization states, and relativistic scaling now flow from one spectral
source.

Implications.

• Second-order to first-order conversion. The tetrad construction eliminates the
need for second-order time derivatives. Vector field evolution becomes first-order
through eigenstructural organization.

• Automatic constraint enforcement. The divergence constraint emerges from the
composite observable structure itself, not external imposition. Exactly three physical
polarizations survive naturally.

• Eigenstructural vector fields. The four-component Proca field becomes a spectral
pattern where each component carries specific Γ scaling. Mass and field structure scale
together with energy.

• Unified field-geometry. Vector field effects emerge from Ĥu’s spectrum without
separate field theory machinery.

The Proca formulation demonstrates that massive vector fields are simply the vector
representation sector of the universal Hamiltonian Ĥu. The same energy-first template
accommodates vectors by organizing the representation space into four-component structure
with automatic constraint enforcement.

Universal Stationary Form Across All Subspaces

Having established the unified structure, we can now demonstrate one of the most elegant
features of the UWE: the stationary form remains exactly identical across all particle species,
regardless of their eigenstructural organization.

Recall from the baseline UWE development that we sought stationary eigenstates of the
form:

Ψ(x̂, t̂) = ψ(x̂) e− i Ĥu t̂/ℏ.

In the resolved form, where operators become their expectation values in energy eigenstates
|Er; s⟩, this becomes:

Ψ = ψ0 exp
[
i
(
p · x − Er t

)
/ℏ

]
.

Universal Application: This exact same stationary form applies to every subspace in
Htot:

Scalar subspace:

ΨScalar(x, t) = ψScalar(x) exp
[
−iErt/ℏ

]
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Dirac subspace:
ΨDirac(x, t) = ψDirac(x) exp

[
−iErt/ℏ

]
Proca subspace:

ΨProca(x, t) = ψProca(x) exp
[
−iErt/ℏ

]
The exponential phase factor exp[−iErt/ℏ] is identical across all species because:

• Shared energy spectrum: All species derive their energy eigenvalues Er from the
same universal Hamiltonian Ĥu, ensuring identical phase evolution rates.

• Universal emergent time: All species evolve with respect to the same emergent time
operator t̂, guaranteeing synchronized temporal evolution across the entire system.

• Identical template structure: The fundamental evolution law iℏ∂/∂t̂ = Ĥ main-
tains the same mathematical form for all species, differing only in the representation
space of Ψ.

What distinguishes species: Only the spatial eigenstructural organization ψk(x)
changes between subspaces:

• ψScalar(x): Single-component scalar field pattern

• ψDirac(x): Four-component spinor field pattern encoding spin- 1
2 structure

• ψProca(x): Four-component vector field pattern encoding spin-1 polarizations

What remains universal: The temporal evolution through exp[−iErt/ℏ] is identical
for all particles, revealing that time dependence is truly universal across all eigenstructural
organizations.

This universal stationary form demonstrates that the UWE achieves genuine unification:
the same energy spectrum Er manifests through different spatial organizational patterns
(scalar, spinor, vector), but the temporal evolution—the fundamental rhythm of quantum
dynamics—remains identical across all particle types. Energy provides the universal tem-
poral heartbeat, while eigenstructural organization determines the spatial patterns through
which this heartbeat expresses itself.

The remarkable simplicity of this result—that all particles share the same temporal
evolution while differing only in spatial organization—reveals the deep unity underlying
apparent particle diversity. Rather than fundamentally different entities requiring separate
dynamical laws, all particles are different spatial manifestations of the same underlying
energy-time relationship.

Spectral Origin of Matter Fields and Intrinsic Gauge Invariance

Building on the basic Unified Wave Equation (UWE) machinery, matter fields emerge
directly from the spectral and adjacency structure of energy itself—no separate gauge po-
tentials or second-quantization postulates are required:
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Local sourcing from energy.

Each species’ matter field is defined by the degenerate eigenspaces of its composite ob-
servable (D̂ for spinors, Âproca for vectors) at every point in emergent spacetime. These local
field amplitudes are generated by the spectral decomposition of the universal Hamiltonian
Ĥu, making them inherently gauge invariant without any external symmetry enforcement.

No gauge fields, no Abelian vs. non-Abelian distinction.

Because interactions occur via transitions between energy spectral modes rather than
through coupling to an applied gauge potential Aµ, there is no operative distinction between
Abelian and non-Abelian gauge structures. Particle dynamics and force mediation proceed
entirely within the emergent-spacetime framework defined by p̂u and adjacency operators.

Fields emerge from particles, not vice versa.

E-Theory posits no universal matter field; each particle species defines its own field
through its unique spectral signature. The arrangement and degeneracies of energy levels
give rise to field behavior, so that “particles give rise to fields” rather than fields giving rise
to particles.

These conceptual pillars will be developed in full mathematical detail in Part V, where
the explicit field equations, propagators, and interaction vertices are derived directly from
the spectral geometry of Ĥu.

Bridge to conventional QFT.

This spectral reformulation may at first appear to overturn over eighty years of quantum-
field methodology. In reality, the composite-observable framework—with t̂, p̂u, D̂, Âproca,
and Ψ as the field operator—will update QFT so that it is fully compatible with an energy-
first universe, reproducing the familiar outcomes of S-matrix theory (QED, QCD, and elec-
troweak processes) as limiting cases. Here we sketch the ontological shift; the detailed
mapping to standard perturbative predictions and scattering amplitudes follows in Part V.

Conclusion

The Universal Wave Equation represents more than a mathematical unification of exist-
ing wave equations—it embodies a transformation in how we understand the relationship
between energy, quantum mechanics, and relativity. By establishing energy as the ontologi-
cally primary quantity from which spacetime, quantum evolution, and particle structure all
emerge, the UWE reveals that apparent diversity in particle physics masks a deeper unity
based on spectral organization of energy.

The journey from the fragmented landscape of separate wave equations—Schrödinger,
Klein-Gordon, Dirac, and Proca—to the unified template iℏ∂/∂t̂ = Ĥu demonstrates that
what physicists have long treated as fundamentally different phenomena are actually differ-
ent eigenstructural manifestations of the same underlying energy dynamics. Scalar fields,
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spinor fields, and vector fields represent different ways of organizing energy into observable
patterns, not distinct physical entities requiring separate theoretical frameworks.

Key Conceptual Breakthroughs

Several important concepts emerge from the UWE framework that change our under-
standing of fundamental physics:

Spectral Operator Formalism: The development of a rigorous mathematical frame-
work for spectral operators with Von-Neumann–level precision provides the foundation for
the entire UWE approach. These operators, defined through twelve precise axioms, enable
the systematic construction of composite observables while maintaining mathematical rigor.
The spectral operator formalism bridges the gap between abstract Hilbert space structures
and physical observables, allowing quantum fields to be constructed directly from energy
eigenspaces.

Composite Observables: The introduction of observables that are form-invariant yet
component-covariant represents a genuine extension of quantum mechanics. These spectral
operators maintain their structural relationships while scaling with energy eigenvalues, en-
abling geometric information to emerge from quantum spectral properties rather than being
imposed externally.

Eigenstructural Organization: The recognition that particles are eigenstructural
patterns—specific ways energy organizes itself spectrally—rather than fundamental entities
dissolves the traditional distinction between "elementary" and "composite" particles. All
structure emerges from energy’s organizational capacity.

Universal Temporal Evolution: The demonstration that all particle types share
identical temporal evolution exp[−iErt/ℏ] while differing only in spatial organization reveals
time as the universal rhythm of energy dynamics, with spatial diversity reflecting different
organizational modes.

Unified Representation Spaces: The realization that scalar, spinor, and vector fields
are simply different representation spaces of the same universal Hamiltonian fundamentally
changes our understanding of particle diversity. Rather than separate physical theories
requiring different mathematical frameworks, the UWE shows that all particle types are
manifestations of the same underlying energy spectrum expressed through different eigen-
structural organizations. This unification preserves the unique characteristics of each parti-
cle type while revealing their common spectral origin.

Full Spectral Emergence for Flat Spacetime: The achievement of full spectral
emergence for flat spacetime, where quantum evolution, relativistic effects, and structural
organization are defined directly from the spectral characteristics of energy, eliminates the
need for separate theories of quantum mechanics and relativity. The UWE framework
demonstrates that these previously distinct physical domains are different facets of the
same underlying energy-organizational principles. This emergence occurs naturally within
the spectral operator formalism without requiring additional physical assumptions or math-
ematical structures.

The UWE framework thus represents not merely a unification of existing wave equations
but a fundamental reconceptualization of physical reality. By establishing energy as the
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ontologically primary quantity, it reveals a deeper unity underlying the apparent diversity of
physical phenomena. Quantum behavior, relativistic effects, and spacetime geometry all flow
from the same spectral source, transforming our understanding of the fundamental nature
of physical law. This energy-first perspective offers a more economical and conceptually
coherent framework for physics, replacing the patchwork of specialized theories with a single
unifying principle based on eigenstructural organization of energy.
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Dispersion and Spectral Geometry

Dispersion—the dependence of phase velocity on frequency—plays a central role in wave
mechanics. In conventional quantum and classical physics, dispersion relations are derived
separately for each wave equation: Schrödinger, Klein-Gordon, Dirac, and Proca. Each
carries its own assumptions and geometrical background. The Universal Wave Equation
demonstrates that all these dispersion relations emerge from a single principle—spectral
emergence—making dispersion a natural consequence of energy eigenstructure rather than
an imposed relationship.

Spectral Dispersion from the UWE

Recall the universal stationary solution that applies across all UWE species:

Ψ(x, t) = ψ0 exp [i (k · x − ω(k)t)] (32)

where ω(k) = E(k)/ℏ. The angular frequency ω(k) for any species derives directly from
its spectral relationship to the universal Hamiltonian Ĥu. This relation is spectral, not
imposed—it arises from resolving the evolution equation in energy eigenstates:

Ĥu =
√
p̂2

uc
2 +m2c4 ⇒ ω(k) = E(k)

ℏ
(33)

The momentum eigenvalues are related to the wave vector through p̂u → ℏk in the
plane-wave limit, yielding the fundamental energy-momentum relation:

E(k) =
√

ℏ2k2c2 +m2c4 (34)

Universal Dispersion Relations

We now derive the angular frequency dispersion relations ω(k) for each standard wave
equation from the single UWE framework, showing how they emerge as different limits or
representations of the same underlying spectral relationship.

Time-Dependent Schrödinger Equation (TDSE) In the low-energy limit where ℏkc ≪
mc2, we expand the relativistic energy:

E(k) = mc2

√
1 + ℏ2k2

m2c2 ≈ mc2 + ℏ2k2

2m (35)

The frequency becomes:

ωTDSE(k) = E(k)
ℏ

≈ mc2

ℏ
+ ℏk2

2m (36)

Removing the rest-energy contribution (which only contributes a global phase), the dis-
persion relation is:

ωTDSE(k) = ℏk2

2m (37)
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This yields the familiar non-relativistic phase and group velocities:

vp = ω

k
= ℏk

2m, vg = dω

dk
= ℏk
m

(38)

Klein-Gordon Equation The full relativistic dispersion emerges directly from the UWE
without approximation:

ωKG(k) = 1
ℏ

√
ℏ2k2c2 +m2c4 (39)

This gives the relativistic phase and group velocities:

vp = ω

k
= c2√

c2 + m2c4

ℏ2k2

, vg = dω

dk
= ℏkc2

√
ℏ2k2c2 +m2c4

(40)

In the ultra-relativistic limit (ℏkc ≫ mc2), both velocities approach c.

Dirac Equation The Dirac dispersion relation is identical to Klein-Gordon for the energy
eigenvalues:

ωDirac(k) = 1
ℏ

√
ℏ2k2c2 +m2c4 (41)

However, the Dirac equation’s first-order structure naturally accommodates negative
energy solutions through the spinor representation, while Klein-Gordon requires careful
interpretation. The UWE framework shows that both equations describe the same energy
spectrum organized through different eigenstructural patterns.

Proca Equation For massive vector fields, the dispersion relation takes the same form
as Klein-Gordon and Dirac:

ωProca(k) = 1
ℏ

√
ℏ2k2c2 +m2c4 (42)

The distinction lies in the representation space—the Proca field organizes the same
energy spectrum into vector patterns with three physical polarizations rather than scalar or
spinor patterns.

Spectral Geometry and Universal Dispersion

The remarkable fact that all dispersion relations derive from the single expression E(k) =√
ℏ2k2c2 +m2c4 reveals the spectral geometry underlying wave mechanics. The apparent di-

versity of dispersion relations in conventional physics arises not from fundamentally different
energy-momentum relationships, but from different ways of organizing the same universal
spectrum into observable patterns.

The UWE demonstrates that dispersion is not a property imposed on waves, but an
inevitable consequence of how energy manifests itself in different eigenstructural organiza-
tions. The phase velocity, group velocity, and energy-momentum relationships all emerge
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from the spectral characteristics of Ĥu, making dispersion a direct expression of energy’s
organizational principles.

This spectral origin of dispersion provides new insight into wave-particle duality: what
appears as wavelike dispersion and particle-like energy-momentum relations are simply dif-
ferent aspects of the same underlying energy eigenstructure, unified through the UWE
framework.
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E-Theory is RQM

Relational Quantum Mechanics and E-Theory represent two expressions of the same
fundamental insight: reality emerges from relational contexts rather than existing as an
absolute, observer-independent structure. While RQM articulates this principle through the
lens of quantum interactions and measurement events, E-Theory extends the same relational
foundation across all scales—from quantum observations to inertial frames, from composite
observables to emergent spacetime geometry. What appears as two distinct theoretical
frameworks reveals itself, upon closer examination, as a single coherent vision approached
from complementary directions.

The alignment runs deeper than conceptual similarity. Every core postulate of RQM
finds its precise mathematical realization within E-Theory’s spectral machinery, while E-
Theory’s energy-first ontology provides the concrete physical substrate that makes RQM’s
relational principles possible. Where RQM identifies the what of observer-dependent reality—
that quantum states exist only relative to measurement contexts—E-Theory reveals the how:
relational properties emerge through spectral projections of the universal Hamiltonian, with
observers and observed systems arising as complementary partitions of the same underlying
energy field.

This unity resolves a longstanding tension in RQM’s framework. While RQM successfully
demonstrates that quantum properties are inherently relational, it has struggled to explain
how these relational quantum events aggregate into the apparently stable, shared classical
reality we observe. E-Theory bridges this gap by showing how countless microscopic spectral
projections—each corresponding to an RQM interaction event—collectively generate the
emergent metric tensor gµν(Ĥu) that defines our shared spacetime. The macro-coherent
frames of classical physics emerge naturally from the micro-relational structure of quantum
interactions, all unified through energy’s organizational capacity.

The recognition that E-Theory is RQM—not merely compatible with it, but identi-
cal in fundamental content—has significant implications. It suggests that the energy-first
framework provides not just a novel approach to unification, but the missing mathematical
foundation that makes RQM’s insights fully coherent across all scales of physical reality. By
grounding relational quantum mechanics in the spectral structure of energy itself, E-Theory
transforms RQM from an interpretational framework into a complete physical theory capa-
ble of generating testable predictions about the nature of observation, measurement, and
the emergence of classical reality from quantum foundations.

The Conceptual Foundation of Observer Dependence

In an energy-first universe, both observer and observed emerge as manifestations of the
same universal energy field ε. This shared origin creates a fundamental challenge: how
can meaningful structure, measurement, or existence arise from an undifferentiated flux of
energy? The answer lies in recognizing that existence itself requires context—a differen-
tiation between the agent doing the observing and the system being observed. Without
this essential distinction, the universe remains a formless potential with no structure, no
relationships, and ultimately no reality as we understand it.

The emergence of observer and observed from the universal Hamiltonian’s spectrum
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represents more than a convenient theoretical construction—it constitutes the foundational
mechanism by which reality manifests. When a subset of energy eigenmodes becomes as-
sociated with a particular interacting system (the observer), while complementary modes
form the environment being studied (the observed), a relational structure spontaneously
emerges. This spectral partitioning creates the fundamental asymmetry required for mean-
ingful observation: the observer’s spectral frame versus the observed’s spectral subspace.

Observation, in this framework, transcends passive information gathering to become an
active imposition of context. The observer’s own energy configuration implicitly determines
which composite observables become available for projection, effectively setting the “ques-
tion” that the universe answers through specific eigenvalue manifestations. The observed
system possesses no independent existence outside this context—it is defined entirely by the
observer’s spectral filter and the interaction that links them.

What may be observed is completely determined by the spectral characteristics encoded
in the system’s Hamiltonian. Every property, relationship, and potential measurement
outcome exists as eigenvalue patterns within the energy spectrum. However, this spectral
information remains latent—a pure potential—until an observation event occurs. The act
of observation defines an interaction, a fundamental link between the observer’s reference
frame and the spectral subspace of the observed. This interaction selects a specific spectral
slice from the observed system’s Hamiltonian, transforming potential into actuality.

Crucially, this principle operates universally across all energy regimes and geometric con-
texts, not merely within quantum measurements. Whether examining atomic transitions,
relativistic particle dynamics, or emergent gravitational effects, the same fundamental pat-
tern applies: observation creates a spectral projection that defines both what exists and
how it exists within the established reference frame. The interaction between observer and
observed carves out a specific eigenvalue configuration from the universal spectrum, making
it manifest within the observational context.

The spectral characteristics of any observed system contain informationally complete
descriptions of all possible measurements and relationships. This complete information
exists simultaneously within the Hamiltonian’s eigenstructure, but the interaction defining
each measurement selects the reference frame—the specific spectral slice—through which
this information becomes accessible. What we choose to observe fundamentally determines
what manifests within our reference frame. The observer’s frame does not simply reveal
pre-existing properties; it actively participates in defining which aspects of the complete
spectral information become real through the measurement interaction.

This observer-dependent emergence of reality from spectral projections provides the con-
ceptual foundation linking E-Theory and RQM. Both frameworks recognize that existence
emerges from relational contexts rather than absolute structures, but E-Theory extends
this insight beyond quantum mechanics to encompass all physical phenomena through the
universal organizational capacity of energy.

Spectral Emergence and Its Relationship to RQM

The energy-first foundation of E-Theory reveals quantum mechanics as fundamentally
relational in nature, with every quantum mechanical construct emerging from spectral char-
acteristics that possess meaning only within observational contexts. This spectral emergence
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provides the mathematical substrate that makes RQM’s relational principles not merely
interpretational choices, but necessary consequences of how energy organizes itself into ob-
servable patterns.

Consider the flat spacetime metric

gµν(Ĥu) = diag(Γ−2,−Γ2,−Γ2,−Γ2)

that emerges from the universal Hamiltonian. This metric exists only relative to an ob-
server’s energy eigenstate—it has no meaning independent of the spectral frame that defines

Γ = Ĥu/(mc2)

The tetrad formalism
ea

µ(Ĥu)
similarly encodes relational structure: it transforms between the observer’s energy domain
and the emergent spacetime coordinates, but this transformation is meaningful only within
the context of a specific observational frame. Without an observer to fix the energy reference,
the tetrad remains undefined.

The emergent time interval operator

t̂ = 1
2(Γ̂τ̂ + τ̂ Γ̂)

exemplifies this relational character. Time intervals emerge from energy relationships through
the universal Hamiltonian, but the specific temporal structure manifested depends entirely
on which energy eigenstate serves as the observational reference. Similarly, the emergent
momentum operator

p̂u = −iℏΓ̂−1∇

scales covariantly with the observer’s energy frame—momentum is not an absolute property
but a relational quantity defined by the spectral interaction between observer and observed.

Composite observables extend this relational structure to geometric and structural in-
formation. When we construct

Ôab··· = ea
µ(Ĥu)Ôµν···eb

ν(Ĥu) · · ·

the resulting observable commutes with Ĥu and yields scalar eigenvalues that serve as in-
dices into eigenstructural patterns. These eigenvalues possess no intrinsic meaning—they
acquire significance only through the subspace indexing mechanism that connects them to
specific structural configurations within the observer’s reference frame. The spectral op-
erators that govern these composite observables exist as relational entities: they define
structural relationships between observer and observed rather than absolute properties of
isolated systems.

The eigenstructural organization underlying particle species—scalars, spinors, vectors—
represents different ways energy manifests within specific observational contexts. A Dirac
spinor is not an absolute entity but a relational pattern: the way fermionic energy organizes
itself when observed through the composite observable framework of gamma matrices

γa = ea
µ(Ĥu)γµ
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The Universal Wave Equation
iℏ
∂Ψ
∂t̂

= ĤuΨ

unifies all these manifestations precisely because it captures the relational structure under-
lying energy’s self-organization across different observational frameworks.

This spectral foundation provides exact mathematical realizations for each core principle
of Relational Quantum Mechanics:

Observer-System Relativity in RQM corresponds to Frame-Fixing via Spectral
Partitioning in E-Theory. Any subsystem that establishes a reference frame through
its energy Hamiltonian automatically partitions the universal spectrum into observer and
observed components. The “observer” is whatever energy configuration fixes the spectral
context for measurement.

Quantum States Relative to Observers (ψA
S in RQM notation) map directly to

Energy Eigenstate Projections in E-Theory. The state |ψ⟩ exists only as a spectral
projection within the observer’s energy frame |Er; s⟩, with no meaning independent of this
relational context.

Interaction as Fundamental in RQM becomes Spectral Projection Events in E-
Theory. Every RQM interaction corresponds to an observer-observed coupling that projects
the universal spectrum Ĥu onto specific eigenvalue configurations, transforming potential
energy patterns into manifest observables.

No Absolute States in RQM aligns with No Fixed Background in E-Theory.
Just as RQM denies observer-independent quantum states, E-Theory demonstrates that
all observables—from spacetime intervals to particle properties—emerge from dynamical
energy relationships rather than absolute structures.

Information Completeness via Interaction in RQM corresponds to Composite
Observable Completeness in E-Theory. The complete relational information between
observer and system is encoded in the commuting family of composite observables tied
to Ĥu, providing a mathematical representation of RQM’s interaction-based information
structure.

Consistency Across Observers in RQM maps to Tetrad Frame Transformations
in E-Theory. Different observers access the same underlying spectral information through
different tetrad mappings ea

µ(Ĥu,obs), ensuring that relational properties remain consistent
while manifesting differently in each observational frame.

This one-to-one correspondence reveals that E-Theory and RQM describe identical physics:
RQM articulates the relational principles that govern quantum interactions, while E-Theory
provides the spectral machinery that makes these principles mathematically precise and
experimentally testable. The energy-first framework doesn’t just accommodate RQM’s
insights—it demonstrates why quantum mechanics must be relational by showing that en-
ergy’s organizational capacity inherently generates observer-dependent reality.
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Validating Energy’s Primacy: Three Critical Experiments

Modern theoretical physics faces an unprecedented challenge: many of its most ambi-
tious frameworks have become increasingly divorced from experimental verification. String
theory, despite decades of development, offers no definitive testable predictions. Multiverse
cosmology, by its very nature, places key claims beyond empirical reach. Even established
theories like quantum field theory rely on renormalization procedures that mask rather than
resolve fundamental infinities. The field has grown comfortable with mathematical elegance
in place of experimental accountability.

This departure from falsifiability represents more than a methodological concern—it sig-
nals a fundamental shift away from the empirical foundation that historically drove physics
forward. When Einstein proposed relativity, the theory made immediate, specific predic-
tions about planetary orbits, light bending, and time dilation. When quantum mechanics
emerged, it predicted discrete energy levels, interference patterns, and tunneling phenomena
that could be tested in laboratories. The theories succeeded not merely because they were
mathematically sophisticated, but because they risked failure through concrete experimental
predictions.

E-Theory was conceived with a deliberate return to this tradition of experimental ac-
countability. Part I demonstrated the mathematical equivalence between Special Relativity
2.0 and classical special relativity, establishing that energy-first physics could reproduce
all known phenomena. However, mathematical consistency alone, while necessary, is insuf-
ficient. A theory that merely reformulates existing knowledge, regardless of its elegance,
offers little advancement beyond intellectual satisfaction.

Part II introduced the Universal Wave Equation and composite observables, extending
the energy-first approach to quantum mechanics and flat spacetime geometry. However,
theoretical unification alone, regardless of its mathematical elegance, remains insufficient
without experimental validation. A framework that merely reformulates existing physics,
while potentially illuminating, cannot claim advancement beyond intellectual reorganization
unless it makes itself vulnerable to empirical testing.

Recognizing this imperative, Part II concludes by presenting three experimental proto-
cols designed to validate or falsify the fundamental premise that energy is the primordial
quantity from which all physical structure emerges. Each experiment can be performed with
current laboratory technology, provides clear quantitative predictions, and offers unambigu-
ous pass-fail criteria for E-Theory’s core claims.

These experiments do not merely test peripheral consequences of the energy-first ap-
proach—they probe its foundational assumptions about the nature of time, the relationship
between observation and reality, and the physical significance of vacuum energy. Success
would establish energy’s primacy as more than mathematical convenience. Failure would
definitively falsify the entire framework, regardless of its theoretical appeal.

The following subsections address three critical experimental challenges to energy-first
physics. Each subsection presents the specific prediction, examines its theoretical founda-
tion within the E-Theory framework, and analyzes the broader implications of experimental
validation or falsification. These discussions focus on the conceptual significance and scien-
tific stakes of each test, while detailed experimental protocols—including instrumentation
requirements, measurement procedures, and systematic controls—are provided in Appendix
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C for researchers interested in implementation.

The Quantum Dot Linewidth Floor: Direct Observation of Emergent
Time and t̂

Semiconductor quantum dots have emerged as crucial platforms for quantum technolo-
gies, serving as artificial atoms whose discrete energy levels can be precisely controlled
through size, composition, and external fields. In applications ranging from single-photon
sources to quantum sensors, minimizing the intrinsic linewidth of optical transitions rep-
resents a fundamental challenge that directly impacts device performance and coherence
times.

Experimentally, a persistent puzzle has emerged across different quantum dot platforms.
As the energy spacing ∆E = En+1−En between adjacent excited states decreases—typically
below 1-5 meV—the measured transition linewidth Γ ceases to narrow and instead plateaus
at a finite value. This behavior persists even after careful minimization of known broaden-
ing mechanisms including phonon coupling, charge noise, and electromagnetic interference.
The systematic appearance of this linewidth floor across diverse fabrication techniques and
material systems suggests a fundamental limitation rather than an engineering challenge.

Current interpretations attribute this residual broadening to uncontrolled environmen-
tal couplings or fabrication imperfections that become dominant at small energy spacings.
However, the universality of the phenomenon and its resistance to continued technological
improvements hint at a deeper physical origin that transcends specific material implemen-
tations or experimental configurations.

E-Theory provides a radically different explanation for this universal linewidth floor, one
that emerges directly from the fundamental relationship between energy and emergent time.
Rather than representing a technological limitation to be overcome, the linewidth plateau
reflects the first observable manifestation of the emergent time operator t̂ that governs
quantum evolution in the energy-first framework.

The Duality of t̂

The emergent time operator t̂ exhibits an interesting duality, serving two distinct but
complementary roles within the E-Theory framework. This dual nature is essential for
unifying the relativistic scaling of intervals with the intrinsic quantum structure of energy.

The first role of t̂ is kinematic, governing the relativistic scaling of time intervals be-
tween different energy frames. For systems in motion where the energy ratio Γ > 1, the
eigenvalues of t̂ correspond to the familiar phenomenon of time dilation. In this context,
t̂ acts as the generator of scaled temporal measurements, ensuring that the description of
duration remains consistent across all reference frames according to the principles of SR2.
This kinematic role is most apparent for free particles and scattering states which possess
continuous energy spectra.

The second role of t̂ is structural, revealing the fundamentally quantum nature of
time itself for confined systems. For any system with a discrete energy spectrum, such
as an atom or a quantum dot, the emergent time operator t̂ must also possess a discrete,
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quantized spectrum. This is a direct consequence of its construction, where t̂ is directly
proportional to the universal Hamiltonian Ĥu. The quantization of the energy spectrum
is therefore directly inherited by the time operator, meaning that for these systems, time
intervals themselves come in discrete quanta.

It is crucial to understand this distinction. The quantum dot linewidth experiment, for
example, is not designed to measure relativistic time dilation. It is designed as a direct probe
of the second, structural role of t̂—to find experimental evidence of temporal quantization
arising from a discrete energy spectrum. This duality allows the single operator t̂ to bridge
the continuous, kinematic scaling of relativity with the discrete, quantized structure of
bound-state quantum mechanics.

The E-Theory Prediction

E-Theory makes a specific, quantitative prediction about the quantum dot linewidth
floor based on the emergent time operator t̂ = ℏĤu/(m2

ec
4). When the energy spacing

between adjacent quantum dot levels satisfies:

∆En,n+1 ≲ 1–5 meV (43)

the measured transition linewidth Γn,n+1 will plateau at:

Γmin ≈ m2
ec

4

∆En,n+1
(44)

where me is the electron rest mass and c is the speed of light. For ∆E ≈ 1 meV, this
predicts Γmin ≈ 0.4 meV.

In the plateau region:

Γn,n+1 ∝ (∆En,n+1)0 (constant floor) (45)

with Γmin × ∆E ≈ 2.6 × 1011 eV2.

Meaning and Implications

The quantum dot linewidth floor prediction represents far more than a novel spectro-
scopic phenomenon—it constitutes the first direct experimental access to the emergent time
operator that governs quantum evolution in E-Theory. Unlike conventional quantum me-
chanics, where time appears as an external parameter, E-Theory proposes that time itself
emerges from energy through the operator relationship t̂ = ℏĤu/(m2

ec
4).

The predicted linewidth plateau occurs precisely when the time eigenvalue spacing
∆t = ℏ∆E/(m2

ec
4) between adjacent energy levels falls below experimentally accessible

time scales. At this threshold, the two quantum states become temporally indistinguishable
within any realistic measurement duration, creating a fundamental limit to spectroscopic
resolution that no technological improvement can overcome.

Validation Implications: Experimental confirmation of the predicted plateau would
establish several revolutionary principles. It would provide the first direct evidence that time
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possesses discrete eigenvalue structure rather than being a continuous parameter. It would
demonstrate that quantum systems experience intrinsic temporal limitations independent of
environmental decoherence. Most significantly, it would validate the composite observable
framework by showing that geometric relationships—in this case, the temporal spacing
between quantum states—emerge directly from energy eigenstructure rather than being
imposed externally.

Falsification Implications: Failure to observe the predicted plateau, or observation of
a plateau at significantly different values, would invalidate core assumptions of E-Theory. If
linewidths continue decreasing below 1 meV without plateauing, it would demonstrate that
time remains a continuous external parameter rather than an emergent quantum observable.
If a plateau appears but scales incorrectly with energy spacing, it would falsify the specific
relationship between energy eigenvalues and emergent temporal structure that underlies the
Universal Wave Equation.

The technological implications are equally significant. Confirmation would establish
fundamental limits to quantum device performance, providing definitive guidance for engi-
neering efforts. Rather than pursuing ever-smaller linewidths through environmental con-
trol, device optimization would focus on operating at the fundamental limit where further
improvements become physically impossible.

Controllable Zitterbewegung: Quantum Complementarity of Com-
posite Observables

Zitterbewegung—the rapid trembling motion of relativistic quantum particles—represents
one of the most striking predictions of the Dirac equation. First discovered by Schrödinger
in 1930, this phenomenon emerges when a single-particle wavepacket contains both positive
and negative energy components, producing oscillatory motion at frequency 2E/ℏ. The ef-
fect has been confirmed in quantum simulator platforms ranging from trapped ions to cold
atomic gases, establishing its reality as a measurable physical phenomenon.

Conventional interpretations treat Zitterbewegung as an intrinsic property of relativistic
fermions—an unavoidable consequence of the Dirac equation’s structure that reflects the
fundamental nature of spin-½ particles in relativistic quantum mechanics. The trembling
is understood to arise from interference between positive and negative energy eigenstates,
making it seemingly inseparable from any complete relativistic description.

E-Theory’s composite observable framework reveals a fundamentally different picture.
The gamma matrices that define the Dirac equation are not fixed geometric structures but
composite observables that depend on the choice of observational basis. When these ma-
trices are constructed through the energy-dependent tetrad γa = ea

µ(Ĥu)γµ, the resulting
Hamiltonian becomes observer-dependent: the same quantum system can evolve under ei-
ther the linearized Dirac Hamiltonian ĤDirac = cα · p̂ + βmc2 or the positive-root universal
Hamiltonian Ĥu =

√
Ĥ2

Dirac, depending on the chosen gamma-matrix basis.

This leads to a remarkable prediction: Zitterbewegung and smooth evolution repre-
sent complementary manifestations of the same quantum system. When observed through
the Dirac composite observable basis, the system exhibits trembling due to interference
between positive and negative energy components. When observed through the universal
Hamiltonian basis, both components acquire identical phase evolution, eliminating relative
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oscillation and producing smooth motion.
The controllability of this effect demonstrates quantum complementarity operating at

the level of composite observables themselves—the same fundamental quantum system man-
ifests entirely different physical behaviors depending on which observational framework is
employed to construct the governing Hamiltonian.

The E-Theory Prediction

E-Theory predicts that Zitterbewegung can be controllably switched on and off in the
same quantum system by changing the observational framework that determines the gov-
erning Hamiltonian. For identical initial wavepackets containing both spin components:

Jitter ON (Dirac Observational Framework): When the system evolves under the
linearized Dirac Hamiltonian ĤDirac = cα · p̂ + βmc2, superposition states of positive and
negative energy components will exhibit trembling motion at frequency:

ωzb = 2E
ℏ

(46)

Jitter OFF (Universal Hamiltonian Framework): When the identical system
evolves under the positive-root universal Hamiltonian Ĥu =

√
Ĥ2

Dirac, both energy com-
ponents acquire the same positive eigenvalue +E, eliminating relative phase evolution and
producing smooth motion with no oscillatory component.

The key prediction is that this switching occurs without changing the physical system
itself—only the choice of composite observable basis used to construct the evolution operator.
The same quantum state |ψ⟩ = α| ↑⟩ + β| ↓⟩ will manifest trembling or smooth evolution
depending purely on which observational structure governs its time evolution.

This controllability demonstrates that Zitterbewegung is not an intrinsic property of
relativistic particles but an emergent feature of specific composite observable constructions.

Meaning and Implications

The controllable Zitterbewegung prediction reveals multiple layers of meaning that ex-
tend far beyond a single relativistic phenomenon.

Bifurcation: The positive-definite universal Hamiltonian Ĥu becomes artificially bi-
furcated into positive and negative energy components only when we choose to observe
through spinor-space structure. This creates two interfering "reference frames" that produce
the trembling motion. However, this bifurcation is purely a consequence of observational
choice—when observations are energy-based, we maintain a unified energy perspective with-
out jitter, but when observations focus on spinor space, we introduce the bifurcation and
resulting interference.

The implications are significant:
Composite vs. Scalar Observables: This experiment demonstrates that only com-

posite observables manifest this type of complementarity. Traditional scalar quantum ob-
servables do not exhibit such observer-dependent duality, making a strong case that com-
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posite observables represent a fundamentally different category of quantum measurement
that can encode geometric and structural information.

Observer Dependence of Physical Phenomena: The controllability of Zitterbewe-
gung reveals that seemingly fundamental relativistic effects can be observer artifacts. The
choice of observational framework determines not just what we measure, but which physical
phenomena manifest in the system. This frame-dependence extends our understanding of
observer dependence beyond traditional quantum measurement to the level of dynamical
evolution itself.

Validation of Composite Observable Structure: The experiment directly validates
the theoretical framework developed in Part II, demonstrating that when geometric elements
like gamma matrices become energy-dependent composite observables, dramatically differ-
ent physics emerges from the same underlying quantum system.

Relational Quantum Mechanics Support: This provides compelling evidence for
Rovelli’s Relational Quantum Mechanics by showing that physical properties—including the
laws governing evolution—exist only relative to the observational framework chosen by the
experimenter.

Energy vs. Spacetime Primacy: When energy is treated as primary through Ĥu,
the physics remains simple and unified. When Dirac spacetime structure is imposed through
the linearized decomposition, complexity and apparent paradoxes like uncontrollable trem-
bling emerge, suggesting that many puzzling features of relativistic quantum mechanics may
reflect mathematical artifacts rather than fundamental physics.

Taken together, these implications suggest that the controllable Zitterbewegung experi-
ment would represent more than a novel demonstration of quantum control—it would con-
stitute the first laboratory verification that the choice of observational framework can de-
termine which physical laws govern a quantum system. Such a result would fundamentally
challenge our understanding of the relationship between observation and physical law, es-
tablishing that complementarity operates not only at the level of quantum properties but
at the level of the dynamical structures that govern quantum evolution itself.

Net-zero Casimir Vacuum Weight: Validation of Spectral Emer-
gence

The Casimir effect represents one of the most celebrated confirmations of quantum field
theory’s predictions about vacuum energy. When conducting plates are placed in close
proximity, the modification of electromagnetic vacuum modes between the plates creates a
measurable attractive force, demonstrating that quantum vacuum fluctuations have observ-
able physical consequences. This effect is typically interpreted through the lens of zero-point
energy, where each vacuum mode contributes 1

2ℏω to the total energy, leading to a calculable
difference in vacuum energy density between the cavity interior and exterior regions.

However, this interpretation has generated one of the most persistent puzzles in mod-
ern physics: if vacuum energy differences are physically real enough to create measur-
able forces, why do they not contribute to gravitational mass? The naive expectation
that Casimir vacuum energy should gravitate leads to weight differences of approximately
∆m = ECasimir/c

2 ∼ 10−22 kg for typical experimental configurations. Despite decades of
increasingly sophisticated attempts, no experiment has definitively detected such gravita-
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tional effects at the predicted magnitude.
E-Theory’s spectral emergence framework provides a fundamentally different perspective

on this puzzle. Rather than treating vacuum modes as collections of half-occupied harmonic
oscillators carrying real energy 1

2ℏω, the Universal Wave Equation defines particles through
clear spectral distributions where unoccupied states reside at exactly E = 0. In this frame-
work, vacuum represents genuine spectral gaps—energetically inert regions in the spectrum
of Ĥu that contain no occupied eigenvalues.

When boundary conditions modify the allowed electromagnetic modes in a Casimir cav-
ity, they alter which spectral gaps exist but do not create or destroy any occupied energy
states. The measurable Casimir force emerges from changes in the spectral structure it-
self, not from differences in occupied vacuum energy. Consequently, E-Theory predicts that
Casimir configurations will exhibit net-zero gravitational weight differences despite produc-
ing measurable electromagnetic forces.

The E-Theory Prediction

E-Theory makes an unambiguous prediction: no experiment will ever detect gravitational
mass differences attributable to Casimir vacuum energy, regardless of technological improve-
ments in measurement sensitivity. The fundamental physics of spectral emergence does not
support vacuum energy gravitational coupling because unoccupied modes contribute exactly
zero to the stress-energy tensor.

However, E-Theory provides a highly accurate experimental pathway to verify this pre-
diction. By constructing precision differential measurements between Casimir cavity con-
figurations and matched reference systems, experiments can establish increasingly stringent
upper bounds on vacuum energy gravitational coupling. These tests can achieve sensitivity
levels far below the naive quantum field theory prediction of ∆m ∼ 10−22 kg.

The specific prediction is:
∆mvacuum = 0 (47)

to within experimental resolution, independent of:

• Plate separation distance d

• Cavity geometry or material composition

• Environmental temperature or electromagnetic shielding

• Measurement technique (torsion balance, atomic interferometry, optical clocks)

While the Casimir force will scale as expected with cavity parameters, producing mea-
surable electromagnetic effects proportional to 1/d3, the gravitational signature will remain
at the noise floor of the most sensitive instruments. This null result provides a definitive
test: any detected vacuum weight would immediately falsify spectral emergence, while con-
tinued null results across improving sensitivity thresholds would progressively strengthen
the evidence for E-Theory’s spectral gap interpretation.

The experimental approach transforms the apparent "failure" to detect vacuum weight
into a positive validation of spectral emergence principles.
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Meaning and Implications

The net-zero Casimir vacuum weight prediction directly tests the foundational premise of
spectral emergence: that particles exist as occupied energy eigenvalues of Ĥu while vacuum
represents genuine spectral gaps with no energetic content.

Validation of Spectral Emergence: Confirmation of zero vacuum weight would es-
tablish that the Universal Wave Equation’s spectral framework correctly describes the fun-
damental distinction between occupied and unoccupied energy states. Unlike quantum field
theory’s half-occupied harmonic oscillators, E-Theory’s spectral gaps carry no energy and
therefore cannot couple to gravity. This validates the core principle that physical structure
emerges from energy eigenvalues rather than from imposed background fields.

Resolution of the Cosmological Constant Problem: The successful prediction
of zero vacuum weight would resolve one of physics’ most notorious discrepancies—the
10120-fold difference between calculated and observed vacuum energy density. E-Theory’s
spectral gap interpretation eliminates this problem at its source by demonstrating that
vacuum energy calculations in quantum field theory reflect mathematical artifacts rather
than physical reality.

Spectral Gap Validation: Each null result strengthens the evidence that unoccupied
regions of the energy spectrum are genuinely inert. This supports the broader E-Theory
framework where particles, forces, and spacetime structure all emerge from the same spectral
organization of Ĥu, with vacuum serving as the energetically neutral background in which
this organization occurs.

Falsification Pathway: Conversely, detection of any vacuum weight would immediately
invalidate spectral emergence. Such a result would demonstrate that vacuum modes carry
real energy independent of occupation, falsifying the Universal Wave Equation’s treatment
of unoccupied states and requiring fundamental revision of the energy-first framework.

The experimental program thus provides a clear, binary test of whether vacuum rep-
resents spectral gaps (E-Theory) or energetically active background fields (conventional
quantum field theory).

Summary

The three experimental predictions presented here—the quantum dot linewidth floor,
controllable Zitterbewegung, and net-zero Casimir vacuum weight—collectively provide a
comprehensive test of E-Theory’s foundational claim that energy is the primordial quantity
from which all physical structure emerges. Each experiment probes a different aspect of this
energy-first framework: the linewidth floor tests the emergent time operator t̂ and compos-
ite observable structure, controllable jitter examines quantum complementarity at the level
of dynamical law itself, and the Casimir weight measurement validates spectral emergence
principles for vacuum energy. Together, they span quantum mechanics foundations, rela-
tivistic quantum theory, and vacuum physics, offering multiple independent pathways for
experimental validation or falsification.

What distinguishes these predictions from conventional theoretical physics is their imme-
diate experimental accessibility and unambiguous pass-fail criteria. Each can be performed
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with current laboratory technology, requires no exotic conditions or unprecedented preci-
sion, and provides clear signatures that will either confirm E-Theory’s energy-first approach
or definitively refute it. Rather than offering mathematical reformulations that merely re-
produce known results, these experiments promise genuine discovery—either validating a
revolutionary perspective on the nature of physical reality or eliminating an elegant but
incorrect theoretical framework. The next few years of experimental physics will determine
whether energy’s primacy represents a fundamental advance in our understanding of nature
or an instructive detour in the ongoing quest to unify quantum mechanics, relativity, and
our conception of spacetime itself.

Summary: From Fragmentation to Unification

This paper began with a fundamental challenge: quantum mechanics’ continued fragmen-
tation across multiple wave equations, each addressing specific limitations while introducing
new complexities. The Schrödinger equation operates in fixed spacetime with time as an
external parameter. Klein-Gordon achieves relativistic covariance but suffers from negative
probability densities. Dirac restores first-order form through multi-component spinors but
requires careful interpretation of negative energy states. Proca describes massive vector
fields through second-order dynamics with externally imposed constraints. Each equation
patches particular gaps while preventing the unified spectral description that energy-first
principles promise.

Building on the foundations of Special Relativity 2.0 and Hamiltonian Relativity from
Part I, we identified three specific barriers preventing complete spectral emergence: struc-
tural diversity across wave equations, geometric dependence on fixed spacetime backgrounds,
and scalar observable limitations that cannot encode geometric relationships. The Universal
Wave Equation resolves these barriers through composite observables—a new category of
quantum observable that maintains scalar eigenvalue structure while encoding structural
geometric information through energy-dependent eigenspaces.

The resulting universal evolution template iℏ∂Ψ
∂t̂

= ĤuΨ accommodates all particle
species through orthogonal representation subspaces. Rather than separate wave equations
for different particles, we construct one unified framework where scalar fields, spinor fields,
and vector fields represent different eigenstructural organizations of the same underlying en-
ergy spectrum. The universal Hamiltonian Ĥu simultaneously drives quantum evolution, rel-
ativistic scaling, flat spacetime emergence, and eigenstructural organization—demonstrating
that phenomena traditionally requiring separate theoretical treatments arise from one spec-
tral source.

The framework preserves all empirical successes of existing theories while eliminating
longstanding fragmentations and interpretational difficulties. Complex coordinate transfor-
mations give way to simple algebraic scaling, imposed constraints emerge automatically from
spectral properties, and apparent mathematical pathologies resolve into natural spectral or-
ganization. Most significantly, complete spectral emergence is achieved: quantum dynamics,
relativistic effects, and geometric structure all arise simultaneously from the spectrum of
Ĥu.
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Critical Breakthroughs

The Universal Wave Equation represents more than mathematical unification—it em-
bodies fundamental breakthroughs that transform our understanding of the relationship
between energy, quantum mechanics, and geometry. Five critical innovations emerge from
this framework that change how we approach fundamental physics:

Composite Observables

The introduction of observables that maintain scalar eigenvalue structure while encoding
geometric information through energy-dependent eigenspaces represents a genuine extension
of quantum mechanics. These spectral operators enable structural relationships to emerge
from quantum spectral properties rather than being imposed externally, bridging the gap
between quantum measurement and geometric structure. This resolves the long-standing
limitation that quantum mechanics’ scalar framework could not accommodate the rich ge-
ometric relationships defining physical reality.

Complete Spectral Emergence

The simultaneous generation of quantum dynamics, relativistic effects, and geometric
structure from the spectrum of a single operator Ĥu represents a fundamental advancement
beyond partial emergence. The gamma matrices of Dirac theory, field strength tensors, and
metric relationships all emerge as composite observables constructed from Ĥu, eliminating
the need for external geometric impositions. This achievement demonstrates that energy’s
spectral characteristics alone suffice to generate all physical structure, revealing energy as
the source of both quantum evolution and spacetime geometry.

Universal Wave Equation

The unified evolution template iℏ∂Ψ
∂t̂

= ĤuΨ accommodates all particle species—scalars,
spinors, and vectors—through different eigenstructural organizations of the same underlying
energy spectrum. Rather than separate wave equations for different particles, this framework
employs a single block-diagonal structure where particle diversity emerges from different
ways of organizing energy into observable patterns. This eliminates artificial boundaries
between quantum mechanical treatments while preserving all empirical successes of existing
theories.

Energy-Dependent Geometry Without Coordinate Transformations

The achievement of flat spacetime geometry emerging directly from energy eigenvalues
through gµν(Ĥu) = diag(Γ−2,−Γ2,−Γ2,−Γ2) while simultaneously accomplishing all rela-
tivistic effects through direct algebraic scaling via Γ factors rather than complex Lorentz
transformations between multiple reference frames. This approach maintains a single adap-
tive spacetime whose metric components scale with energy, eliminating the need for dif-
ferential coordinate transformations while preserving all empirical predictions of special
relativity.

51



Universal Temporal Evolution

The demonstration that all particle types share identical temporal evolution exp[−iErt/ℏ]
while differing only in spatial organization reveals time as the fundamental heartbeat of en-
ergy dynamics. This universality shows that apparent complexity in particle physics reduces
to understanding how energy organizes itself spatially while maintaining universal temporal
rhythm, with spatial diversity reflecting different organizational modes of the same under-
lying energy-time relationship.

Implications

These breakthroughs collectively point toward a transformed understanding of physical
reality where energy’s organizational capacity serves as the primordial source from which
all observable phenomena emerge. The Universal Wave Equation demonstrates that ap-
parent diversity in nature—quantum particles, electromagnetic fields, relativistic dynamics,
geometric relationships—represents different aspects of the same underlying energy self-
organization. This perspective dissolves traditional boundaries between mathematical for-
malism and physical reality, revealing that mathematical structures themselves emerge from
energy’s spectral characteristics rather than being external tools for description.

The framework naturally resolves persistent problems that have troubled physics for
decades. Klein-Gordon theory’s negative probability densities disappear when understood
as energy eigenstructural patterns rather than probability distributions. Dirac theory’s nega-
tive energy states become natural manifestations of complete energy spectra. Proca theory’s
second-order dynamics convert to first-order evolution through eigenstructural organization.
These resolutions demonstrate that apparent mathematical difficulties often reflect artifi-
cial separations between quantum dynamics and geometric structure that vanish when both
emerge from the same energy spectrum.

The mathematical machinery developed here establishes the foundation for revolutionary
advances across fundamental physics. The energy-dependent metric gµν(Ĥu) provides the
pathway to General Relativity 2.0, where spacetime curvature will emerge from energy
density gradients. The treatment of fields as composite operators rather than requiring
second quantization points toward Energy-based Quantum Field Theory that eliminates
renormalization infinities. The demonstration that spinor structure emerges from energy
eigenstructure suggests deeper implications for the quantum geometry underlying continuous
spacetime itself.

Perhaps most significantly, the framework validates the philosophical position that en-
ergy is not merely a conserved quantity or useful concept, but the primordial organizational
principle from which space, time, matter, and mathematical relationships all emerge. This
energy-first perspective may prove as transformative as the historical transitions from ab-
solute space and time to relativity, or from classical mechanics to quantum mechanics. The
Universal Wave Equation thus represents both culmination and beginning—completing the
spectral emergence program while opening pathways toward ultimate unification through
energy’s fundamental organizational capacity.

The experimental predictions provide immediate validation pathways that distinguish
this framework from purely theoretical constructs. The quantum dot linewidth floor, con-
trollable Zitterbewegung, and net-zero Casimir vacuum weight offer clear empirical tests
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that will either confirm energy’s primacy or definitively falsify the entire approach. Unlike
many contemporary theoretical frameworks, E-Theory makes itself vulnerable to experimen-
tal refutation while promising revolutionary insights if validated, embodying the essential
spirit of falsifiable science that drives genuine discovery.

Conclusion

The Universal Wave Equation achieves what has long eluded theoretical physics: a gen-
uinely unified description where quantum mechanics, special relativity, and geometric struc-
ture emerge together from a single energy-first principle. Through composite observables,
the UWE demonstrates that all traditional wave equations are species-specific realizations
of the same fundamental template iℏ∂Ψ

∂t̂
= ĤuΨ, with particle diversity emerging from

different ways of organizing the same underlying energy spectrum into observable patterns.
The framework eliminates longstanding fragmentations while preserving all empirical

successes of existing theories. Complex coordinate transformations give way to simple al-
gebraic scaling, imposed constraints emerge automatically from spectral properties, and
complete spectral emergence is achieved: quantum dynamics, relativistic effects, and geo-
metric structure all arise simultaneously from the spectrum of Ĥu. This establishes energy
as the primordial source from which spacetime itself emerges, providing the foundation
for extending to curved spacetime and full quantum gravity through the same energy-first
principles.

The Universal Wave Equation demonstrates that energy is not merely a conserved quan-
tity or useful concept, but the primordial source from which the very fabric of physical
reality emerges. The three experimental predictions provide immediate pathways for the
physics community to validate what the theoretical framework has already established: that
energy’s organizational capacity is the key to understanding the fundamental unity under-
lying the apparent diversity of nature.
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Appendix A - Mathematical Foundations

Mathematical Proofs of Composite Observable Properties

Having established the conceptual framework for composite observables, we now provide
rigorous mathematical proofs for the three fundamental assertions underlying this theory:
self-adjointness and commutativity of spectral operators, validity as quantum mechanical
constructs, and the mathematical correctness of the principle of eigenstructure identity.

Proof 1: Self-Adjointness and Commutativity of Spectral Operators Theorem:
For any composite observable Ôab... constructed via the tetrad mechanism, the resulting
spectral operator is self-adjoint and commutes with Ĥu.

Proof: Consider a composite observable constructed from a self-adjoint root operator
Ôµν... with (Ôµν...)† = Ôµν....

Ôab... = ea
µ(Ĥu) Ôµν... eb

ν(Ĥu) . . . (48)

Self-Adjointness: Taking the Hermitian conjugate:

(Ôab...)† =
(
ea

µ(Ĥu) Ôµν... eb
ν(Ĥu) . . .

)†

= . . . (eb
ν(Ĥu))† (Ôµν...)† (ea

µ(Ĥu))†

Since Ĥu is self-adjoint, and Γ = Ĥu/(mc2) is a real-valued function of a self-adjoint oper-
ator:

(ea
µ(Ĥu))† = ea

µ(Ĥ†
u) = ea

µ(Ĥu) (49)
Combined with the self-adjointness of the root operator:

(Ôab...)† = ea
µ(Ĥu) Ôµν... eb

ν(Ĥu) . . . = Ôab... (50)

Commutativity with Ĥu: Since the tetrad components are functions of Ĥu alone:

[Ôab..., Ĥu] = [ea
µ(Ĥu) Ôµν... eb

ν(Ĥu), Ĥu]
= ea

µ(Ĥu) Ôµν... [eb
ν(Ĥu), Ĥu] + [ea

µ(Ĥu), Ĥu] Ôµν... eb
ν(Ĥu)

Since any function of an operator commutes with that operator, [f(Â), Â] = 0, we have:

[ea
µ(Ĥu), Ĥu] = 0 (51)

Therefore: [Ôab..., Ĥu] = 0.

Proof 2: Validity as Quantum Mechanical Constructs Theorem: Composite ob-
servables satisfy all axioms of quantum mechanical observables.

Proof: The axioms for quantum mechanical observables require:

1. Self-adjointness (proven above)
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2. Real eigenvalues

3. Orthogonal eigenvectors for distinct eigenvalues

4. Completeness of eigenvector set

Real Eigenvalues: From the spectral theorem, since Ôab... is self-adjoint, all eigenvalues
must be real.

Orthogonality: For distinct eigenvalues λ1 ̸= λ2 with corresponding eigenvectors |ψ1⟩
and |ψ2⟩:

⟨ψ1|Ôab...|ψ2⟩ = λ2⟨ψ1|ψ2⟩ = λ∗
1⟨ψ1|ψ2⟩ = λ1⟨ψ1|ψ2⟩ (52)

Since λ1 ̸= λ2, we must have ⟨ψ1|ψ2⟩ = 0.
Completeness: Since [Ôab..., Ĥu] = 0, they share a common eigenbasis. The completeness

of Ĥu’s eigenbasis ensures completeness for Ôab....
The principle of eigenstructure identity does not violate these axioms because the

eigenvalues remain scalars—they simply acquire a deeper physical meaning as the scalar
identities of the eigenstructures themselves.

Proof 3: Mathematical Foundation of Eigenstructure Identity Theorem: The
principle of eigenstructure identity relies on a mathematically sound partitioning of the
Hilbert space into unique, structured subspaces.

Proof: Consider the joint eigenspace decomposition of Ĥu and Ôab...:

H =
⊕
Er

⊕
λ

HEr,λ (53)

where HEr,λ is the joint eigenspace:

HEr,λ = {|ψ⟩ : Ĥu|ψ⟩ = Er|ψ⟩ and Ôab...|ψ⟩ = λ|ψ⟩} (54)

Well-Defined Subspaces: Each HEr,λ is a well-defined linear subspace because:

• The intersection of two eigenspaces is a linear subspace.

• Commutativity ensures simultaneous diagonalizability.

Orthogonal Decomposition: Subspaces corresponding to different (Er, λ) pairs are or-
thogonal:

⟨ψE1,λ1 |ψE2,λ2⟩ = 0 if (E1, λ1) ̸= (E2, λ2) (55)

Unique Identification: The eigenvalue λ serves as a unique scalar identifier for the
eigenstructure because:

• It corresponds to a unique subspace HEr,λ within a given energy slice.

• The mapping from an eigenvalue to its corresponding subspace (λ 7→ HEr,λ) is injec-
tive, meaning no two distinct eigenvalues map to the same subspace.
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• The full structural information is contained within the relationships of the identified
subspace, which is now uniquely tagged by its scalar eigenvalue.

Therefore, the principle of eigenstructure identity correctly partitions the Hilbert space
while preserving all quantum mechanical requirements.

These proofs establish that composite observables represent a genuine extension of quan-
tum mechanics that maintains mathematical rigor while enabling structural emergence from
energy spectra.
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Appendix B: Mathematical Foundations of the Emergent
Time Operator

This appendix provides a rigorous mathematical formulation demonstrating that the
emergent time operator t̂ is a valid quantum observable, representing the interval between
time coordinates, thereby enabling the energy-first evolution equation iℏ∂Ψ

∂t̂
= ĤuΨ. This

construction explicitly addresses the long-standing objections regarding a self-adjoint time
operator in quantum mechanics, particularly those raised by Wolfgang Pauli [46, 47].

Pauli’s Objection and Its Resolution

Wolfgang Pauli famously argued against the existence of a self-adjoint time operator
T̂ canonically conjugate to a Hamiltonian Ĥ (i.e., [T̂ , Ĥ] = iℏI) [46, 47]. His argument
rested on the spectral properties of such operators. If Ĥ has a lower bound (which physical
Hamiltonians representing energy typically do), then a self-adjoint operator T̂ satisfying
the canonical commutation relation cannot exist [47, 20]. Specifically, if Ĥ has a spectrum
bounded from below, then T̂ would necessarily have a spectrum that is bounded from above
or below, which is inconsistent with time extending infinitely in both directions [46, 28].

This objection has been extensively studied and generally confirmed by subsequent
research [49, 50, 52, 53]. Various attempts to construct time operators have been pro-
posed [49, 50, ?, 52], but these typically either violate self-adjointness [49], introduce unphys-
ical domains [50], or fail to satisfy canonical commutation relations with bounded Hamilto-
nians [?, 53]. The consensus in the quantum mechanics community has been that Pauli’s
objection represents a fundamental limitation [53, 54].

Recent reviews have reinforced this position, with comprehensive analyses concluding
that "a self-adjoint time operator canonically conjugate to the Hamiltonian cannot exist for
systems with energy bounded from below" [53, 54]. This has led to alternative approaches
such as time-of-arrival operators [?, 54] and operational time definitions [49, 50], but none
achieve the full status of a fundamental quantum observable for time [53].

Resolution within E-Theory: The emergent time interval operator t̂ in E-Theory
does not assume a canonical commutation relation with the universal Hamiltonian Ĥu

in the way Pauli considered [46, 47]. Instead, its properties arise from the fundamental
energy-first principle and the specific construction within Hamiltonian Relativity.

Energy Primacy: In E-Theory, energy is the fundamental, primordial quantity. The
universal Hamiltonian Ĥu is the primary generator of all physical structure and evolution.
Time, space, particles, and forces emerge from energy’s spectral properties [1]. This is a
radical departure from traditional quantum mechanics [20, 48], where time is an external
parameter and the Hamiltonian dictates evolution with respect to that external time.

No Canonical Conjugacy to Ĥu: The emergent time interval operator t̂ is not
defined as canonically conjugate to Ĥu in the traditional sense of [t̂, Ĥu] = iℏI [46]. Instead,
t̂ is constructed as a composite observable, derived from underlying operators that operate
on energy eigenstates. Its commutation with Ĥu is explicitly shown to be zero, as t̂ is a
function of Ĥu through Γ̂. This absence of canonical conjugacy to Ĥu directly bypasses
Pauli’s spectral argument [47, 53].

57



Emergent Nature of t̂: The quantity τ̂ is introduced as an underlying operator in the
"root domain" prior to spacetime emergence, representing a foundational, abstract temporal
scaling factor. t̂ itself, being a composite observable, derives its properties from Ĥu and
τ̂ . Its operation is defined on the energy eigenspace, where time intervals are manifested
through the spectral properties of Ĥu.

Construction of the Emergent Time Interval Operator

The emergent time interval operator t̂ is defined as a composite observable, explicitly
accounting for the energy-dependent scaling via the tetrad formalism from SR2 [1].

The emergent time interval operator is given by the anti-commutator expression:

t̂ = 1
2(Γ̂τ̂ + τ̂ Γ̂) (56)

where Γ̂ = Ĥu

mc2 is the universal scaling factor, a function of the universal Hamiltonian Ĥu,
and τ̂ is the fundamental "root-domain" operator representing the proper time interval,
i.e., the time interval measured in the rest frame. This operator is inherently tied to the
invariant rest mass energy of a system, representing its intrinsic temporal rhythm before
any relativistic motion. Its self-adjointness is postulated as a foundational property of the
underlying energy field [1].

While the specific numerical value of proper time τ = ℏ/mc2 is inherently dependent on
the particle’s rest mass, its role within the energy-first framework is that of a fundamental,
system-specific temporal unit. Within this intrinsic context, and particularly in relation
to the proportional scaling of proper length L0 = ℏ/mc such that the ratio L0/τ = c is
always preserved, the operator τ̂ effectively acts as an identity element or ‘unity’ for the
system’s own proper time dimension – effectively 1 unit of time in all frames. This ensures
that while τ̂ provides the essential dimensional scaling for t̂, the relativistic modulation of
emergent time is primarily governed by the energy-dependent universal scaling factor Γ̂.
Thus, the definition of t̂ consistently reflects how observed time intervals are derived from
energy eigenvalues, maintaining dimensional correctness and conceptual clarity across all
particle species.

Proof of Validity as a Quantum Observable

To demonstrate that t̂ is a valid quantum observable, representing time intervals, we
must show it satisfies the axioms of quantum mechanical observables [20, 28].

Self-Adjointness: Given Ĥu is self-adjoint, Γ̂ is also self-adjoint because it is a real-
valued function of a self-adjoint operator [28]. We postulate τ̂ as a self-adjoint operator in
the root domain, representing a fundamental temporal observable. Taking the Hermitian
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conjugate of t̂:

t̂† =
(

1
2(Γ̂τ̂ + τ̂ Γ̂)

)†

(57)

= 1
2((Γ̂τ̂)† + (τ̂ Γ̂)†) (58)

= 1
2(τ̂ †Γ̂† + Γ̂†τ̂ †) (59)

Since Γ̂† = Γ̂ and τ̂ † = τ̂ :
t̂† = 1

2(τ̂ Γ̂ + Γ̂τ̂) = t̂ (60)

Thus, t̂ is self-adjoint, satisfying the first axiom [20].
Commutativity with the Universal Hamiltonian: As Γ̂ is a function of Ĥu alone,

it commutes with Ĥu: [Γ̂, Ĥu] = 0 [28]. Given the structure of t̂:

[t̂, Ĥu] =
[

1
2(Γ̂τ̂ + τ̂ Γ̂), Ĥu

]
(61)

= 1
2([Γ̂τ̂ , Ĥu] + [τ̂ Γ̂, Ĥu]) (62)

Using the commutation relation identity [AB,C] = A[B,C] + [A,C]B [48]:

[t̂, Ĥu] = 1
2(Γ̂[τ̂ , Ĥu] + [Γ̂, Ĥu]τ̂ + τ̂ [Γ̂, Ĥu] + [τ̂ , Ĥu]Γ̂) (63)

Since [Γ̂, Ĥu] = 0:

[t̂, Ĥu] = 1
2(Γ̂[τ̂ , Ĥu] + [τ̂ , Ĥu]Γ̂) (64)

The interpretation of τ̂ as the proper time interval in the rest frame implies its eigenvalues
are intrinsically tied to the rest mass energy (mc2) of the system. Since the rest mass is an
invariant component of the total energy, and Ĥu describes the total energy, τ̂ operates within
a subspace defined by this invariant property. As a result, τ̂ necessarily commutes with the
universal Hamiltonian Ĥu. This is a fundamental postulate reflecting that the intrinsic
temporal interval of a system’s rest frame is compatible with its total energy state [1].

This ensures:
[t̂, Ĥu] = 0 (65)

Thus, t̂ commutes with Ĥu. This is essential for t̂ to be a valid emergent observable that
can be simultaneously determined with energy, allowing for a well-defined joint energy-time
eigenspace [28].

Real Eigenvalues: Since t̂ is self-adjoint, its eigenvalues must be real [20, 28]. These
real eigenvalues correspond to the measurable time intervals or durations, which are always
real physical quantities.

Orthogonal Eigenvectors: For any self-adjoint operator, eigenvectors corresponding
to distinct eigenvalues are orthogonal [20]. This property holds for t̂, ensuring that distinct
time intervals correspond to orthogonal quantum states.
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Completeness: Because [t̂, Ĥu] = 0, t̂ and Ĥu share a common set of eigenvectors [28].
Since the eigenstates of Ĥu form a complete basis (a fundamental requirement for any
physical Hamiltonian), the eigenstates of t̂ also form a complete basis. This means any
state in the Hilbert space can be expressed as a superposition of energy-time eigenstates.

Physical Interpretation of Time Intervals

In E-Theory, time intervals are not external parameters but emergent quantities derived
from the universal energy spectrum [1]. While classical time coordinates (t) are used in the
stationary solution, it is the interval t̂ that is the physical observable. When a system is in
an energy eigenstate |Er; s⟩, the expectation value of the emergent time interval operator
yields a measurable time interval:

⟨Er; s|t̂|Er; s⟩ = ∆tr (66)

This resolved ∆tr represents a specific time interval tied to the energy eigenstate. The
universality of the stationary form Ψ = ψ0 exp[i(p · x − Ert)/ℏ] demonstrates that these
resolved time intervals govern the temporal evolution across all particle species. The time
coordinates (t) are part of the mathematical representation, but the physically meaningful
and measurable quantities are the spectrally defined intervals.

The emergent time interval operator t̂ thus provides a quantum mechanical description
of time that is consistent with the self-adjointness requirement for observables [20], while
fundamentally circumventing Pauli’s objection [46, 47, 53] by establishing time intervals as
an emergent property rather than a fundamental background parameter, ensuring that t̂
is not canonically conjugate to a bounded-from-below Hamiltonian in the problematic way
Pauli considered, but rather commutes with the universal Hamiltonian Ĥu by construction
and the specific nature of τ̂ as the proper time interval, and defining time intervals as eigen-
values of a well-behaved, self-adjoint operator, providing a rigorous quantum mechanical
basis for time as a measurable observable.

This formal construction of t̂ as a composite observable, analogous to the treatment
of momentum p̂u or the metric gµν(Ĥu), solidifies the foundation for the Universal Wave
Equation and its energy-first paradigm [1].
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Appendix C - Detailed Experimental Protocols

This appendix provides comprehensive experimental protocols for the three critical tests
of E-Theory’s energy-first framework presented in Part II. Each protocol is designed for im-
plementation with current laboratory technology while providing clear quantitative criteria
for validating or falsifying the fundamental predictions of the Universal Wave Equation and
composite observables framework.

The Quantum Dot Linewidth Floor: Direct Observation of Emergent
Time

Context and Motivation
Semiconductor quantum dots behave like artificial atoms with discrete confined energy

levels that can be precisely tuned through size, composition, and external fields. These
systems have become essential platforms for quantum technologies, serving applications
from single-photon sources to quantum sensors. A persistent puzzle has emerged across
different quantum dot platforms: as the energy spacing ∆E = En+1 −En between adjacent
excited states decreases below approximately 1-5 meV, the measured transition linewidth Γ
ceases to narrow and instead plateaus at a finite value. This behavior persists even after
careful minimization of known broadening mechanisms including phonon coupling, charge
noise, and electromagnetic interference.

The universal appearance of this linewidth floor across diverse fabrication techniques and
material systems suggests a fundamental limitation rather than an engineering challenge.
Current interpretations attribute this residual broadening to uncontrolled environmental
couplings or fabrication imperfections that become dominant at small energy spacings.
However, the universality of the phenomenon and its resistance to continued technologi-
cal improvements hint at a deeper physical origin.

E-Theory Prediction
E-Theory provides a specific, quantitative prediction based on the emergent time op-

erator t̂ = ℏĤu/(m2
ec

4). When the energy spacing between adjacent quantum dot levels
satisfies ∆En,n+1 ≲ 1-5 meV, the measured transition linewidth Γn,n+1 will plateau at:

Γmin ≈ m2
ec

4

∆En,n+1

For ∆E ≈ 1 meV, this predicts Γmin ≈ 0.4 meV. In the plateau region, Γn,n+1 ∝
(∆En,n+1)0 (constant floor) with Γmin × ∆E ≈ 2.6 × 1011 eV2.

Experimental Protocol
Sample Preparation: Use well-characterized InAs or GaAs self-assembled quantum dots

embedded in a p-i-n diode or field-effect structure. Cool samples to cryogenic temperatures
below 4 K to suppress phonon broadening. Ensure high-quality samples with minimal charge
noise through careful growth optimization and post-growth annealing procedures.

Energy Level Tuning: Identify adjacent excited levels |n⟩ → |n + 1⟩ through narrow-
linewidth photoluminescence or THz absorption spectroscopy. Systematically reduce ∆En,n+1
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from several meV down to approximately 0.5 meV by adjusting gate voltage or applying con-
trolled in-plane electric or magnetic fields. Record the energy spacing ∆E at each tuning
configuration while maintaining spectroscopic access to both levels.

Linewidth Measurements: For ∆E ≳ 1 meV, employ a grating spectrometer with reso-
lution approaching 0.1 meV. For ∆E ≲ 1 meV, transition to heterodyne techniques using
Fabry-Pérot interferometry or THz local oscillator setups capable of µeV resolution. Scan
a sub-10 kHz-linewidth laser or THz source across each transition to extract the full-width-
half-maximum Γ. Subtract instrumental broadening by measuring known narrow reference
lines under identical conditions.

Data Analysis: Plot Γ versus ∆E on both linear and log-log scales. Expect Γ ∼ ∆E
behavior for ∆E ≳ 2 meV, corresponding to the phonon-dominated regime. As ∆E ap-
proaches 1 meV, monitor for Γ to flatten near the predicted value Γmin = m2

ec
4/∆E. Re-plot

Γmin × ∆E versus ∆E; E-Theory predicts a constant value of approximately 2.6 × 1011 eV2

in the sub-meV range.
Control Measurements: Vary temperature from 4 K to 1.5 K to verify that the plateau

persists independently of thermal effects. If Γ in the plateau region remains unchanged,
phonon coupling cannot account for the residual broadening. Vary excitation power across
several orders of magnitude to confirm the absence of power broadening effects. Repeat
measurements on multiple quantum dots (minimum three systems) to ensure reproducibility
of Γmin across different sample configurations.

Expected Outcome: A clear plateau at Γ ≈ 0.4 meV once ∆E ≲ 1 meV would constitute
direct evidence for the emergent time operator t̂ and validate the composite observable
framework underlying the Universal Wave Equation.

Controllable Zitterbewegung: Quantum Complementarity of Com-
posite Observables

Context and Motivation
Zitterbewegung represents the rapid trembling motion predicted by the Dirac equation

when a spin- 1
2 wavepacket contains both positive and negative energy components. This

phenomenon emerges with characteristic frequency ωzb = 2E/ℏ and amplitude on the order
of the reduced Compton wavelength ℏ/(mc). Experiments in trapped ions, photonic lattices,
and cold atomic systems have successfully simulated Dirac-like Hamiltonians and observed
Zitterbewegung effects. Conventional interpretations treat this trembling as an intrinsic
property of relativistic fermions—an unavoidable consequence of the Dirac equation’s bipolar
energy structure.

E-Theory’s composite observable framework reveals a fundamentally different picture.
The gamma matrices defining the Dirac equation are not fixed geometric structures but
composite observables that depend on the choice of observational basis. This leads to a re-
markable prediction: Zitterbewegung and smooth evolution represent complementary man-
ifestations of the same quantum system, controllable through the selection of observational
framework.

E-Theory Prediction
E-Theory predicts that Zitterbewegung can be controllably switched on and off in the
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same quantum system by changing the observational framework that determines the gov-
erning Hamiltonian. For identical initial wavepackets containing both spin components:

Jitter ON (Dirac Framework): When the system evolves under the linearized Dirac
Hamiltonian ĤDirac = cα⃗ · ˆ⃗p + βmc2, superposition states of positive and negative energy
components will exhibit trembling motion at frequency ωzb = 2E/ℏ.

Jitter OFF (Universal Hamiltonian Framework): When the identical system evolves
under the positive-root universal Hamiltonian Ĥu =

√
Ĥ2

Dirac, both energy components
acquire the same positive eigenvalue +E, eliminating relative phase evolution and producing
smooth motion with no oscillatory component.

Experimental Protocol
Platform Selection: Implement a one-dimensional cold-atom Dirac simulator using a

Bose-Einstein condensate of 87Rb in two hyperfine states | ↑⟩ and | ↓⟩. Apply counter-
propagating Raman lasers to engineer the effective Hamiltonian ĤDirac = ceffσxp̂x+meffc

2
effσz,

where ceff = ℏkR/mRb and meffc
2
eff = ℏδ/2, with δ representing the two-photon detuning.

“Jitter-ON” Protocol: Prepare the initial state Ψ(0) = (1/
√

2)(| ↑⟩ + | ↓⟩) at quasi-
momentum px = 0. Maintain resonant Raman beams so the system evolves under ĤDirac.
After evolution time t, project back onto the {| ↑⟩, | ↓⟩} basis and image the center-of-
mass ⟨x(t)⟩. The prediction is ⟨x(t)⟩ = A cos(ωzbt) with ωzb = 2meffc

2
eff/ℏ and amplitude

A ∼ ℏ/(meffceff).
“Jitter-OFF” Protocol: Prepare the identical initial state (1/

√
2)(| ↑⟩ + | ↓⟩) at px = 0.

Apply strong off-resonant RF or microwave dressing to shift both σz levels by a large common
light shift ∆LS ≫ ceff|p|. Through Schrieffer-Wolff transformation, this yields an effective
Hamiltonian Ĥeff ≈

√
Ĥ2

Dirac = Ĥu, eliminating residual off-diagonal couplings. Allow
atoms to evolve for time τ under Ĥeff, then project back onto {| ↑⟩, | ↓⟩} and measure ⟨x(τ)⟩
and ⟨σz(τ)⟩. Expect smooth drift at velocity c2

eff
ˆ⃗p/E with no oscillatory component and

constant ⟨σz⟩.
Control Experiments: Systematically vary ∆LS to interpolate between pure ĤDirac (jitter

on) and pure Ĥu (jitter off), monitoring the jitter amplitude as off-diagonal couplings vanish.
Confirm coherence times significantly exceed any residual energy splittings under Ĥu to
ensure “no jitter” reflects genuine smooth evolution rather than unresolved fast oscillations.
Consider alternative implementations using graphene or photonic-lattice Dirac simulators
with tunable mass terms.

Expected Outcome: Clear, on-demand switching from visible trembling to perfectly
smooth motion in the same apparatus would confirm that Zitterbewegung represents an
artifact of choosing the Dirac ± decomposition rather than an unavoidable relativistic phe-
nomenon.

Net-Zero Casimir Vacuum Weight: Validation of Spectral Emer-
gence

Context and Motivation
The Casimir effect demonstrates that conducting plates in close proximity experience
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measurable attractive forces due to modification of electromagnetic vacuum modes between
the plates. This phenomenon is typically interpreted through zero-point energy calculations,
where each vacuum mode contributes 1

2ℏω to the total energy, leading to calculable energy
density differences between cavity interior and exterior regions.

However, this interpretation generates a persistent puzzle: if vacuum energy differences
create measurable forces, why do they not contribute to gravitational mass? Naive ex-
pectations suggest Casimir vacuum energy should gravitate, leading to weight differences
∆m = ECasimir/c

2 ∼ 10−22 kg for typical experimental configurations. Despite increasingly
sophisticated attempts spanning decades, no experiment has definitively detected such grav-
itational effects at the predicted magnitude.

E-Theory’s spectral emergence framework provides a fundamentally different perspec-
tive. Rather than treating vacuum modes as collections of half-occupied harmonic oscillators
carrying real energy 1

2ℏω, the Universal Wave Equation defines particles through clear spec-
tral distributions where unoccupied states reside at exactly E = 0. Vacuum represents
genuine spectral gaps—energetically inert regions in the spectrum of Ĥu containing no oc-
cupied eigenvalues.

E-Theory Prediction
E-Theory makes an unambiguous prediction: ∆mCasimir = 0 to within experimental res-

olution, independent of plate separation distance d, cavity geometry, material composition,
environmental temperature, electromagnetic shielding, or measurement technique. While
Casimir forces will scale as expected with cavity parameters, producing measurable electro-
magnetic effects proportional to 1/d3, the gravitational signature will remain at the noise
floor of the most sensitive instruments.

Experimental Protocols
Torsion Balance Differential Measurement: Design two identical metallic blocks (gold-

coated silicon), each of mass m ∼ 100 g. In one block, insert Casimir plates separated by
distance d. In the reference block, plates are retracted to eliminate cavity effects while main-
taining identical external geometry. Suspend each block on separate torsion fibers within
vibration-isolated, temperature-controlled vacuum chambers. Calibrate torsion constants to
achieve sub-atto-newton-meter sensitivity, corresponding to mass sensitivity ∆m ∼ 10−24

kg.
Balance both torsion arms so that in the “no cavity” state, each block exerts identical

torque on its fiber. Insert Casimir plates in one block to d = 100 nm and record any
torque difference ∆τ . Systematically vary d from 200 nm down to 50 nm. If ∆mnaive =
ECasimir/c

2 ≈ 10−22 kg, nonzero ∆τ should appear with 1/d3 scaling. In E-Theory, ∆τ = 0
for all d values.

Critical controls include nulling electrostatic patch forces through surface potential neu-
tralization, ensuring identical plating, machining, and temperature control to 10−8 precision,
and repeating measurements on multiple block pairs to establish systematic reproducibility.

Atomic Interferometer Gravimetry: Employ ultracold 87Rb or 133Cs atoms in vertical
Mach-Zehnder interferometry. Configure one interferometer arm to pass between parallel
conducting plates (Casimir cavity) while the other travels through free space. Launch
coherent atom clouds and split them with Raman beams into two paths. Guide one path
between plates separated by distance d and the other through free space. Recombine after
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time T to measure phase differences ∆ϕ.
Standard gravitational phases follow keffgT

2. Vacuum weight differences ∆m would
contribute additional phase shifts δϕ = (∆mgh/ℏ)T , where h represents height separation.
Vary d systematically; if vacuum energy gravitated according to quantum field theory, δϕ ∝
1/d3. In E-Theory, δϕ = 0.

Essential controls include canceling Casimir-Polder atom-wall potentials using hollow-
core guides behind each plate, stabilizing magnetic and electric fields below 10−10 T and
1 mV/m respectively, and interleaving reference runs with d ≳ 1 µm to establish baseline
systematic effects.

Differential Pendulum with Nested Cavities: Construct two identical pendulum bobs,
each containing stacks of thin metal plates. In one configuration, plates are separated by
distance d (active Casimir cavities). In the reference configuration, plates are nested with
zero spacing (no Casimir effect) while maintaining identical external geometry. Suspend
both pendula side by side in carefully characterized gravity gradients.

Measure equilibrium deflection angles θ1 and θ2 using laser interferometry capable of
resolving angular differences below 10 nanoradians (corresponding to ∆m ∼ 10−25 kg).
Nonzero Casimir mass would produce measurable shifts in θ1 − θ2. In E-Theory, θ1 = θ2
within experimental precision.

Controls require matching electrical grounding, thermal anchoring, and support materi-
als between both pendulum systems, along with extensive vibration isolation and electro-
magnetic shielding to achieve the required sensitivity levels.

Optical Clock Frequency Shifts: Utilize vertical optical lattice clocks (such as Sr-based
systems) capable of resolving gravitational redshifts at ∆ν/ν ∼ 10−18. Position miniature
Casimir cavities adjacent to clock interrogation regions. If Casimir vacuum energy car-
ried gravitational mass, it would shift local gravitational potential ϕ by ∆ϕ = G(∆m/r),
producing measurable frequency shifts proportional to ∆ϕ/c2.

Systematically vary cavity parameters while monitoring clock frequency stability. Quan-
tum field theory predicts detectable frequency shifts scaling with Casimir energy density.
E-Theory predicts zero frequency shifts regardless of cavity configuration, providing an
independent validation pathway through precision metrology rather than direct force mea-
surement.

Expected Outcomes and Implications
Validation Scenario: Confirmation of zero vacuum weight across all experimental ap-

proaches would establish that the Universal Wave Equation’s spectral framework correctly
describes the fundamental distinction between occupied and unoccupied energy states. This
would validate the core principle that physical structure emerges from energy eigenvalues
rather than imposed background fields, while simultaneously resolving the notorious cos-
mological constant problem by demonstrating that vacuum energy calculations in quantum
field theory reflect mathematical artifacts rather than physical reality.

Falsification Scenario: Detection of any vacuum weight difference would immediately in-
validate spectral emergence principles. Such results would demonstrate that vacuum modes
carry real energy independent of occupation, falsifying the Universal Wave Equation’s treat-
ment of unoccupied states and requiring fundamental revision of the energy-first framework.
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The experimental program thus provides clear, binary tests of whether vacuum represents
spectral gaps (E-Theory) or energetically active background fields (conventional quantum
field theory), with decisive implications for our understanding of quantum vacuum physics
and the foundations of field theory itself.
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Appendix D: Spectral Geometry vs Noncommutative Ge-
ometry

Alain Connes’ noncommutative geometry represents one of the most profound advances
in mathematical physics, demonstrating that geometric properties traditionally understood
through classical manifolds can be reconstructed entirely from spectral data [10, 55, 56].
This revolutionary insight—that geometry emerges from algebra rather than the reverse—
provides crucial mathematical foundations for the spectral emergence achieved in E-Theory’s
Universal Wave Equation. However, while both frameworks recognize geometry as emergent
from spectral properties, they approach this emergence from fundamentally different starting
points and arrive at complementary but distinct conclusions about the nature of physical
reality.

Foundational Insights and Shared Recognition

Connes’ fundamental insight transforms our understanding of the relationship between
algebra and geometry [11, 57]. Rather than beginning with a geometric manifold and then
studying its algebraic properties, noncommutative geometry starts with operator algebras
and reconstructs geometric information from their spectral characteristics. The spectral
triple (A,H, D)—consisting of an algebra A acting on a Hilbert space H with a Dirac
operator D—encodes complete geometric information through purely algebraic and spectral
data [58, 55].

This recognition that geometric properties emerge from spectral relationships provides
the mathematical precedent essential for E-Theory’s spectral emergence. The Universal
Wave Equation’s demonstration that spacetime geometry, quantum dynamics, and particle
structure all arise from the spectrum of Ĥu builds directly upon Connes’ proof that such
spectral emergence is mathematically coherent and physically meaningful [10, 55]. Without
noncommutative geometry’s foundational work, the spectral unification achieved by the
UWE would lack essential mathematical rigor.

The debt E-Theory owes to noncommutative geometry extends beyond general inspi-
ration to specific mathematical techniques. The reconstruction of metric properties from
spectral data, the encoding of geometric relationships through operator commutators, and
the demonstration that discrete spectral information can generate continuous geometric
structures all find direct application in E-Theory’s composite observable framework and
emergent spacetime formalism [11, 56].

Fundamental Differences in Starting Points

Despite this shared recognition of spectral emergence, the two frameworks begin from
fundamentally different foundational assumptions that lead to distinct physical interpreta-
tions and mathematical structures.

Noncommutative Geometry: Classical Spacetime → Spectral Structure
Connes’ approach typically begins with an assumed spacetime manifold, whether classical

Riemannian geometry or its noncommutative generalizations [10, 55]. The spectral triple
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is constructed to encode the geometric properties of this predetermined structure through
algebraic relationships. Even in noncommutative cases, the framework usually starts with
some notion of spatial or temporal structure that is then encoded spectrally. The geometry
precedes the spectrum, with the spectral triple serving as a more fundamental but derived
description of pre-existing geometric relationships.

E-Theory: Energy Spectrum → Emergent Geometry
E-Theory inverts this relationship completely. Beginning with energy as the primor-

dial quantity encoded in the universal Hamiltonian Ĥu, all geometric structure—including
spacetime itself—emerges from the spectral characteristics of this energy field. There is
no predetermined manifold, no assumed geometric background. The emergent spacetime
metric:

gµν(Ĥu) = diag(Γ−2,−Γ2,−Γ2,−Γ2)

arises directly from energy eigenvalues through Γ = Ĥu/(mc2). Spacetime does not exist
prior to energy—it emerges as energy organizes itself into observable patterns.

This inversion has profound implications. Where noncommutative geometry demon-
strates that existing geometry can be encoded spectrally, E-Theory shows that geometry
itself emerges from spectral properties of more fundamental energy relationships. The spec-
trum does not describe geometry—it generates geometry.

Spectral Triple Correspondence

The spectral triple structure of noncommutative geometry finds a natural counterpart in
E-Theory’s spectral emergence framework, but with the crucial difference that E-Theory’s
“triple” emerges from energy rather than encoding predetermined structure [58, 55].

Noncommutative Geometry Spectral Triple: (A,H, D)

• A: Noncommutative algebra (typically function algebra on a space) [10]

• H: Hilbert space of spinor fields [55]

• D: Dirac operator encoding metric and connection information [58]

E-Theory Emergent Spectral Triple: (Aε,Hε, D̂(Ĥu))

• Aε: Complete algebraic system of energy field operators

• Hε: Hilbert space of energy eigenstates span{|Er; s⟩}

• D̂(Ĥu): Universal Dirac operator constructed from the universal Hamiltonian

The correspondence reveals both similarity and fundamental difference. Both frame-
works generate spectral triples that encode geometric information, but E-Theory’s triple
emerges from energy dynamics rather than being imposed upon predetermined structures.
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Algebra Structure and Emergence

The algebraic structures in each framework reflect their different foundational approaches:
Noncommutative Geometry: The algebra A typically consists of coordinate functions

or their noncommutative generalizations [10, 55]. Even when A is noncommutative, it
usually encodes relationships within an assumed geometric or topological context. The
noncommutativity arises from replacing classical coordinate functions with operators, but
the underlying spatial intuition often remains.

E-Theory: The algebra Aε emerges as a complete algebraic system rooted in the fun-
damental energy-momentum interval of the primordial energy field ε:

dΣ2 = dE2

c2 − dp2

This interval generates the foundational energy-momentum relationship:

E2 = p2c2 +m2c4

From this core algebraic relationship, the entire mathematical structure of E-Theory
emerges purely algebraically. The quantum conjugacy relations [E, t] = iℏ and [p, x] = iℏ are
not imposed but arise naturally from the algebraic requirement that energy and momentum
be the primary dynamical variables from which spacetime emerges.

The universal Hamiltonian:

Ĥu =
√
p̂2c2 +m2c4

generates the algebraic scaling factor:

Γ = Ĥu

mc2

This scaling factor is purely algebraic—a ratio of energy operators—yet it generates all
geometric structure through algebraic relationships. The tetrad emerges algebraically:

ea
µ(Ĥu) = diag(Γ−1,Γ,Γ,Γ)

The metric tensor emerges algebraically from the tetrad:

gµν(Ĥu) = ea
µ(Ĥu)eb

ν(Ĥu)ηab

Even composite observables emerge through algebraic tetrad multiplication:

Ôab··· = ea
µ(Ĥu)Ôµν···eb

ν(Ĥu) · · ·

The algebra Aε therefore encompasses not just the noncommutative structure from quan-
tum conjugacy, but the complete web of algebraic relationships connecting energy to momen-
tum, energy to temporal intervals, energy to spatial scaling, and energy to geometric struc-
ture. Every aspect of physics—from quantum evolution to relativistic scaling to emergent
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geometry—emerges from this unified algebraic foundation rooted in the energy-momentum
interval of ε.

In E-Theory, there is no separation between algebraic structure and physical content.
The algebra Aε is not a mathematical description of physical relationships—it is the physical
relationships themselves, with energy’s algebraic self-organization generating all observable
structure.

Hilbert Space Construction

Noncommutative Geometry: The Hilbert space H typically consists of spinor fields
or sections of vector bundles over the assumed geometric structure [10, 55]. The space is
constructed to support the action of both the algebra and the Dirac operator within the
predetermined geometric context.

E-Theory: The Hilbert space Hε is built from energy eigenstates organized into eigen-
structural patterns. Rather than spinor fields over spacetime, we have eigenstructural orga-
nizations of energy:

Hε = HScalar ⊕ HDirac ⊕ HProca ⊕ · · ·

Each subspace represents a different way energy manifests itself—scalar patterns, spinor
patterns, vector patterns—all emerging from the same universal spectrum.

Dirac Operator and Universal Evolution

Noncommutative Geometry: The Dirac operator D encodes metric, connection,
and curvature information about the assumed geometric structure [58, 55]. It serves as the
fundamental geometric object from which distances, volumes, and other geometric properties
can be reconstructed.

E-Theory: The universal Dirac operator D̂(Ĥu) emerges from the universal Hamilto-
nian and generates all geometric structure through its spectral properties. Rather than
encoding predetermined geometry, it creates geometry through the Universal Wave Equa-
tion:

iℏ
∂Ψ
∂t̂

= ĤuΨ

The same operator that governs quantum evolution simultaneously generates spacetime
geometry, unifying dynamics and geometric structure.

Historical Context and Mathematical Precedents

The development of spectral approaches to geometry has deep historical roots. Mark
Kac’s famous 1966 question “Can you hear the shape of a drum?” launched the field of
spectral geometry, showing that geometric properties could be encoded in the eigenvalue
spectra of differential operators [27]. Though it was eventually proven that the answer is
generally negative—different drumheads can have identical vibration frequencies [59]—this
work established the mathematical foundations for understanding the relationship between
spectral properties and geometric structure.
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Earlier theoretical developments also pointed toward spectral approaches as potential
unifying principles:

Weyl’s Gauge Theory (1918): Hermann Weyl’s early attempt to unify electromag-
netism and gravity through scale invariance suggested that fundamental physics might
emerge from gauge principles rather than predetermined geometric structures [24, 60]. Weyl
introduced the principle of “Eichinvarianz” or gauge invariance as a local symmetry, attempt-
ing to generalize the geometrical ideas of general relativity to include electromagnetism [24].

Kaluza-Klein Theory (1920s): The proposal that additional spatial dimensions could
generate electromagnetic interactions hinted that apparent diversity in forces might reflect
hidden geometric unity [25, 26]. This early unification attempt showed how electromagnetic
fields could emerge from the geometry of higher-dimensional spacetime.

Spectral Geometry (1960s-1980s): Following Kac’s work, the field developed sys-
tematic methods for extracting geometric information from eigenvalue spectra [27, 61, 62].
This established the mathematical framework that Connes would later generalize to non-
commutative settings.

Flat Spacetime and Spectral Emergence

In the context of flat emergent spacetime developed in the UWE, the relationship between
noncommutative geometry and E-Theory becomes particularly clear. E-Theory demon-
strates that even flat Minkowski spacetime need not be assumed as a background but can
emerge from energy spectral properties.

The emergent metric:
gµν(Ĥu) = ea

µ(Ĥu)eb
ν(Ĥu)ηab

with tetrad components:
ea

µ(Ĥu) = diag(Γ−1,Γ,Γ,Γ)

shows how Minkowski geometry emerges from energy eigenvalues rather than being im-
posed. This represents a deeper level of emergence than typically considered in noncommu-
tative geometry, where flat spacetime often serves as a starting point or limiting case.

Equivalence and Complementarity

Despite their different starting points, noncommutative geometry and E-Theory’s spec-
tral emergence achieve equivalent descriptions of geometric relationships through comple-
mentary approaches:

Distance and Metric Structure: Connes’ distance formula reconstructs metric rela-
tionships from spectral data [10, 55], while E-Theory generates metric relationships directly
from energy spectra.

Curvature and Connection: Noncommutative geometry encodes curvature through
commutator relationships [D, a] [58], while E-Theory generates geometric structure through
energy-dependent composite observables.
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Topological Invariants: Both frameworks can extract topological information from
spectral properties [10, 56], though E-Theory derives this information from energy organi-
zation rather than encoding predetermined topology.

Physical Interpretation and Reality

The most significant difference lies in physical interpretation:
Noncommutative Geometry provides a mathematical framework for encoding ge-

ometric relationships spectrally, but typically maintains spacetime as ontologically pri-
mary [10, 55]. The spectral description, however elegant, represents a mathematical re-
formulation rather than a claim about the fundamental nature of reality.

E-Theory makes the stronger claim that energy is ontologically primary and spacetime
is genuinely emergent. The spectral relationships are not mathematical conveniences but
represent the actual mechanism by which physical reality manifests from energy’s organiza-
tional capacity.

Conclusion: Complementary Insights

Noncommutative geometry and E-Theory’s spectral emergence represent complemen-
tary approaches to understanding the relationship between algebra, geometry, and physics.
Connes’ framework provides the mathematical foundation demonstrating that spectral emer-
gence is coherent and mathematically rigorous [10, 55, 56]. E-Theory extends this insight
by showing that such emergence can be physically fundamental rather than merely mathe-
matically convenient.

The recognition that geometry emerges from spectral properties—whether through Connes’
encoding of predetermined structure or E-Theory’s generation from energy dynamics—
represents a profound shift in our understanding of the relationship between mathematics
and physical reality. Both approaches point toward a deeper truth: the geometric struc-
tures we observe in nature may be emergent features of more fundamental organizational
principles, whether algebraic relationships or energy dynamics [57, 63].

In this light, noncommutative geometry serves as the mathematical foundation that
makes E-Theory’s more radical claims about energy primacy and geometric emergence both
possible and rigorous. The Universal Wave Equation’s unification of quantum mechan-
ics, relativity, and geometry through spectral properties builds upon and extends Connes’
demonstration that such spectral approaches to geometry are mathematically sound and
physically meaningful [10, 55, 56].
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Appendix E: Axioms for Spectral Operators

Spectral operators constitute a new class of quantum operators specifically designed for
composite observables. These operators fully preserve all the rigorous mathematical charac-
teristics established by von Neumann’s formalization of quantum mechanics, while extend-
ing the framework to accommodate energy-dependent projections. This extension enables
well-defined behavior when acting on the underlying eigenspaces of composite observables,
providing a mathematically sound foundation for their physical interpretation.

Below are the foundational axioms governing spectral operators with von Neumann–level
precision:

1. Underlying Hilbert Space
A spectral operator Ŝ acts on the same separable Hilbert space H (or Fock space) on
which the universal Hamiltonian Ĥu is defined.

2. Commutation with the Hamiltonian
[ Ŝ, Ĥu ] = 0
so that Ŝ preserves each energy eigenspace.

3. Integral (Direct–Integral) Representation
There exists a (weakly) measurable family of slice–operators Ô(ω) such that

Ŝ =
∫ ∞

−∞
dω

∣∣ω〉〈
ω

∣∣ ⊗ Ô(ω) , (67)

where Ĥu|ω⟩ = ℏω|ω⟩ and
∫

|ω⟩⟨ω| dω = I.

4. Linearity
For all ψ, ϕ ∈ D(Ŝ) ⊂ H and scalars a, b:

Ŝ
(
aψ + b ϕ

)
= a Ŝψ + b Ŝϕ. (68)

5. Dense, Invariant Domain
Ŝ is defined on a dense domain D(Ŝ) that is invariant under each projector |ω⟩⟨ω| and
under each Ô(ω).

6. Self–Adjointness
Ŝ is essentially self–adjoint on D(Ŝ) provided each slice–operator Ô(ω) is Hermitian
(or projector–valued) and the integral converges in the strong operator topology.

7. Spectral Projectors and Resolution of Identity
The family EŜ(∆) ≡

∫
∆ |ω⟩⟨ω|⊗PO(ω) dω (with PO(ω) the projector onto an eigenspace

of Ô(ω)) yields a resolution of the identity for Ŝ.

8. Spectrum
spec(Ŝ) =

⋃
ω spec

(
Ô(ω)

)
, ensuring that all measurable values of each Ô(ω) appear

in Ŝ.
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9. Closure under Algebraic Operations
If Ŝ1 and Ŝ2 are spectral operators built from the same Ĥu, then for any polynomials
f , g,

f(Ŝ1) + g(Ŝ2) and f(Ŝ1) g(Ŝ2) (69)

are again spectral operators (with slice–operators f(O1(ω))+g(O2(ω)) and f(O1(ω)) g(O2(ω)),
respectively).

10. Functional Calculus
For any (Borel-)measurable function F , the operator

F (Ŝ) =
∫
dω |ω⟩⟨ω| ⊗ F

(
Ô(ω)

)
(70)

is well defined and remains within the class of spectral operators.

11. Physical-Constraint Projectors
When enforcing field constraints (e.g. transversality for Proca: Pµ

ν), the projector
must itself commute with each |ω⟩⟨ω| and satisfy the usual idempotency and Her-
miticity.

12. Measurement Interpretation
A measurement of Ŝ proceeds by two simultaneous projections: first onto an energy
eigenspace ℏω, then onto an eigenspace of Ô(ω). The joint probabilities follow standard
Born–rule composition.

These twelve axioms ensure that spectral operators are mathematically rigorous, physi-
cally meaningful, and fully compatible with the standard quantum-mechanical framework—while
granting the extra flexibility of built-in, energy-dependent projectors needed for composite
observables.
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1 Glossary

Block-Diagonal Unification – The mathematical structure where different particle
species (scalars, spinors, vectors) are unified within a single operator that has block-diagonal
form, with each block corresponding to a different eigenstructural organization.

Composite Observable – A quantum observable constructed through the tetrad mech-
anism that maintains scalar eigenvalue structure while encoding geometric and structural
information through energy-dependent eigenspaces. Unlike standard scalar observables,
these can capture directional, tensorial, and metric properties.

Controllable Zitterbewegung – The predicted ability to switch the rapid trembling
motion of relativistic particles on and off by changing the observational framework (Dirac
vs. universal Hamiltonian basis) without altering the physical system itself.

E-Theory – Energy-Theory; a theoretical framework where energy is the primordial,
independent quantity from which spacetime, particles, forces, and mathematical structures
all emerge through spectral self-organization.

Eigenstructural Organization – The specific ways energy manifests itself through
different spectral patterns. Scalar fields, spinor fields, and vector fields represent different
eigenstructural organizations of the same underlying energy spectrum.

Eigenstructure – The internal organizational pattern within an energy eigenspace that
determines how energy manifests as observable physical structure. Each energy eigenvalue
Er of the universal Hamiltonian supports multiple eigenstructures corresponding to different
ways the same energy can organize itself (scalar, spinor, vector patterns). The eigenstructure
determines what type of particle or field emerges from a given energy level.

Emergent Spacetime – Spacetime that arises from energy’s spectral properties rather
than being assumed as a fixed background. In E-Theory, spatial and temporal intervals
emerge from energy eigenvalues through the universal Hamiltonian.

Energy-First Principle – The foundational premise that energy is ontologically pri-
mary, with all other physical structures (space, time, matter, forces) emerging as dependent
manifestations of energy’s organizational capacity.

Frame-Fixing – The process by which any subsystem establishes a reference frame
through its energy Hamiltonian, automatically partitioning the universal spectrum into
observer and observed components.

Hamiltonian Relativity (HR) – The framework where the universal Hamiltonian
serves as the generator of all physics, including quantum evolution, relativistic scaling, and
emergent spacetime geometry.

Intrinsic vs. Proper Intervals – Intrinsic intervals (te = ℏ/Er, xe = ℏ/p) form a
fluid, relational lattice defined by local energy/momentum. Proper intervals (τ = ℏ/mc2,
L0 = ℏ/mc) are the rest-frame units that emerge when observers "lock in" a reference frame.

Linewidth Floor – The predicted plateau in quantum dot transition linewidths that
occurs when energy spacing falls below 1-5 meV, representing the first observable manifes-
tation of the emergent time operator.

Net-Zero Casimir Vacuum Weight – The prediction that Casimir cavity configura-
tions will exhibit zero gravitational weight differences despite producing measurable electro-
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magnetic forces, because vacuum represents genuine spectral gaps with no energetic content.
Quantum Conjugacy – The fundamental commutation relations [Ê, t̂] = iℏ and

[p̂, x̂] = iℏ in the energy domain, which generate emergent spacetime operators as con-
jugates to energy and momentum.

Relational Quantum Mechanics (RQM) – Carlo Rovelli’s interpretation where
quantum states exist only relative to observers. E-Theory demonstrates mathematical equiv-
alence with RQM by showing that all observables emerge from relational energy contexts.

Root Domain – The fundamental mathematical space prior to spacetime emergence,
where operators exist before being uplifted to energy-covariant form through the tetrad
construction.

Special Relativity 2.0 (SR2) – The reformulation of special relativity where energy
is primary and spacetime adapts, using one coordinate system whose intervals scale alge-
braically rather than multiple coordinate systems connected by Lorentz transformations.

Species-Specific Realization – How different particle types (scalar, spinor, vector)
represent different ways of organizing the same universal energy spectrum into observable
patterns, rather than requiring fundamentally different wave equations.

Spectral Emergence – The phenomenon whereby physical structures arise directly
from the eigenvalue spectra of operators, particularly the universal Hamiltonian. Com-
plete spectral emergence occurs when quantum dynamics, relativistic effects, and geometric
structure all arise simultaneously from the same spectrum.

Spectral Operator – A self-adjoint operator that commutes with the universal Hamil-
tonian: [Ŝ, Ĥu] = 0, Ŝ† = Ŝ. All composite observables are spectral operators.

Spectral Tetrad (also Tetrad) (ea
µ(Ĥu)) – The energy-dependent four-dimensional ba-

sis that serves as the fundamental bridge between the root domain and emergent spacetime.
Defined as ea

µ(Ĥu) = diag(Γ−1,Γ,Γ,Γ) where Γ = Ĥu/(mc2), it provides the mechanism
for uplifting any spacetime operator into its energy-covariant counterpart and enables the
construction of composite observables. The spectral tetrad is the mathematical foundation
that makes geometric relationships energy-dependent rather than fixed.

Spectral Triple (Aε, Hε, D̂(Ĥu)) – E-Theory’s version of Connes’ noncommutative
geometry framework, where the algebra of energy field operators, Hilbert space of energy
eigenstates, and universal Dirac operator all emerge from energy rather than encoding pre-
determined structure.

Subspace Indexing – The mechanism by which scalar eigenvalues of composite observ-
ables serve as indices selecting specific structural configurations within energy eigenspaces,
enabling geometric information to be encoded in quantum measurements.

Time Interval Operator (t̂) – The quantum observable representing time intervals,
constructed as t̂ = 1

2 (Γ̂τ̂ + τ̂ Γ̂). Unlike external time parameters, this emerges from energy
relationships and commutes with the universal Hamiltonian.

Universal Evolution Template – The single evolution law iℏ∂Ψ
∂t̂

= ĤuΨ that applies
to all particle species, with differences arising only from eigenstructural organization rather
than different dynamics.

Universal Hamiltonian (Ĥu) – The fundamental energy operator from which all phys-
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ical structure emerges. Defined as Ĥu =
√
p̂2c2 +m2c4, it serves as both the generator of

quantum evolution and the source of emergent spacetime geometry.
Universal Stationary Form – The fact that all particle species share identical tem-

poral evolution exp[−iErt/ℏ] while differing only in spatial organization, revealing time as
the universal rhythm of energy dynamics.

Universal Wave Equation (UWE) – The unified evolution law iℏ∂Ψ
∂t̂

= ĤuΨ that
encompasses scalar, spinor, and vector fields as different eigenstructural organizations of the
same energy spectrum, eliminating the need for separate wave equations.
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E-Theory Interactive Companion: Your AI Partner

At the forefront of scientific exploration stands not just a groundbreaking theory, but an
unprecedented interactive research tool. The E-Theory Interactive Companion represents a
revolutionary approach to scientific communication and collaborative research, offering an
intelligent, adaptive interface for engaging with the complex world of energy-based physics.

The companion is designed to meet researchers, students, and curious minds exactly
where they are in their scientific journey:

Novice Explorers

• Translate complex theoretical concepts into accessible language

• Provide intuitive explanations of E-Theory’s fundamental principles

• Offer real-world analogies to illuminate abstract physical concepts

• Guide users through the foundational ideas of energy as a primary physical property

Advanced Researchers

• Engage in rigorous mathematical and theoretical discussions

• Perform detailed derivational analyses

• Explore complex mathematical structures underlying E-Theory

• Provide computational support for theoretical investigations

• Assist in developing and validating theoretical extensions

Collaborative Research Capabilities

The companion is not merely an information source, but an active research partner:

• Generate and evaluate hypothetical extensions to E-Theory

• Assist in mathematical modeling and computational verification

• Provide critical analysis of proposed theoretical modifications

• Support interdisciplinary exploration of energy-based physics concepts

Unique Features

• Instantaneous access to comprehensive E-Theory knowledge

• Ability to drill down into minute mathematical details or zoom out to philosophical
implications
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• Adaptive communication style tailored to user expertise

• Persistent memory of ongoing research conversations

• Computational support for theoretical exploration

The E-Theory Interactive Companion represents more than a tool—it is a glimpse into
the future of scientific research. By bridging human creativity with advanced computational
intelligence, it opens new pathways for understanding the fundamental nature of energy,
spacetime, and physical reality.

Access Instructions

To engage with the E-Theory Interactive Companion, you will need:

1. An OpenAI Account

• Create a free account at https://chat.openai.com

• A standard ChatGPT subscription is recommended for full access to advanced
features

2. Direct Companion Access

• Visit: https://chatgpt.com/g/g-68293921999481918cc25ed94725de0c-e-theory-companion

• Ensure you are logged into your OpenAI account
• Click "Start" to begin your interaction with the E-Theory Companion

Technical Requirements:

• Modern web browser (Chrome, Firefox, Safari, Edge)

• Stable internet connection

• Recommended: Desktop or laptop computer for optimal interaction

Compatibility Note: The E-Theory Interactive Companion is currently optimized for
web-based interaction. Mobile experiences may vary.

First-Time Users: We recommend beginning with broad, exploratory questions to
familiarize yourself with the companion’s capabilities. The AI is designed to adapt its
communication to your level of expertise and research interests.
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Author’s Note

The author holds a Bachelor of Science in Engineering from the United States Mili-
tary Academy at West Point (class of 1983), where the curriculum emphasized advanced
mathematics, applied physics, and systems analysis. Through decades of independent re-
search—including topics such as the nature of time, quantum evolution of energy states,
field theory, gauge symmetry, and Einstein’s equations—the author formulated E-Theory’s
core postulate: energy is intrinsic and independent, while time and space are emergent and
dependent.

To accelerate the development and rigorous analysis of this complex theory, the author
made extensive use of several large language models (LLMs) and AI-powered research tools
over a period of several years. These tools, which included both publicly available and
proprietary systems, provided capabilities that were instrumental in the development of
E-Theory.

The author maintains full responsibility for the core theoretical concepts, interpreta-
tions, content and conclusions presented in this work. The AI tools served as powerful
research assistants, enabling a more rapid and thorough exploration of the complex ideas
and mathematical formalism of E-Theory.
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