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Abstract

This paper introduces a Lagrangian formulation for Holosphere Theory, in which all physical
phenomena arise from angular coherence strain in a discrete, rotating lattice of nested spheres.
Energy, inertia, and force emerge from the directional propagation of Planck-scale vacancy
defects that carry quantized angular strain through a cuboctahedral geometry. By treating
angular coherence as a dynamical field, we construct an action principle based on strain mini-
mization. The resulting variational framework provides a discrete analog to the Euler–Lagrange
formalism, replacing continuum fields with lattice-based coherence gradients. We demonstrate
how classical mechanics, relativistic curvature, quantum tunneling, and causal structure arise
as limiting behaviors of strain propagation through this coherence lattice. This coherence La-
grangian represents a unifying structure for Holosphere dynamics and lays the foundation for
future Hamiltonian and field-theoretic extensions.

1 Introduction

The success of classical mechanics and quantum field theory rests on a shared foundation: the
principle of least action. In both frameworks, physical behavior emerges from the minimization of
a scalar quantity—the action—integrated from a Lagrangian density over space and time. However,
these models implicitly assume a continuous spacetime background. Holosphere Theory rejects this
assumption, proposing instead that spacetime emerges from a discrete, angularly coherent lattice
of rotating Planck-scale spheres. In this context, action and energy are not continuous functions,
but quantized expressions of coherence strain transferred across a finite geometry.

The need for a new Lagrangian formulation arises naturally. In Holosphere Theory, Planck-
scale vacancy defects—gaps or phase discontinuities in the coherence of the lattice—propagate
through quantized tension gradients. These defects carry angular strain, and their motion defines
the fundamental transport of energy and momentum in the system. Unlike particles or classical
fields, these defects do not possess independent identities or trajectories in spacetime; instead, they
are transient excitations of angular misalignment, moving in response to coherence gradients. Their
behavior must be described through a discrete action principle rooted in the lattice structure itself.

This paper presents the construction of a coherence-based Lagrangian that captures these dy-
namics. Rather than taking position or momentum as primitive variables, we work from angular
phase fields defined over discrete lattice nodes. Coherence gradients, not field amplitudes, are the
central quantities of interest. The resulting Lagrangian density is a function of coherence phase,
strain rate, and tension propagation. We explore how its minimization leads to defect motion,
emergent forces, and the classical behavior of inertia.
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Figure 1: Enter Caption

In the following sections, we introduce the formal lattice representation of coherence phase,
define the discrete action integral over strain pathways, and derive the equivalent of the Eu-
ler–Lagrange equations for a non-continuous background. We then apply this formalism to model
gravitational interactions, quantum propagation, and relativistic curvature in terms of angular
strain. Finally, we discuss the implications for energy conservation, entropy, and causality in a
discretely coherent universe.

This formulation does not simply adapt classical Lagrangian mechanics—it replaces it. In the
Holosphere model, energy is coherence, motion is strain transfer, and force is a redistribution of
phase tension. This paper begins the mathematical formalism that unifies these principles.

2 Foundations of the Holosphere Lattice

The Holosphere lattice is a discretized, rotationally structured model of spacetime composed of
nested spheres. At the core of this structure are Planck-scale spinning units—Planck spheres—arranged
in cuboctahedral symmetry to form larger coherent structures called Holospheres. Each Holosphere
maintains angular phase alignment among its constituent spheres, enabling it to store, transmit,
and propagate rotational coherence across layers of the lattice.
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Figure 2: Schematic of angular strain propagation in the Holosphere lattice. Each node represents a
Holosphere, and links represent coherence gradients. The black angular sector indicates a region of
accumulated angular strain. A vacancy defect propagates along the minimum action path—i.e., the
direction of steepest angular strain descent. This trajectory represents a coherence-based analog
to geodesic motion.

The physical behavior of this system arises not from continuous fields but from topological recon-
figurations of angular phase. Specifically, localized misalignments in angular coherence—vacancy
defects—create tension gradients within the lattice. These gradients serve as the driving mechanism
for defect propagation and energy transport. Angular coherence is preserved across shells unless
disrupted by these defects, which carry quantized angular strain from one region to another.

We define the local coherence state at each node of the lattice by a phase field ϕ, which represents
the angular alignment of a given Holosphere relative to its neighbors. This coherence field is not
scalar in the conventional sense, but a directional quantity that encodes rotational phase within
the nested structure. The spatial derivative of this field—expressed as a discrete gradient—gives
rise to strain:

γ = ∇θϕ (1)

where γ is the angular coherence strain across shell layers and ∇θ denotes a discrete angular
gradient operator defined over the lattice geometry.

Unlike in conventional field theory, strain is not a perturbation of a background field but the
primary dynamical quantity. Energy, momentum, and force arise from the evolution of γ across
the lattice. The motion of vacancy defects is governed by the minimization of angular tension, and
these defects represent the fundamental units of energy transport in the system.

The nested structure of the lattice introduces hierarchical coherence zones. These include:

• Interior coherence zones: Regions of low strain where coherence is nearly perfect.

• Strain stratification layers: Transitional shells between zones with varying angular phase
alignment.
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• Defect activation thresholds: Critical strain levels where vacancy defects emerge and
begin to propagate.

This hierarchical organization allows for localized excitations while preserving global coherence,
creating a medium where energy is neither lost nor dissipated but redistributed through coherent
phase reconfiguration.

The Holosphere lattice thus provides a natural foundation for a discrete Lagrangian formalism.
All physical dynamics—including redshift, gravity, inertia, and even quantum behavior—can be
described as the propagation of angular strain under lattice constraints. In the next section, we
define the coherence field and formulate a Lagrangian density based on tension minimization,
establishing a new variational framework for lattice physics.

3 Lattice Coherence as an Action Principle

In standard physics, the action S is defined as the integral of the Lagrangian L over time. Physical
systems evolve along paths that extremize this action, leading to the Euler–Lagrange equations.
However, this formulation assumes a smooth, continuous spacetime manifold and differentiable
fields. In contrast, the Holosphere lattice is inherently discrete, composed of angularly coherent
spinning spheres, and its dynamics arise from phase-aligned transitions rather than continuous
variations.

To construct an analogous action principle in this framework, we begin by redefining the central
objects. The key dynamical variable is the coherence phase field ϕ, defined on the nodes of the
lattice. This field encodes the angular phase alignment of each Holosphere relative to its neighbors.
Physical evolution corresponds to changes in ϕ over discrete steps, with energy and momentum
emerging from the gradients of this phase.

Let γ represent the angular strain—a directional measure of the misalignment between neigh-
boring Holospheres:

γij = ϕj − ϕi (2)

where ϕi and ϕj are the angular phases at adjacent lattice nodes i and j. We define the local
Lagrangian L as a function of ϕ and γ, capturing the energetic cost of coherence deformation
between nodes.

The total action S over a discrete lattice path is then expressed as a sum over all node transitions:

S =
∑
⟨i,j⟩

L(ϕi, ϕj , γij) (3)

This replaces the continuous action integral with a discrete summation over angular tension
transitions. The system evolves toward configurations that minimize S, corresponding to the least-
strain pathways across the lattice.

To derive evolution laws, we impose a discrete variational principle: small changes δϕi to the
phase field at each node must yield stationary action:

δS = 0 ⇒
∑
j

(
∂L
∂ϕi

− ∂L
∂ϕj

)
= 0 (4)

This defines the discrete analogue of the Euler–Lagrange equations. In the continuum limit,
this reduces to:
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∂

∂t

(
∂L
∂ϕ̇

)
−∇ ·

(
∂L
∂∇ϕ

)
= 0 (5)

but in the Holosphere lattice, it retains its summation form, representing quantized phase
adjustments across finite lattice connections.

This formulation makes no reference to metric distances, clock time, or spacetime curvature.
Instead, it treats angular strain as the only source of dynamics, and evolution as the reconfiguration
of coherence. The trajectory of a vacancy defect is not a geodesic through spacetime, but the
minimal-tension path through the coherence lattice.

In this way, the Holosphere model replaces the geometry of general relativity and the field
amplitudes of quantum mechanics with a unified principle: minimize angular tension across discrete
phase-aligned units. In the next section, we propose a general form for the coherence Lagrangian
L(ϕ, γ) and analyze its physical consequences.

4 The Coherence Lagrangian

In Holosphere Theory, the Lagrangian is not constructed from continuous field variables or particle
trajectories, but from discrete angular phase relations between lattice nodes. The central quantity
is the angular coherence strain γij = ϕj −ϕi, which encodes the misalignment between neighboring
Holospheres. All energy, momentum, and force arise from the behavior of this strain field.

We define the local coherence Lagrangian L as a function of the phase field ϕ and its angular
gradient γ:

L(ϕ, γ) = 1

2
γ2 − V (ϕ) (6)

Here:

• The term 1
2γ

2 represents angular strain energy between adjacent Holospheres, analogous to
a spring-like potential in standard mechanics.

• The potential term V (ϕ) represents the internal angular energy associated with a given phase
configuration, including resistance to reconfiguration due to surrounding lattice tension.

This Lagrangian is rotationally invariant in phase space and defined on a pairwise link basis
across the lattice. The total action becomes:

S[ϕ] =
∑
⟨i,j⟩

(
1

2
(ϕj − ϕi)

2 − V (ϕi)

)
(7)

Minimizing this action across the lattice yields natural motion paths for Planck-scale vacancy
defects: they travel in directions where strain energy decreases, constrained by the surrounding
potential V (ϕ). This process governs energy transport and dynamical evolution.

4.1 Choice of Potential V (ϕ)

The form of V (ϕ) determines how the lattice resists or promotes defect propagation. Several forms
are possible, depending on the physical context:

• Harmonic Potential: V (ϕ) = 1
2ω

2ϕ2 models restoring torque in angular phase, analogous
to a harmonic oscillator.
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• Topological Barrier: V (ϕ) = V0 sin
2(ϕ) introduces discrete barriers to phase change, rep-

resenting shell locking or quantized orbital modes.

• Zero Potential: V (ϕ) = 0 corresponds to free propagation in a coherence-neutral zone (e.g.,
ideal interior coherence).

Each potential gives rise to distinct defect propagation behavior. In dense coherence regions,
topological potentials dominate; in peripheral or transitional zones, harmonic or flat potentials may
apply.

4.2 Dimensional Analysis and Units

Let us assign natural units consistent with lattice energy:

• ϕ is a dimensionless angular phase variable (in radians or phase fractions).

• γ has units of radians (difference between phases).

• L has units of joules per lattice step.

Therefore:

[L] =
[
1

2
γ2

]
= [strain energy per transition] ≈ 10−42 to 10−51 J (8)

This aligns with the quantized energy associated with single Planck-scale vacancy defects.

4.3 Interpretation of Defect Motion

The trajectory of a defect follows the path that minimizes the sum of local L(ϕ, γ) values. This be-
havior parallels least-action geodesics in general relativity, but here the “curvature” is not spacetime
curvature—it is coherence tension. In this picture:

• Inertia emerges as resistance to reconfiguration of ϕ.

• Acceleration arises when strain gradients steepen (i.e., increased γ).

• Stable equilibrium occurs when γ → 0 and V (ϕ) is minimized.

Thus, mass, motion, and force laws emerge from angular reconfiguration dynamics within the
lattice itself.

5 Applications to Force Laws

The coherence-based Lagrangian developed in Section 4 enables a unified treatment of force phe-
nomena as emergent from angular strain. Unlike traditional field theories, which require separate
formulations for gravity, electromagnetism, and nuclear forces, the Holosphere framework models
all interactions as responses to coherence gradients. In this section, we explore how different classes
of force laws arise from the Lagrangian:
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5.1 Gravity from Macroscopic Coherence Strain

Gravitational behavior emerges when large-scale structures induce sustained angular tension gradi-
ents in the surrounding lattice. A concentration of vacancy defects—corresponding to mass—alters
the local strain field, causing nearby Holospheres to reconfigure toward the region of greater angular
misalignment.

Let γ(r) be the radial coherence strain from a mass source. The angular phase adjusts over
distance r such that:

d

dr

(
∂L
∂γ

)
=
∂L
∂ϕ

(9)

For a quadratic Lagrangian L = 1
2γ

2, this yields:

d2ϕ

dr2
=
∂V

∂ϕ
(10)

This is structurally equivalent to the Poisson equation for gravitational potential, where phase
gradients play the role of curvature. The source of gravity is not mass-energy directly, but coherence
disturbance — i.e., angular strain integrated over nested shells.

5.2 Inertia from Phase Reconfiguration Resistance

Inertial mass emerges as resistance to changing the local coherence phase ϕ. Within the Lagrangian
framework, a defect attempting to accelerate (propagate nonuniformly) must overcome local phase
alignment and cross topological barriers in V (ϕ).

The effective inertial response is given by:

meff ∼ ∂2L
∂ϕ̇2

(11)

This definition directly links inertial mass to the angular momentum content and phase-locking
stiffness of surrounding lattice zones. In the Holosphere lattice, inertia is not fundamental but
arises from collective coherence resistance.

5.3 Strong Force from Strain Saturation and Topological Locking

The strong force arises at short distances due to saturation of angular strain between tightly packed
shells. When γ exceeds a critical value, defects become trapped within a potential minimum (e.g.,
a sin2(nϕ) barrier), leading to:

• High local energy density

• Restoring forces with steep gradients

• Quantized confinement behavior

The Lagrangian in such regions includes nonlinear strain terms:

Lstrong =
1

2
γ2 + V0 sin

2(nϕ) (12)

This locks defects within nuclear-scale zones, consistent with hadronic binding and confinement.
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5.4 Weak Force from Phase Tunneling Across Coherence Barriers

Weak interactions are modeled as tunneling events where a defect crosses a phase barrier with low
but nonzero probability. This corresponds to a defect propagating through a localized topological
kink in V (ϕ), such as:

V (ϕ) = V0 [1− cos(ϕ)] (13)

Unlike strong confinement, the weak potential allows for rare phase-flip transitions that break
symmetry locally but do not preserve long-range coherence. This explains the short range, low
coupling strength, and handedness of weak interactions as emergent properties of the lattice strain
topology.

5.5 General Force Expression from Strain Gradient

In all cases, the effective force on a defect is proportional to the discrete gradient of angular strain:

Fi = − ∂L
∂ϕi

= −
∑

j∈nbrs(i)

∂L
∂γij

· ∂γij
∂ϕi

(14)

This lattice-level expression replaces Newton’s law and Lorentz force laws with a universal
strain gradient formalism. Each interaction — gravity, inertia, nuclear binding, or weak tunneling
— results from the response of defects to angular strain landscapes.

6 Quantum Dynamics from Coherence Hopping

The coherence Lagrangian provides not only a foundation for classical-like forces but also a natural
route to quantum dynamics. In the Holosphere model, quantum behavior emerges from the hopping
of angular phase defects—vacancy excitations—across a discrete coherence lattice. Rather than
treating the wavefunction as a fundamental object, it arises from collective phase dynamics and
coherent strain propagation.

6.1 Tight-Binding Analogy for Defect Motion

Let ϕi(t) represent the angular phase at lattice site i and time step t. A Planck-scale vacancy defect
can hop from node i to node j when angular strain γij = ϕj −ϕi exceeds a minimal threshold. The
amplitude of hopping depends on the phase difference and the local potential V (ϕ).

This behavior is analogous to the tight-binding model in solid-state physics. The evolution
equation for the phase amplitude resembles:

iℏ
dψi

dt
=

∑
j∈nbrs(i)

Tijψj + Viψi (15)

Here, ψi is the coherence amplitude at site i, Tij encodes hopping strength from j to i based
on γij , and Vi reflects local angular locking due to V (ϕi).
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6.2 Derivation of a Schrödinger-Like Equation

In a limit where defect hopping is small and ϕ varies slowly across sites, the lattice dynamics
approximate a continuum form. If we define ψ(x⃗, t) ∼ eiϕ(x⃗,t), then:

iℏ
∂ψ

∂t
= − ℏ2

2meff
∇2ψ + Veff(x⃗)ψ (16)

This is the time-dependent Schrödinger equation, where: - meff is derived from resistance to
phase reconfiguration (i.e., effective inertia), - Veff emerges from angular potential barriers, - ℏ arises
from the phase quantization step size in the lattice.

Thus, quantum mechanics is an emergent approximation to lattice coherence dynamics. There
is no true “probability wave” — only strain-mediated defect transport with phase coherence.

6.3 Tunneling and Quantization as Topological Outcomes

Quantum tunneling occurs when a defect transitions between adjacent lattice zones despite an
intermediate potential barrier V (ϕ). This is governed not by classical energy but by phase alignment
between endpoints.

The probability of tunneling is determined by the overlap in coherence fields:

Ptunnel ∝ e−
∫ √

2meffV (ϕ) dϕ (17)

This expression arises naturally from summing minimal-action pathways across a coherence gap,
echoing semiclassical WKB results — but in a topological, lattice-based framework.

Quantization of energy levels follows from phase resonance: only defect orbits that preserve
coherence with surrounding shells are stable. These correspond to: - Standing phase wave modes,
- Interference nodes on cuboctahedral shells, - Coherent alignment with surrounding angular po-
tentials.

6.4 Wavefunction Collapse as Local Recoherence

Measurement or “collapse” is interpreted as the reabsorption of a defect into a lattice site with
matching angular coherence. When this occurs, the local phase realigns and the coherence field
loses long-range ambiguity.

This removes the need for nonlocal wavefunction collapse or superposition. Instead, decoherence
and localization are emergent from lattice symmetry breaking and phase locking at the point of
defect absorption.

7 General Relativity and Curved Coherence Paths

In standard general relativity, gravity is modeled as spacetime curvature induced by mass-energy,
and particles move along geodesics—paths of extremal proper time. In the Holosphere framework,
curvature is not geometric in the Riemannian sense, but a measure of angular coherence distortion
within a discrete lattice. Geodesics are replaced by minimal-strain trajectories of vacancy defects
through angular tension gradients.

9



7.1 Angular Curvature as Phase Distortion

A massive object in the Holosphere lattice perturbs local phase alignment. This is not due to
mass as a continuous substance, but due to accumulated vacancy defects clustering in a region,
introducing persistent angular strain.

Let the angular coherence field be ϕ(r⃗). The curvature induced by a gravitational source is
given by the second derivative of phase:

K(r⃗) ∼ ∇2ϕ(r⃗) (18)

Regions where∇2ϕ ̸= 0 exhibit angular distortion, which modifies the effective propagation path
for defects and light-like signals. This replaces spacetime curvature with phase-tension curvature.

7.2 Geodesics as Minimal Tension Paths

In general relativity, a geodesic is the path that extremizes proper time. In the Holosphere lattice,
a defect follows the path of least accumulated coherence strain:

Pathmin = argmin
N∑
i=1

L(ϕi, ϕi+1, γi,i+1) (19)

This sum is over links in the lattice traversed by a defect. The analogy is direct: - GR: free-fall
follows shortest spacetime interval - Holosphere: free propagation follows path of minimal angular
tension

A defect curves its path not because spacetime is bent, but because angular gradients are steeper
in certain directions.

7.3 Time Dilation as Angular Misalignment

Gravitational time dilation arises when coherence reconfiguration slows in high-strain regions. If a
region has elevated γ, then the time for reconfiguration increases:

∆tlocal ∝
1

ϕ̇
∝

√
1 + γ2 (20)

Thus, time “runs slower” not because of a metric function, but because angular coherence
propagates more slowly where strain is higher—mirroring gravitational redshift and time dilation.

7.4 Equivalence Principle and Local Coherence

The equivalence principle is reinterpreted as follows: a uniformly accelerated frame and a uniform
coherence gradient are indistinguishable. This is because the Lagrangian L(ϕ, γ) governs all force
responses via strain gradients alone. Acceleration arises from steepening γ in any direction, whether
due to mass, rotation, or shear strain.

7.5 Effective Curvature Tensor from Strain Tensor

Although the Holosphere model does not use a metric tensor, an effective “strain curvature tensor”
may be constructed from coherence gradients:

Kij = ∂i∂jϕ (21)
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This object captures curvature of angular phase and governs how defect trajectories deviate in
the presence of massive objects. In the weak-strain limit, Kij mimics the role of the Ricci tensor
in Einstein’s equations, but with a fundamentally discrete, phase-based origin.

8 Energy, Time, and Causality in the Lagrangian Formalism

In conventional physics, energy is a scalar quantity, time is an external parameter, and causality is
assumed. In the Holosphere framework, these concepts are not fundamental but emerge from the
behavior of the coherence field ϕ and its associated angular strain γ. The coherence Lagrangian
provides a unified foundation for interpreting energy, time, and causal structure as lattice-based
phenomena.

8.1 Energy as Coherence Strain Propagation

From the Lagrangian

L(ϕ, γ) = 1

2
γ2 − V (ϕ), (22)

the local energy associated with a vacancy defect is defined as the conserved quantity corre-
sponding to phase propagation:

E =
∂L
∂ϕ̇

· ϕ̇− L. (23)

In regions where ϕ̇ is discrete and transitions occur stepwise, this becomes:

Evac ≈
1

2
γ2 + V (ϕ), (24)

which matches the quantized energy packets carried by Planck-scale defects (typically 10−42

to 10−51 J). Thus, energy is not continuous—it is transferred as discrete packets of angular phase
reconfiguration.

8.2 Time as Ordered Coherence Reconfiguration

Time is not a fundamental background parameter but emerges from the sequential reconfiguration
of angular phase states. Each Planck-scale vacancy defect propagates across the lattice, disturbing
local coherence and initiating phase updates.

Let ϕi(t) be the phase at site i. Time progresses when:

ϕi(t+∆t) ̸= ϕi(t), (25)

due to the passage of a defect. Thus, ∆t is the time required for one unit of angular reconfigu-
ration, and “lattice time” becomes an emergent count of causal updates across coherence layers.

Regions of high coherence (low γ) evolve more rapidly. Regions of high strain evolve slowly,
establishing **gravitational time dilation** as a natural consequence.
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8.3 Causality from Directional Strain Transfer

Causality arises from the unidirectional propagation of angular strain. A vacancy defect cannot
propagate backward along a previously neutralized link without violating the strain minimization
condition. That is:

If ϕj > ϕi and γij > 0, then ϕj → ϕj + δϕ⇒ forward causal influence. (26)

Causal ordering is imposed by coherence transfer: - Coherence degrades in one direction (from
higher to lower order), - Recoherence can only occur through local absorption of strain, - The global
arrow of time emerges from the directionality of defect flow.

8.4 Conservation Laws from Lattice Symmetries

In conventional Lagrangian mechanics, Noether’s theorem relates conserved quantities to continuous
symmetries. In the discrete Holosphere lattice: - **Rotational symmetry** in phase space yields
quantized angular momentum. - **Translational symmetry** across uniform coherence layers yields
energy conservation. - **Topological invariance** across shells yields quantized charges or orbital
modes.

These conservation laws are not fundamental axioms, but outcomes of symmetry and coherence
in the strain-minimizing lattice.

8.5 Thermodynamic Directionality and Entropy

Defect propagation causes local strain to accumulate unless reabsorbed. The number of available
high-coherence configurations is small, while the number of strained or partially misaligned states
is large.

Thus, lattice dynamics naturally favor:

• Growth of net angular strain,

• Decrease of global coherence,

• Emergence of thermodynamic time asymmetry.

Entropy in this context is a measure of angular incoherence, and the arrow of time is the result
of irreversible coherence degradation.

9 Comparison with Classical and Quantum Lagrangians

The coherence Lagrangian developed in this paper replaces traditional formulations based on par-
ticles, fields, or spacetime metrics with a discrete, phase-based framework. In this section, we com-
pare the structural and conceptual differences between Holosphere dynamics and classical/quantum
Lagrangian mechanics.

9.1 Classical Mechanics: Mass and Position vs. Phase and Strain

In Newtonian mechanics, the Lagrangian is written as:

L = T − V =
1

2
mẋ2 − V (x), (27)
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where x is position, ẋ is velocity, and m is inertial mass. The evolution of the system follows
from minimizing the action over trajectories in space and time.

In contrast, the coherence Lagrangian is:

L =
1

2
γ2 − V (ϕ), (28)

where ϕ is angular phase and γ is angular strain. There is no mass or velocity; inertia arises
from phase resistance, and motion is phase propagation. Space and time are not coordinates but
emergent from the lattice structure and reconfiguration timing.

**Key distinctions:** - Position x is replaced by angular phase ϕ. - Velocity ẋ is replaced by
discrete phase reconfiguration. - Force arises from angular strain gradients, not acceleration.

9.2 Quantum Field Theory: Fields on Spacetime vs. Strain on a Lattice

Quantum field theory (QFT) describes particles as excitations of continuous fields on a Minkowski
spacetime background. The standard scalar field Lagrangian is:

LQFT =
1

2
∂µϕ∂µϕ− V (ϕ), (29)

where derivatives are taken with respect to spacetime coordinates and the dynamics assume
Lorentz invariance.

In the Holosphere model, ϕ is not a field on a smooth manifold but a discrete angular phase
defined at each node of a coherence lattice. Derivatives are replaced with finite differences between
neighboring Holospheres:

γij = ϕj − ϕi, Lcoh =
1

2
γ2ij − V (ϕi). (30)

Lorentz symmetry emerges in the continuum limit via angular reconfiguration rates, but is not
assumed a priori.

**Key distinctions:** - No continuous spacetime or metric needed. - Fields are not fundamental
entities but effective descriptors of defect motion. - The vacuum is not empty — it is a highly
structured, rotationally coherent medium.

9.3 Hamiltonian Formulation vs. Lattice Action Propagation

Classical Lagrangians are often converted to Hamiltonians via Legendre transforms. In the Holo-
sphere model, a Hamiltonian can be defined over lattice nodes, but its form reflects coherence
tension rather than canonical position/momentum:

H =
∑
i

(
∂L
∂ϕ̇i

ϕ̇i

)
− Li (31)

This energy function describes the angular tension at each node, not the kinetic or potential
energy of objects.

Moreover, since time itself is an emergent sequence of reconfiguration steps, the traditional
Hamiltonian flow formalism becomes secondary to strain-driven evolution. Action propagation is
not continuous; it proceeds stepwise via defect migration and reabsorption.
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9.4 Unification Through Angular Strain

What classical and quantum Lagrangians treat separately—mass, force, charge, fields—the coher-
ence Lagrangian unifies through a single concept: angular strain and its propagation.

9.4 Unification Through Angular Strain

Traditional physics requires distinct conceptual frameworks to describe mass, force, energy, time,
and spacetime curvature. In contrast, the coherence Lagrangian unifies these through a single
structural element: angular coherence strain and its propagation across the discrete lattice.

Phenomenon Classical / QFT Interpreta-
tion

Holosphere Interpretation

Inertia Mass resists acceleration
through Newton’s law

Resistance to reconfiguration of
angular phase ϕ; inertia emerges
from phase stiffness

Gravity Spacetime curvature from mass-
energy (Einstein field equations)

Radial coherence strain gradi-
ents; curvature encoded by ∇2ϕ

Energy Scalar quantity from kinetic and
potential terms

Quantized coherence strain:
E ∼ 1

2γ
2 + V (ϕ)

Force Derived from potentials or gauge
fields

Emerges from local angular ten-
sion gradients: Fi = −∂L/∂ϕi

Time Continuous parameter external
to system

Emergent from ordered phase
transitions and defect propaga-
tion steps

Causality Lightcone structure in
Minkowski space

Unidirectional strain propaga-
tion governed by coherence loss
and reabsorption

Spacetime Background manifold with met-
ric tensor gµν

Not fundamental; coherence lat-
tice defines structure, and curva-
ture is strain-based

Table 1: Structural reinterpretation of physical concepts in the coherence-based Lagrangian of the
Holosphere lattice.

10 Discussion and Future Directions

The coherence Lagrangian introduced in this paper redefines the foundations of physics using
discrete angular strain in a structured lattice of nested Holospheres. It provides a unified framework
in which mass, energy, force, and even time and causality emerge not from spacetime geometry or
field equations, but from the dynamics of phase reconfiguration across a coherent, topologically
constrained medium.

10.1 Summary of Contributions

This work establishes a Lagrangian formalism grounded in:

• Discrete phase variables ϕ encoding angular coherence.

• Angular strain γ = ϕj − ϕi as the central dynamical quantity.
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• A local action principle minimizing accumulated strain across the lattice.

• Emergent interpretations of energy, inertia, gravity, and quantum behavior from lattice dy-
namics.

• Directional time evolution and causality from irreversible coherence transfer.

In doing so, the framework naturally reproduces familiar physical behavior—including New-
tonian motion, time dilation, tunneling, and quantization—while dispensing with the need for a
continuous spacetime background, metric tensor, or quantum wavefunction as primitive.

10.2 Conceptual Shift in Physical Theory

This approach signals a fundamental shift: - From continuum to discreteness: The lattice is
not an approximation of spacetime—it is the substrate. - From metric to coherence: Curvature
is not geometrical but strain-based, encoded in phase distortions. - From wavefunction to
defect dynamics: Quantum mechanics emerges from the coherent hopping of phase defects, not
probabilistic amplitudes.

This positions Holosphere Theory as a unifying ontology from which both general relativity and
quantum mechanics arise as limiting cases of strain propagation across a discrete coherence lattice.

10.3 Future Work

This Lagrangian formalism lays the foundation for several major extensions, each of which may be
developed into a dedicated paper in the future:

• Hamiltonian Formulation in the Holosphere Lattice: Developing a discrete Hamilto-
nian to model local coherence energy, angular reconfiguration potential, and quantized action
propagation. This framework would enable lattice-based interpretations of conjugate variables
and extend the energy-time symmetry of the model.

• Discrete Path Integral from Angular Strain Propagation: Constructing a summation-
over-paths formalism based on discrete coherence transitions, where physical amplitudes
emerge from the interference of strain-minimizing pathways. This would reinterpret the Feyn-
man path integral as a geometrical averaging over lattice strain configurations.

• Field Equations for Coherence Curvature: Deriving a discrete analog to Einstein’s field
equations using the strain curvature tensor Kij = ∂i∂jϕ, linked to distributed vacancy defect
density. This could provide a full dynamical model of gravitational interaction in a lattice
without invoking a continuous metric.

• Experimental Predictions and Lattice Signatures: Identifying observational deviations
from general relativity or quantum field theory due to strain anisotropies, phase quantization,
or coherence loss — especially in strong-field regimes, early-universe conditions, or high-
precision quantum systems.

• Computational Simulations of Nested Coherence Shells: Modeling large-scale defect
dynamics, orbital mode stability, and structure formation by simulating strain propagation
across cuboctahedral Holosphere shells. These simulations may reproduce known mass ratios,
redshift patterns, or cosmological phase transitions.
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10.4 Philosophical Implications

This coherence-based framework suggests that physical law arises not from geometry or force fields,
but from the topological constraints of coherence in a layered, rotational medium. Action, energy,
and time become emergent bookkeeping of how phase reconfigures in response to discrete angular
strain.

Such a model shifts the ontology of physics from objects and waves to defects, coherence, and
constraint. It opens the possibility that what we call “laws of nature” are in fact stability conditions
of a deeper lattice structure from which all observable phenomena emerge.

Glossary

• Coherence Depth: The extent to which angular alignment is preserved across layers of the
Holosphere lattice.

• Coherence Strain (γ): The angular phase misalignment between neighboring lattice sites;
the core variable for energy, force, and curvature.

• Cuboctahedral Packing: A geometry used to assemble Planck spheres into larger Holo-
spheres, enabling stable angular coherence.

• Defect (Vacancy): A missing or misaligned Planck sphere that propagates angular strain
and represents quantized energy transport.

• Holosphere: A neutron-scale spherical unit composed of tightly packed Planck spheres,
capable of transmitting coherence through angular alignment.

• Planck Sphere: The smallest unit of the lattice, near the Planck scale, responsible for
encoding phase and curvature within the larger Holosphere.

• Strain Stratification: Layered angular tension across radial shells of Holospheres, producing
structured energy gradients and gravitational analogs.

• Vacancy Energy (Evac): The discrete energy carried by a migrating defect, typically 10−42

to 10−51 joules.

• ϕ: Coherence phase variable defined at each node, representing angular alignment of a Holo-
sphere with its neighbors.
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Appendix A: Symbol Definitions and Lattice Operator Rules

Symbol Definition

ϕ Coherence phase field; angular alignment of a Holosphere
relative to its neighbors. Quantized in discrete steps repre-
senting phase orientation within cuboctahedral shells.

γ Angular coherence strain; defined as the difference in phase
ϕ between adjacent lattice sites. Expresses local angular
misalignment.

γij Strain across the link between node i and node j, given by
ϕj − ϕi.

L Local coherence Lagrangian; a function of ϕ, γ, or their
derivatives, expressing angular strain energy.

S Action; total accumulated coherence strain over a path or
region of the lattice. Defined as a discrete sum over node
pairs: S =

∑
⟨i,j⟩ L(ϕi, ϕj , γij).

δϕi Infinitesimal variation in the coherence phase at node i dur-
ing variational minimization.

∇θ Discrete angular gradient operator; computes differences in
phase ϕ between neighboring nodes in a direction defined by
shell orientation.

ϕ̇ Temporal update to the coherence phase field; in the lattice,
this corresponds to angular reconfiguration between time-
like shell layers.

⟨i, j⟩ Summation over adjacent nodes in the lattice, where coher-
ence strain is defined.

∆t Discrete time step corresponding to angular reconfiguration
between lattice layers. Used in approximating phase dynam-
ics across radial or rotational hierarchy.

Evac Quantized angular strain energy of a single propagating va-
cancy defect; typically 10−42 to 10−51 J.

Table 2: Symbols used in the coherence-based Lagrangian formulation.

Appendix B: Discrete Derivative Rules and Action Propagation
Pathways

In the Holosphere lattice, spatial and temporal derivatives must be defined over a discrete, rotation-
ally symmetric geometry. The lattice consists of phase-aligned Holospheres arranged in cubocta-
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hedral symmetry, and evolution occurs through the propagation of angular strain via Planck-scale
vacancy defects.

B.1 Discrete Angular Gradient Operator ∇θ

The angular gradient of a coherence phase field ϕ between two neighboring nodes i and j is defined
as:

γij = ∇θϕ = ϕj − ϕi (32)

This operator acts along the angular coordinate defined by the shell structure and encodes the
directional phase misalignment. Each link in the lattice represents a quantized angular connection,
and gradients are always evaluated over finite distances between discrete nodes.

B.2 Discrete Temporal Derivative ϕ̇

Time evolution is not continuous but progresses in quantized steps corresponding to angular recon-
figurations across radial or rotational shells. The discrete time derivative is defined as:

ϕ̇i(t) =
ϕi(t+∆t)− ϕi(t)

∆t
(33)

where ∆t corresponds to one reconfiguration layer (e.g., a transition between nested Holosphere
shells).

B.3 Discrete Variational Principle

To derive the lattice equivalent of the Euler–Lagrange equation, we define the action S as:

S[ϕ] =
∑
⟨i,j⟩

L(ϕi, ϕj , γij) (34)

A variation δϕi applied to node i produces a change in the action:

δS =
∑
⟨i,j⟩

(
∂L
∂ϕi

δϕi +
∂L
∂ϕj

δϕj

)
(35)

Requiring δS = 0 for arbitrary δϕi yields the discrete stationarity condition. This determines
how strain propagates through the lattice to minimize angular tension.

B.4 Minimal Action Pathways for Defect Motion

A Planck-scale vacancy defect follows a path that minimizes accumulated strain, i.e., a local mini-
mum of the lattice action. This path is defined not by spatial distance, but by coherence geometry.
Defect trajectories are determined by:

argmin
path

∑
steps

L(ϕi, ϕj , γij) (36)

Such paths may be highly non-linear in coordinate space but always traverse locally decreasing
angular tension. This replaces geodesic motion in curved spacetime with strain-optimized propa-
gation in discrete coherence space.
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B.5 Phase Recoherence and Energy Dissipation

Reabsorption of a defect corresponds to destructive interference of phase misalignments, leading to
local minimization of angular strain:

γij → 0 ⇒ ϕj ≈ ϕi (37)

This local equilibration is the mechanism of energy dissipation and coherence restoration in the
Holosphere lattice.

Appendix C: Potential Forms in the Coherence Lagrangian

The potential function V (ϕ) in the coherence Lagrangian represents the internal angular energy
associated with a given phase configuration at a lattice site. Unlike a classical external field,
V (ϕ) arises from local geometric constraints, inter-shell torque, and topological locking between
Holospheres. Below we present several candidate forms of V (ϕ) and their physical interpretations.

C.1 Harmonic Coherence Potential

V (ϕ) =
1

2
ω2ϕ2 (38)

This potential models a restoring torque that resists deviation from a preferred alignment (e.g.,
radial or orbital coherence). It approximates small-angle deviations and leads to harmonic oscilla-
tion around stable configurations. Applicable in low-strain interior zones of the lattice.

Interpretation: Restorative angular tension in regions of high coherence. Used to model
inertia, oscillatory strain modes, or phonon-like behavior in the lattice.

C.2 Topological Barrier Potential

V (ϕ) = V0 sin
2(nϕ) (39)

This form introduces periodic energy barriers between preferred discrete orientations, where n
is the number of stable phase states per shell (e.g., n = 6 or n = 42). It allows for quantized phase
locking and models resistance to transitions between orbital modes.

Interpretation: Phase quantization due to symmetry constraints in cuboctahedral packing.
Prevents continuous drift and permits only discrete reconfiguration pathways. Relevant in charge,
spin, or orbital quantization contexts.

C.3 Phase-Slip or Kink Potential

V (ϕ) = V0 [1− cos(ϕ)] (40)

This potential models systems with metastable phase configurations and phase-slipping transi-
tions. It allows for the creation of localized kinks or soliton-like structures in ϕ, where energy is
stored in topological misalignment.

Interpretation: Models angular tension regions supporting defect nucleation or trapping. May
be used to represent charge or spin-carrying defect cores or bosonic modes bound to phase defects.
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C.4 Flat Potential Zone

V (ϕ) = 0 (41)

This special case applies in regions of neutral coherence where phase can vary freely without
restoring force. Propagation is governed purely by gradient strain γ.

Interpretation: Represents high-coherence interior zones or vacuum-like backgrounds. Va-
cancies travel freely unless they encounter a coherence gradient or boundary.

C.5 Custom Composite Potentials

In general, V (ϕ) may be composed of multiple contributions:

V (ϕ) =
1

2
ω2ϕ2 + V0 sin

2(nϕ) + ϵ [1− cos(ϕ)] (42)

This allows the Lagrangian to model complex behaviors such as defect resonance, oscillatory
damping, or transitions between quantized energy wells.

Interpretation: Composite coherence potentials may model particle-like excitation spectra,
stable orbital quantization, or defect trapping layers across shell boundaries.

Appendix D: Derivation of the Discrete Euler–Lagrange Equation

In the Holosphere lattice, physical evolution arises from the minimization of total angular strain
across coherence-linked nodes. This appendix derives the discrete analogue of the Euler–Lagrange
equation for the coherence field ϕ using a finite-difference variational approach.

D.1 Setup: The Discrete Action

Let the action S[ϕ] be defined over a set of connected lattice sites, indexed by i and j, where each
pair ⟨i, j⟩ denotes a coherence-connected link. The action is the sum of local Lagrangian terms:

S[ϕ] =
∑
⟨i,j⟩

L(ϕi, ϕj , γij) (43)

where: - ϕi is the coherence phase at site i - γij = ϕj − ϕi is the angular strain along the link
from i to j - L is a strain-based Lagrangian depending on ϕi, ϕj , and γij

D.2 Variational Principle

We perturb the field ϕi → ϕi + δϕi and compute the variation in action δS to first order:

δS =
∑
⟨i,j⟩

(
∂L
∂ϕi

δϕi +
∂L
∂ϕj

δϕj

)
(44)

To isolate the effect at a single node k, we focus on all terms in the action involving ϕk:

δSk =
∑

j∈nbrs(k)

[
∂L(ϕk, ϕj)

∂ϕk
+
∂L(ϕj , ϕk)

∂ϕk

]
δϕk (45)

Stationarity of the action for arbitrary δϕk yields the discrete Euler–Lagrange condition:
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∑
j∈nbrs(k)

[
∂L(ϕk, ϕj)

∂ϕk
+
∂L(ϕj , ϕk)

∂ϕk

]
= 0 (46)

This equation determines how the coherence phase ϕk must adjust to locally minimize angular
strain with its neighbors.

D.3 Example: Symmetric Quadratic Lagrangian

For a symmetric Lagrangian of the form:

L(ϕi, ϕj) =
1

2
(ϕj − ϕi)

2 =
1

2
γ2ij (47)

we compute:

∂L
∂ϕi

= −(ϕj − ϕi) = −γij (48)

∂L
∂ϕj

= +(ϕj − ϕi) = +γij (49)

Then the discrete Euler–Lagrange condition becomes:∑
j∈nbrs(k)

[−γkj + γjk] = 0 (50)

Since γkj = −γjk, this reduces to: ∑
j∈nbrs(k)

γkj = 0 (51)

which is a discrete conservation law for coherence strain: the net angular strain across all
neighbors of site k must vanish at equilibrium.

D.4 Physical Interpretation

This condition expresses angular strain balance at each node. Physically, it means that each
Holosphere adjusts its phase to equalize tension with its neighbors. This is the discrete analogue
of force balance or Laplace’s equation in elasticity. In dynamic cases, this leads to defect motion,
wave propagation, or angular recoil under topological tension.

The discrete Euler–Lagrange framework thus replaces differential calculus with local strain
balance over finite connections, preserving the action principle in a lattice geometry.

Appendix E: Coherence Quantization and the Emergence of ℏ

In conventional quantum mechanics, ℏ appears as a fundamental constant linking energy and fre-
quency, or action and phase. In Holosphere Theory, ℏ arises naturally from the quantized angular
coherence of the lattice and defines the minimal unit of action for Planck-scale defect propagation.
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E.1 Action from Angular Phase Reconfiguration

Each Planck-scale vacancy defect carries quantized angular strain as it propagates between lattice
nodes. This motion corresponds to a change in angular phase ϕ across a coherence link and
accumulates action:

δS =

∫
L dt ∼ 1

2
γ2∆t (52)

If the minimal angular phase step is ∆ϕ ∼ 2π/n, where n is the number of discrete phase states
per shell (e.g., n = 6 or n = 42), then the minimal angular strain per link is:

γmin ∼ ∆ϕ (53)

Substituting into the action:

Smin ∼ 1

2
(∆ϕ)2∆t (54)

If ∆t is the time for a single Planck-scale reconfiguration, then this action is the minimal
quantum of strain propagation in the lattice — interpreted as ℏ:

ℏ ≡ ∆Scoh ∼ 1

2
(∆ϕ)2∆t (55)

This interpretation links Planck’s constant to the geometry and dynamics of phase transitions
across the discrete lattice, rather than postulating it as fundamental.

E.2 Energy-Frequency Relation from Coherence Hopping

If a defect completes one full phase cycle in time ∆t, the frequency is:

f =
1

∆t
(56)

The energy transported per cycle is:

E =
S

∆t
∼ 1

2
(∆ϕ)2 (57)

Thus, energy and frequency are related by:

E ∼ ℏf (58)

This derivation reproduces the quantum energy relation from angular coherence principles. In
the Holosphere framework, this relation is not axiomatic but arises from discrete phase motion
through the lattice.

E.3 Quantization as Coherence Step Size

Coherent lattice configurations are only stable at discrete phase values — much like only certain
standing waves are stable in a vibrating membrane. The quantization of action follows from the
number of possible coherent phase alignments within each shell.

If a shell supports n coherent modes, then:

∆ϕ =
2π

n
, ∆S = ℏ =

(2π)2

2n2
∆t (59)
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This implies ℏ itself is a structural outcome of nested shell quantization — and could, in
principle, vary slightly across shells or generations of particles.

E.4 Interpretation

In Holosphere Theory: - ℏ is the minimal action required to rotate a phase-aligned lattice element
through one coherence state. - It emerges from quantized angular reconfiguration, not intrinsic
properties of fields or particles. - All quantum behavior — uncertainty, energy levels, and tunneling
— follows from this coherence-based unit of action.
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