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Abstract

In Constitutive Mechanics of the Vacuum Ill (CMV-IIl), matter was modeled as stable
topological defects embedded in a continuous elastic vacuum. In this companion paper,
we extend that ontology to atomic structure. We demonstrate that atomic shells and orbital
families arise naturally as standing-wave solutions of a resonant vacuum cavity
constrained by a central topological defect. The familiar scalar, vector, and tensor orbital
classifications of quantum mechanics are shown to correspond directly to monopole,
dipole, and higher-order shear modes of the vacuum medium. Atomic stability, shell
closure, and periodic trends emerge as mechanical node conditions rather than
probabilistic electron occupancy.

1. Introduction
1.1 The Atomic Structure Problem

Quantum mechanics describes atomic structure using abstract wavefunctions, orbitals,
and quantum numbers. While predictive, these constructs lack a clear physical substrate.
In particular:

e Whydo shells close at specific occupancies?
e Why do orbital families (s, p, d, f) recur universally?

e Why does atomic stability depend more on structure than on absolute scale?



Within the CMV framework, these questions are addressed mechanically. Atoms are
resonant structures in a continuous elastic medium, organized by standing-wave node
conditions.

1.2 Relation to Prior Work
This paper builds directly on:
e CMV-III: Matter as topological defects
e Companion I: Gravity as stiffness gradient
e Companion ll: Spin and fermions as tethered rotational modes

Here, we extend the defect model from existence to organization.

2. Central Defect as Resonant Boundary
2.1 The Atomic Core

The atomic nucleus is modeled as a volumetric stress-focused defect—a region where
inward-propagating vacuum waves converge and permanently cavitate the medium. This
defect:

e Displaces vacuumvolume
e Acts as afixed boundary condition
e Defines aresonant cavity for surrounding shear modes

The nucleus is therefore not a “point charge,” but a mechanical node.

2.2 Vacuum Resonance Condition

Standing waves form when outward-propagating shear modes reflect from the effective
impedance gradient surrounding the core. Stability requires:

$k-dl =2nn

where:

¢ Kkis the local wave vector



e nis aninteger mode index

Only discrete resonant configurations persist.

3. Mode Classification and Orbital Families

3.1 Scalar (Monopole) Modes — s-Orbitals

Scalar modes correspond to radial breathing oscillations of the vacuum medium:
e No angular nodes
e Pure compression/expansion
e Maximum coupling to the core defect

These modes form the s-shells.

3.2 Vector (Dipole) Modes — p and d-Orbitals

Vector modes involve torsional shear about one or more axes:
e Angular node planes
o Directional lobes of shear stress
e Reduced core coupling

These correspond to pand d-orbitals, distinguished by angular complexity.

3.3 Tensor (Higher-Order) Modes — f-Orbitals
Tensor modes represent internal shear buckling:
e Multiple angular nodes
e Strong localization near the core
e High strain energy density

These modes account for the f-block and its distinctive chemical behavior.

4. Shell Closure as Mechanical Node Completion



4.1 Node Saturation

A shell closes when all mechanically admissible modes of a given symmetry class are
occupied. This is a geometric completeness condition, not an energetic filling rule.

Shell closure occurs when:

Z D; = DPyowed
i

where ®;represents the stress-flux contribution of each mode.

4.2 Periodicity

The periodic table emerges as a map of increasing mode complexity, not increasing
electron count per se. Each new period corresponds to the activation of a higher-order
resonant family.

5. Atomic Stability and Chemical Behavior
5.1 Stability Criteria
Stable atoms minimize:

e Total elastic strain energy

¢ Mode interference

e Lattice frustration

This explains why noble gases represent fully satisfied resonant states.

5.2 Chemical Bonding (Preview)

Chemical bonding arises when adjacent atomic resonators couple their outer shear
modes, forming shared standing-wave structures. This will be developed further in later
work.

6. Relation to Quantum Mechanics



Quantum numbers map cleanly to mechanical quantities:
QM Quantity Mechanical Interpretation
Principalnumbern Radial resonance order

Angular momentum [ Shear mode order

Magnetic number m Orientation of shear lobes

Spin Tethered rotational topology

Probability densities reflect time-averaged stress distributions, not intrinsic randomness.

7. Discussion
This model:
e Preserves all successful quantum predictions
¢ Eliminates wave-particle duality
e Explains shell closure mechanically
e Provides a physical basis for orbital geometry

Atomic structure is revealed as vacuum resonance geometry, not electron choreography.

8. Conclusion

By treating atoms as resonant structures organized by mechanical node conditionsin a
continuous vacuum medium, we recover the full structure of atomic shells and orbital
families without invoking probabilistic postulates. Atomic order arises from elasticity,
topology, and resonance—not abstraction. This result completes the transition from
particles as defects to atoms as structured resonators within the Constitutive Vacuum
framework.
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