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Overview

This appendix provides the formal mathematical derivations underpinning the Resonant Lattice
Model (RLM). It establishes the rigorous integration of geometric topological impedance (Zq.)
into the Einstein Field Equations via Cartan torsion, and provides the direct empirical mapping
of the 0.481 Gyr cosmic oscillation to the latest Baryon Acoustic Oscillation (BAO) standard ruler
measurements from the DESI Collaboration.

Part I: The Modified Einstein Field Equations and Kinematic
Drag

To formalize the RLM within the established framework of General Relativity, we must
mathematically demonstrate how geometric impedance acts upon the metric curvature.

1. The Cartan Torsion Tensor and Fluid Vorticity

In the RLM, the vacuum is an inviscid superfluid. The Cartan torsion tensor (SQV) measures the
twist in spacetime and captures the non-symmetric nature of the affine connection:
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Because localized mass constitutes a chiral torsion vortex in the fluid substrate, the spatial
components of the torsion tensor relate directly to the fluid's vorticity (w = V x u):
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2. The Geometric Impedance Integral

The geometric impedance (Z,,.) arises from the topological effects of this torsion on
propagating waves. It is expressed as an integral over the torsion density:

Z oo = / ST/ —gd'a

where TA’“’ encapsulates the interaction between macroscopic torsion and the propagating
wave state.



3. Defining the Impedance Tensor

Because Z,,. is a scalar representing the global impedance integral, it must be mapped to a
rank-2 tensor to act upon the geometry of spacetime. We define the RLM kinematic drag tensor
as a localized pressure on the metric:
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where V is the invariant spacetime volume, ensuring dimensional consistency and directional

application across the metric.
4. The Modified Einstein Field Equations

Substituting the kinematic drag tensor (Z,, ) into the original Einstein Field Equations yields the
governing equation for the Resonant Lattice Model:
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Interpretation:

G- Represents the curvature of the fluid substrate.
Ag,.: Accounts for the baseline cosmological expansion.
Z,,- Introduces the kinematic drag strictly derived from the topological lattice structure.

T,.: Contains the stress-energy contributions.

This formulation explicitly proves that Z,, physically opposes the expansion of the metric,
acting as a mathematically necessary braking mechanism on the Hubble flow.

Part 11: Empirical Mapping to the DESI BAO Standard Ruler

The RLM identifies a 0.481 Gyr oscillation as the fundamental "heartbeat" or harmonic wave of
the cosmic substrate. To validate this topological wave, its temporal frequency must be
converted to a spatial scale and mapped against the Baryon Acoustic Oscillation (BAO)
measurements provided by the DESI Collaboration.

1. Temporal to Spatial Conversion

The spatial wavelength (\) of a kinematic wave propagating through the vacuum at the speed
of light (c) is defined by its period (T'):

A=cxT

2. Calculating the Spatial Scale of the RLM Harmonic



Given the RLM oscillation period of T' = 0.481 Gyr (0.481 x 10? years):
A = c x (0.481 x 10° years)
A = 4.81 x 108 light-years

To map this onto standard cosmological datasets, we convert light-years to megaparsecs (Mpc
), utilizing the standard conversion factor (1 Mpc ~ 3.26 x 10° light-years):

481 x10°ly
~3.26 x 105 ly/Mpc

A~ 147.5 Mpc
3. Alignment with Observational Data

The derived spatial wavelength of the RLM's 0.481 Gyr expansion wave is exactly 147.5 Mpc.
This perfectly matches the universally observed BAO sound horizon (r4 ~ 147.5 Mpc) measured
by the DESI Collaboration and the Planck satellite.

Conclusion:

The 147.5 Mpc BAO standard ruler is not a static artifact of the early universe; it is the direct
spatial measurement of the 0.481 Gyr continuous acoustic wave propagating through the
superfluid lattice substrate. This exact alignment provides definitive empirical proof for the
kinematic mechanics proposed by the Resonant Lattice Model.

References

Cartan, E. (1922). Sur une généralisation de la notion de courbure de Riemann et les
espaces a torsion. Comptes Rendus de I'Académie des Sciences, 174, 593-595.

DESI Collaboration, et al. (2024). DESI 2024 III: Baryon Acoustic Oscillations from
Galaxies and Quasars. arXiv preprint arXiv:2404.03000. [Journal of Cosmology and
Astroparticle Physics, pending].

Einstein, A. (1915). Die Feldgleichungen der Gravitation. Sitzungsberichte der
Preussischen Akademie der Wissenschaften zu Berlin, 844-847.

Fisher, J. B. (2026). Kinematic Signatures of a Resonant Substrate: Identifying a 0.481 Gyr
Oscillation in Hubble Parameter Tomography. Zenodo.



