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Abstract

This paper develops a dual-boundary cosmology for the Aether Physics Model (APM) in
Quantum Measurement Units (QMU). The central claim is that the Universe presents two
distinct boundary types. A galactic-center singularity or black-hole singularity is treated as
a physical closure wall produced by maximum Aether density. The cosmological observation
horizon is treated as an observer-relative photon-reach boundary produced by accumulated
local space creation. These limits are not equivalent: the first is a local maximum-density
wall, while the second is a long-distance communication boundary caused by effective dilution
along the photon path. A dimensionless occupancy coordinate, x = p/pa, is introduced to
express both limits in one QMU ledger. The singularity limit is y — 1; the observational-
horizon limit is xeg — 0. Pressure is defined as QMU energy-density stress, pres = enrg/volm,
thereby connecting thermodynamic closure, singularity walls, and cosmological expansion without
introducing macroscopic conversion constants into the main derivation.
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1 Introduction

The distinction between a physical boundary and an observational boundary is essential for a
ledger-first cosmology. The Aether Physics Model treats the Aether as the primary geometric
substrate of physical existence, and Quantum Measurement Units provide the dimensional ledger
in which the relevant densities, pressures, closure states, and propagation limits are expressed.
Institutional attribution follows the QADI reference identity [Thomson III, 2025]; QMU conversion
tables and charge-ledger rules are maintained separately as internal reference works [Thomson,
2025b,a, Thomson III, 2026].

Classical relativistic cosmology describes an expanding large-scale universe through metric structure
and scale dynamics [Einstein, 1917, Lemaitre, 1927, Hubble, 1929, Robertson, 1935, Walker, 1937].
The black-hole problem is historically associated with the Schwarzschild exterior solution and the
later interpretation of gravitational collapse boundaries [Schwarzschild, 1916]. The present paper
does not attempt to rewrite that literature in its own notation. Instead, it extracts a sharper QMU
question: can the maximum-density boundary associated with singularities and the apparent distant
boundary associated with cosmic observation be expressed as opposite limits of one Aether-occupancy
ledger?

The proposed answer is yes. The galactic center and black-hole centers are treated as local maximum-
density closure walls. The edge of the observable universe is treated as a photon-reach boundary
caused by accumulated local expansion effects. The first is a physical limit; the second is an
observer-relative visibility limit. An observer near our present horizon would see us near their
horizon and would also see galaxies beyond our horizon. In that sense every observer is central only
within their own observation sphere, not within the physical Universe as a whole.
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2 QMU Ledger Premises

The QMU derivation begins with the quantum volume unit
volm = A\ (1)
The QMU temperature unit is the geometric excitation structure
temp = )\CQFQQ, (2)

and the QMU energy unit is
enrg = metemp = meAc>F,2. (3)

Pressure is therefore not introduced as a macroscopic gas-wall statistic. It is the stress density of
QMU energy within QMU volume:

enrg me)\cquQ

= = mero L E,2. 4
volm Ao? Metc T )

The central closure is immediate:
pres volm = enrg. (5)

This identity is the thermodynamic bridge into cosmology. If pressure is energy-density stress, then
a singularity wall is a limit of maximum stress occupancy, and the distant observation horizon is a
limit of vanishing effective communicated stress along a photon path.

A canonical Aether closure used as a ledger check is
Ay curl = F2 A2 (6)

This identity keeps the derivation tied to Aether rotational self-identity rather than to a macroscopic
unit system.

3 Maximum Aether Density

The Aether maximum mass is defined as

Yokt I
Mo = — 1 (7)
The corresponding maximum Aether density is
mq
= . 8
pa volm (8)

Since volm = Ac>, the density relation reduces algebraically to a gravitational closure density
expressed through Fq2 /G when translated through the defining relation for m,. In the QMU
narrative, however, Equation (8) is preferred because it preserves the occupancy interpretation:
maximum Aether mass per quantum volume.

Define the local Aether occupancy coordinate

p
oc — — - 9
Xioe = -~ (9)
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The closure wall condition is then
Xloc — L. (10)

This is the proposed QMU meaning of a singularity wall. The galactic center is not merely a
high-density object; it is a local region where Aether occupancy approaches its maximum closure
state. Each black hole throughout the Universe fulfills the same structural role. It is an edge to
physical participation because the Aether ledger has reached maximum density.

4 The Galactic Center as a Closure Wall

The phrase “wall” is used here in a geometric and ledger-specific sense. A wall is a termination
condition for ordinary physical traversal, not necessarily a material surface. In the APM, the
galactic-center singularity represents a local maximum-density boundary of the physical Universe.
The same function applies to black-hole singularities wherever they occur.

The pressure interpretation follows from Equation (5). If density approaches p4, then the associated
pressure state approaches a maximum local stress state. The wall is therefore characterized by
simultaneous occupancy and stress closure:

Buax ' Xloe — 1, pres — pres, .- (11)

The notation By identifies the maximum-density boundary class. It is local, physical, and not
observer-relative. An observer cannot re-center away the singularity wall by changing location. The
wall is generated by the Aether occupancy condition itself.

This is the first boundary type in the dual-boundary model.

5 Space Creation, Space Annihilation, and Net Expansion

The APM expansion premise is that space creation exceeds space annihilation:
Sy >8. (12)
The net local creation rate may be represented as
A§=8,—-8_>0. (13)

Equation (13) is deliberately local. The visible expansion of the Universe is not treated as galaxies
flying through a fixed container. It is treated as the cumulative long-distance effect of local additions
of geometric extent between source and observer.

Let £ denote a photon path partitioned into local Aether cells. The accumulated new path extent

may be represented schematically as
Ncell

AL=Y" AL, (14)
i=1
where each A/; is the local contribution of net space creation along the path. Nearby sources have
small accumulated AL. Distant sources have large accumulated AL. At sufficient distance, the
cumulative path growth exceeds the photon’s ability to complete the communication link to the
observer.

This gives the second boundary type: not a physical wall, but an observation horizon.
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6 Zero-Effective-Density Observation Horizon

The observation horizon is defined by photon-reach failure. The distant edge is not a place where
Aether physically ends. Rather, it is the observer-relative boundary at which photons cannot
complete the path because cumulative expansion has outpaced the communication relation.

To distinguish this from physical density, define an effective observational occupancy coordinate:

Xeff = (15)

pa
Here peg is not asserted to be a direct physical measurement of local Aether density at the distant

source. It is the observer’s path-diluted effective density inferred through photon communication.
The observational-horizon condition is

Hobs : Xeff — 0. (16)

The notation Hps identifies the observation-boundary class. It is relative to the observer and to
the photon path. It does not imply that the physical Universe terminates at the horizon.

An observer located near our current observational boundary would construct their own horizon. To
that observer, our region would lie near their observation edge, while galaxies beyond our present
view could lie within their view. This preserves observational centrality without requiring a unique
physical center.

7 Dual Boundary Taxonomy
The two boundary classes can now be written in one table.

Table 1: Dual boundary taxonomy in QMU occupancy form.

Boundary class Limit Boundary type Interpretation

Biax Xloc — 1 Physical closure wall Maximum Aether density; galactic centers and
black-hole singularities

Hobs Xeff — 0 Observation horizon Photon-reach failure from accumulated local
expansion

The important asymmetry is that Byax is local and physical, while Hops is path-dependent and
observational. Both appear as edges, but they are not the same kind of edge. Treating them as
identical would collapse a real distinction in the ledger.

8 Pressure, Closure Asymmetry, and Cosmological Interpretation

Pressure provides the bridge between local physical closure and large-scale observational dilution.
In a QMU gas ledger, the native ideal-gas form is

PV = N9 enrg, (17)
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where ¥ is a dimensionless thermal coordinate. In cosmological use, the same pressure-volume-energy
identity is not a gas approximation but a stress ledger:

pres volm = enrg. (18)

At a maximum-density wall, the stress side of the identity approaches closure saturation. At
an observation horizon, the communicated stress tends toward zero effective contribution for the
observer. Therefore the two boundaries form opposite ends of a communication-and-occupancy
spectrum:

Buwax :  p— pa, pres— PIeSmax; (19)

Hobs : pet — 0, presqg — 0. (20)

The closure asymmetry is not that the Universe has two physical edges. It is that physical density
and observationally effective density obey different boundary conditions.

9 Observer-Centered Horizons Without a Cosmic Center

Every observer occupies the center of their observable sphere because observation is defined by
incoming photon paths. This does not imply that every observer occupies the center of the physical
Universe. Let observer A and observer B be separated by a distance near the photon-reach boundary
of A. Then B may see galaxies beyond A’s horizon, while A may see galaxies beyond B’s horizon in
the opposite direction. Each observer constructs a local observation sphere, and each sphere has its
own Hobs-

This interpretation separates three concepts that are often conflated:

1. the physical Universe;
2. the observer’s observable Universe;

3. local maximum-density walls inside the physical Universe.

Only the third category is a physical closure boundary. The second category is a photon-
communication boundary. The first category is not identified with either observer’s horizon.

10 Falsifiable Directions and Paper-Level Predictions

The dual-boundary model suggests several research directions suitable for later papers.

First, redshift should be expressible as a cumulative path-ledger effect of local space creation. The
relevant quantity is not merely source distance but the path integral of net creation, represented
schematically by Equation (14). This predicts that redshift residuals should correlate with path-
dependent Aether occupancy structure, not only with geometric distance.

Second, singularity-wall modeling should be expressible through the limit yjoc — 1. A successful
QMU treatment of black-hole or galactic-center dynamics should derive a maximum-stress boundary
from pa = mg/volm and pres = enrg/volm.

Third, observational horizons should remain observer-relative. No horizon measurement should be
interpreted as a physical edge of the Universe without first separating p from peg.
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Fourth, the pressure formalism creates a bridge to the QMU thermodynamic papers. Thermodynamic
pressure, singularity pressure, and cosmological effective pressure can be treated as different ledger
applications of the same core identity presvolm = enrg.

11 Conclusion

This paper proposes that the Aether Physics Model contains a natural dual-boundary cosmology.
Galactic centers and black-hole singularities are maximum-density closure walls, represented by
Xloc — 1. Cosmological horizons are zero-effective-density observation boundaries, represented by
Xeff = 0. The two limits are complementary but not equivalent. One is a physical edge caused by
maximum Aether density; the other is a photon-reach edge caused by accumulated local expansion
and effective observational dilution.

The pressure identity presvolm = enrg supplies the mathematical bridge. It converts the ideal-gas
QMU result into a broader cosmological stress ledger, allowing thermodynamic closure, black-hole
closure, galactic-center closure, and horizon formation to be described within one dimensional
framework. This opens a distinct paper territory: not merely expansion, not merely singularities,
but the classification of cosmic edges by Aether occupancy and photon communication.

A SI Bridge and External Reference Policy

Numerical constants used for SI comparison are taken from the latest CODATA recommended
values [Tiesinga et al., 2023]. All derivations in the main text remain QMU-first.

The derivations in the main text are QMU-first. Standard constants and conventional cosmological
literature are cited to establish the external comparison frame, not to define the QMU ledger.
Numerical bridge values should be taken from CODATA when explicit SI comparisons are required
[Tiesinga et al., 2023]. The present paper requires no numerical SI evaluation for its main closure
results.

Acknowledgments

The Quantum AetherDynamics Institute (QADI) is a private 501(c)(3) research institute devel-
oping the Aether Physics Model (APM) and Quantum Measurement Units (QMU) [Thomson III,
2025]. Publications and data are archived with DOIs in the AetherPhysics Zenodo community:
zenodo.org/communities/aetherphysics.

References

Albert Einstein. Kosmologische betrachtungen zur allgemeinen relativitdtstheorie. Sitzungsberichte
der Kéniglich Preussischen Akademie der Wissenschaften, pages 142-152, 1917.

Edwin Hubble. A relation between distance and radial velocity among extra-galactic nebulae.
Proceedings of the National Academy of Sciences, 15(3):168-173, 1929. doi: 10.1073/pnas.15.3.168.


https://zenodo.org/communities/aetherphysics

REFERENCES 7

Georges Lemaitre. Un univers homogeéne de masse constante et de rayon croissant rendant compte de
la vitesse radiale des nébuleuses extra-galactiques. Annales de la Société Scientifique de Bruzelles,
47:49-59, 1927.

H. P. Robertson. Kinematics and world-structure. The Astrophysical Journal, 82:284-301, 1935.
doi: 10.1086/143681.

Karl Schwarzschild. iiber das gravitationsfeld eines massenpunktes nach der einsteinschen theorie.
Sitzungsberichte der Kioniglich Preussischen Akademie der Wissenschaften, pages 189-196, 1916.

David Thomson. The charge conversion factor in the aether physics model: From singular to
distributed charge, with rules, exceptions, and benchmarks, October 2025a. URL https://doi.
org/10.5281/zenodo.17451188.

David Thomson. Reference tables for quantum measurement unit (qmu) conversions: Cgs and mks
systems, November 2025b. URL https://doi.org/10.5281/zenodo.17683574.

David W. Thomson III. Quantum aetherdynamics institute (qadi): Community doi overview and
citation guide. Zenodo, 2025. URL https://doi.org/10.5281/zenodo.17479314.

David W. Thomson ITI. Quantum aetherdynamics institute research papers. Quantum AetherDy-
namics Institute, 2026. URL https://quantumaetherdynamics.org/papers/.

E. Tiesinga, P. J. Mohr, D. B. Newell, and B. N. Taylor. Codata recommended values of the
fundamental physical constants: 2022. Reviews of Modern Physics, 95:025010, 2023. doi:
10.1103/RevModPhys.95.025010.

A. G. Walker. On milne’s theory of world-structure. Proceedings of the London Mathematical
Society, 42(1):90-127, 1937. doi: 10.1112/plms/s2-42.1.90.


https://doi.org/10.5281/zenodo.17451188
https://doi.org/10.5281/zenodo.17451188
https://doi.org/10.5281/zenodo.17683574
https://doi.org/10.5281/zenodo.17479314
https://quantumaetherdynamics.org/papers/

	Introduction
	QMU Ledger Premises
	Maximum Aether Density
	The Galactic Center as a Closure Wall
	Space Creation, Space Annihilation, and Net Expansion
	Zero-Effective-Density Observation Horizon
	Dual Boundary Taxonomy
	Pressure, Closure Asymmetry, and Cosmological Interpretation
	Observer-Centered Horizons Without a Cosmic Center
	Falsifiable Directions and Paper-Level Predictions
	Conclusion
	SI Bridge and External Reference Policy

