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Abstract

We present a finite—capacity reformulation of cosmology in which the universe behaves
as an information-bounded system analogous to an RC circuit approaching saturation. By
coupling the Einstein—Hilbert action to a scalar field f(z#) representing the remaining infor-
mational headroom, we derive a modified set of gravitational field equations that naturally
reproduce cosmic acceleration, black—hole mass limits, and quantum-relativistic corrections
without invoking external dark components. In this framework, all physical processes evolve
according to the differential depletion of capacity, d; f, linking entropy growth, time dilation,
and curvature feedback through a single dynamical law. The theory predicts observable bot-
tlenecks in the cosmic star—formation history near redshifts z=/10.5 and z24.5, a universal
0.67 load threshold in black—hole evolution, and rotation—curve and lensing offsets consis-
tent with dark—matter phenomenology. Together, these results suggest that the universe is a
bounded rendering system governed by its maximum entropy limit, Cy,ax, and that apparent
anomalies in cosmology and quantum mechanics arise from the finite informational capacity

of spacetime itself.



Structure of This Volume

The Logical Progression of the Cmax Framework

This volume is designed as both a sequential and modular work. Each paper can be read
independently, yet all form a continuous progression from first principles to observational im-

plications.

Part I: Foundations of a Bounded Universe

(Papers 1-2)

These chapters establish the core analogy between the universe and a finite—capacity electrical
system. Paper 1 (C-SYS MAX) introduces the concept of cosmic capacity, while Paper 2 (The
Load Curve) derives the dynamic charging law and identifies measurable entropy bottlenecks in

the early universe.

Part II: Quantum and Informational Extensions

(Papers 3-5)

The Cmax model is expanded into the quantum domain. Paper & incorporates headroom
coupling into quantum field theory; Paper 4 reframes dark matter as informational latency;
and Paper 5 applies these principles to galaxy rotation data, eliminating the need for hidden

mass.

Part III: Black Holes and Gravitational Limits

(Paper 6)

This paper develops the load—limited evolution of black holes, introducing the 0.67 saturation
threshold and demonstrating its consistency with observed supermassive systems such as M87*

and TON 618. It shows that black holes are not singularities, but local manifestations of C,ax.

Part IV: Unified Physics and Beyond

(Papers 7-8)

Paper 7 (Unified Framework) derives the headroom—coupled Einstein—Hilbert action, uniting
relativity, quantum mechanics, and cosmology within a single finite-capacity law. Paper 8 (The
Multiverse) extends this formalism to higher hierarchies of render domains, proposing that

universes themselves are embedded within shared meta—capacity constraints.

Each section of the series builds logically from the last: from the observation of entropy limits, to



their mathematical modeling, to their consequences for structure formation, quantum behavior,
and cosmic architecture. Together they form a complete, falsifiable framework for a universe

that is not infinite, but profoundly finite—a cosmos defined by its own capacity to exist.
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Reading Notes

How to Approach This Volume

The Cmax papers are written for a broad range of readers: physicists, engineers, philosophers
of science, and anyone interested in the structure and limits of the universe. Each paper is self—
contained, yet contributes to a single theoretical framework built around a unifying idea—that

spacetime has a finite informational capacity.

Readers new to the series may begin with Paper 2 (The Load Curve) for an intuitive introduction
to finite—capacity cosmology before progressing to the more formal derivations. Those interested
in observational applications can focus on Papers 4—6, while readers seeking the mathematical

core should turn to Paper 7, which presents the modified Einstein—Hilbert action in full form.

For interdisciplinary readers, the series may be approached as a conceptual arc rather than
a strict technical progression. Each section is accompanied by figures, data references, and
analogies designed to link abstract physics with physical intuition. The capacitor model is not
a metaphor, but a mathematically consistent representation of how information and energy

evolve in a bounded system.

The volume is best read with both scientific rigor and imaginative freedom—it asks that we see
physics not as a completed map, but as a rendering process still in motion. Equations serve as

both constraints and invitations, describing what can exist within the universe’s finite capacity.

May this work be read as it was written: as an exploration of limits, of coherence, and of the

beauty that emerges when finitude replaces infinity.

R. M. Gaver
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1. Introduction

The purpose of this paper is to formalize the Cmax framework as a finite—capacity extension
of general relativity. Earlier works established that the universe behaves as a bounded infor-
mation system approaching a maximum entropy limit, Cax. Here we derive the corresponding
field equations directly from the Einstein—Hilbert action and demonstrate that cosmic accelera-
tion, black—hole thresholds, and quantum corrections all emerge from the same finite headroom

function f(z#).

2. Finite—Capacity Principle

The RC-Cmax interprets the universe as a dynamic capacitor. Its state of charge is quantified
by the ratio n = S/Cax, with available headroom f = 1 — 7. This field evolves exponentially

with cosmic time, reflecting the gradual saturation of the universe’s informational bandwidth.

3. Formal Derivation from the Einstein—Hilbert Action

We begin with the standard Einstein—Hilbert action,

B 1 4
S — M/(R 20) /=g d* + Smatiers (1)

where R is the Ricci scalar, A is the cosmological constant, and Smatter contains the matter
fields.

In the Cyax framework, spacetime itself is subject to a finite informational capacity Cyax,
and at each epoch the system’s occupied fraction of capacity is

S(zH)
CIVIAX ’

n(z!) = f@t) =1—=n(a"), (2)

where f represents the remaining headroom available for rendering new information. We pro-

mote f(x*) to a scalar field that locally modulates the effective curvature response.



3.1. Modified Action

The headroom field couples directly to the curvature term,

S = 1o | 10" (R~ 200V=94% + St (3)

When f — 1, the standard Einstein—Hilbert action is recovered, while f < 1 corresponds to

reduced informational headroom and suppressed curvature dynamics.

3.2. Variation and Field Equations

Variation of Eq. with respect to g, yields the modified Einstein equations
f G;w + (g;wD - V,uvz/)f +Af Guv = 8nG Ty, (4)

where G, is the Einstein tensor and 7),, the stress—energy tensor of matter. If f varies slowly

on cosmological scales, the derivative term is negligible and gravity behaves as though

Geff =

?, (5)

so that diminishing headroom (f < 1) weakens the effective gravitational coupling.

3.3. Evolution of the Headroom Field

To describe how f evolves, we introduce a simple relaxation law consistent with the charging

analogy:

S Lap, )

Df=—gr =7

where 7 is the characteristic rendering time constant. Equation @ reproduces the exponential

load curve f(t) = e~*/7 in homogeneous conditions.

3.4. Cosmological Solution

For a spatially flat FRW metric, Eq. leads to the headroom—corrected Friedmann equation,

rG k A

=, 2
sf P23

(7)



where the factor 1/f acts as a dynamic amplifier of the apparent expansion rate. As f decreases
with cosmic time, the universe experiences accelerated expansion without invoking additional

dark energy.

3.5. Black—Hole Limit

Locally, within the Schwarzschild geometry, f = f(r) introduces a natural saturation of curva-
ture near the event horizon. The effective mass approaches a finite limit M (1) = Mpyax (1 —e "/ T) ,
yielding the observed 0.67 load threshold when M/Mpax ~ 1 — e~ 1. This establishes the black

hole as a bounded information capacitor consistent with the global Cy,x principle.

3.6. Quantum Coupling

The same scalar field may couple to the Dirac Lagrangian as

‘CDirac = fTIZ_)(Z’)/‘U‘DM - m)T/), (8)

so that the local availability of information modulates the effective inertial mass. Gauge and

Lorentz symmetries remain intact provided f(x*) transforms as a scalar.

3.7. Interpretation

Equations —@ constitute a self-consistent field theory in which both gravity and quantum
inertia emerge from a single finite—capacity constraint. As f — 0, the universe asymptotically

approaches its entropy limit, reproducing the terminal flattening of the Cyax load curve.

3.8. Discussion: Unification Through Finite Capacity

The modified action above provides a mathematical bridge between general relativity, quan-
tum mechanics, and cosmology. The scalar headroom field f(z#) acts as a single mediator of
informational capacity, coupling the curvature of spacetime, the inertia of matter, and the prob-
abilistic compression of quantum states. In regimes of abundant capacity (f~1), the classical
equations of Einstein and Dirac are recovered to high precision. As headroom diminishes, how-
ever, spacetime curvature, time dilation, and particle masses are all renormalized by the same
scalar factor, linking cosmic acceleration, gravitational saturation, and quantum indeterminacy

to a common cause: the finite informational bandwidth of the universe.



This unified formalism therefore replaces the notion of independent fundamental forces with
that of a single render—capacity field governing all interactions. The cosmic expansion history,
black—hole mass limits, and apparent dark—energy phenomena become emergent properties of
0, f, the rate of capacity depletion. In the limit f— 0, the universe approaches its terminal state
of maximal entropy—the Cmaz horizon—beyond which no further information can be encoded

or rendered.

3.9. Conclusion: Predictive Tests of the Cmax Framework

The formal derivation of the headroom field within the modified Einstein—Hilbert action provides
a rigorous foundation for the observational signatures identified throughout this series. The
same scalar function f(z) that rescales curvature and inertia also predicts measurable features

in the cosmic record:

1. Redshift Bottlenecks — entropy—capacity plateaus near z~10.5 and z~4.5 correspond
to the transition epochs where 0;f changes sign, matching observed slowdowns in star—

formation density.

2. Black—Hole Load Thresholds — the 0.67 saturation fraction, equivalent to one e—
folding of the headroom curve, manifests as the critical turnover in accretion efficiency for

supermassive black holes such as M87* and TON 618.

3. Lensing and Rotation Offsets — the metadata interpretation of dark matter arises
naturally from spatial gradients in f(r), producing apparent collisionless halos and time—

delay distortions without exotic matter components.

Each of these effects is empirically falsifiable and rooted in the same capacity—coupled field
equations derived above. The Cmax framework therefore unites the dynamical, quantum, and
cosmological domains within a single finite-information principle whose predictions can be di-

rectly tested against astrophysical data.



4. Figures and Data

e Figure 1: Cmaxload curve compared to observed cosmic star—formation density.
e Figure 2: Headroom—corrected Friedmann dynamics showing acceleration without A.
e Figure 3: Black-hole load saturation curves for M87*, TON 618, and Sgr A*.

e Figure 4: Metadata halo simulation compared with observed rotation curves.

5. Future Work

Ongoing work will extend the headroom field equations to higher—order perturbations and
explore their influence on baryon acoustic oscillations, cosmic microwave background lensing,

and black—hole entropy evolution. These extensions will connect Papers 5-8 into a unified

numerical framework suitable for direct comparison with JWST and EUcCLID datasets.

Appendix A: Mathematical Summary

This appendix compiles the principal relations defining the Cmax framework, providing a concise

reference for later derivations and observational applications.
A1l. Finite—Capacity Definition

9 ER S(at)
= —_— K g
Cmax = 3 950 @) Coons

f(@") =1 =n(a"), (9)

where Chhax is the maximum entropy bound of the system, 7 the fractional occupancy, and f

the available headroom field.

A2. Load Evolution (RC Analogy)

FO =7 QW) = Quax(1—e77) (10)

defining the characteristic time constant 7 for the exponential saturation of cosmic capacity.



A3. Modified Einstein—Hilbert Action

1
= H — —gd*
S e /f(x ) (R —2A)v/—g d*z + Smatter-

A4. Headroom—Coupled Field Equations

f Gw/ + (g;wlj - vuvu)f + Af Juv = 81 T/U/’

A5. Effective Gravitational Constant

A6. Friedmann Equation with Finite Capacity

A'7. Black—Hole Load Curve

M
Mmax

M(t) = MmaX<1 _ e*t/7> ,

A8. Quantum Coupling of Headroom Field
EDiraC = f&(i’}’uDu - ’m)w,

linking the informational field to local inertial mass.

A9. Headroom Relaxation Law

governing the temporal evolution of f(z#) toward saturation at f — 0.

10

~ 0.67 at one e—folding.

(11)

(12)

(13)

(14)

(15)

(16)



A10. Limiting Condition (Cosmic Saturation)

lim f(t) =0, S — Chax, Universe — equilibrium. (18)

t—o00

These relations together define the Cmax cosmological framework, linking the dynamics of

curvature, mass, and information through a single finite—capacity law.
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Appendix B: Symbol Glossary

Cmax

=

max

&

w

Q QO = =

Maximum information capacity of the universe or local

system

Current entropy or encoded information content
Fraction of total capacity occupied, 1 = S/Ciax
Headroom or remaining informational capacity, f =
I—n

Characteristic rendering or discharge time constant
Accumulated charge in the RC analogy

Time-dependent mass or load accumulation in a black

hole

Maximum attainable mass before local saturation
Energy contained within radius R

Effective system radius or cosmic scale parameter
Schwarzschild radius of a black hole

Newtonian gravitational constant

Effective gravitational constant modified by headroom
f

Hubble expansion rate

Cosmic scale factor

Spatial curvature constant (0,=+1)
Cosmological constant (vacuum energy term)
Energy or mass density

Ricci tensor and Ricci scalar curvature
Metric tensor of spacetime
Energy-momentum (stress—energy) tensor
D’Alembertian operator, = V#V,
Covariant derivative opemtolr2

Dirac spinor field

PAact vrvaca ~F a mardtala

bits

bits
dimensionless

dimensionless

C (coulombs)

kg

m?3 kg~! s

dimensionless

dimensionless



This glossary standardizes notation across the entire Cmax series. All equations and figures

throughout the eight papers employ these symbols consistently unless otherwise noted.

Acknowledgments

The author gratefully acknowledges the countless researchers, engineers, and explorers whose
open data and persistence made this work possible. Special appreciation is extended to the
communities supporting the JWST, EuCLID, and PLANCK missions, whose measurements

form the empirical scaffolding of the Cmax model.

The theoretical development benefited from the foundational ideas of Bekenstein, Hawking,
and Shannon, whose concepts of entropy and information underpin this entire framework. The
author also thanks independent reviewers, early readers, and the Northgate Books editorial

circle for their insight, criticism, and encouragement.

R. M. Gaver
Northgate Books, 2025

13



References

14



	Introduction
	Finite–Capacity Principle
	Formal Derivation from the Einstein–Hilbert Action
	Modified Action
	Variation and Field Equations
	Evolution of the Headroom Field
	Cosmological Solution
	Black–Hole Limit
	Quantum Coupling
	Interpretation
	Discussion: Unification Through Finite Capacity
	Conclusion: Predictive Tests of the Cmax Framework

	Figures and Data
	Future Work

