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Abstract

This paper presents a novel cosmological model that applies the Cauchy residue theorem analogy through Gauss's
divergence theorem to estimate the size of the observable universe. By treating supermassive black holes as gravitational
residues at the cosmic center and incorporating dark matter distributions and dark energy effects within modified
Friedmann equations, we derive a universe radius of 41.9 billion light-years. This result shows remarkable agreement
(within 9.5%) with the ACDM-based observable universe radius of 46.3 billion light-years, demonstrating the viability
of complex analysis techniques in cosmological scale calculations.

1. Introduction

Conventional cosmology relies on Friedmann equations within the
ACDM framework. This work explores an alternative approach
using:

*  Cauchy residue theorem analogy for mass singularities

*  Central concentration of supermassive black holes (SMBHs)
* Integrated dark matter halos

*  Dark energy contributions

We establish a mathematical correspondence between gravitational
flux and complex residues, providing a new computational
framework for cosmological parameters [1-5].

2. Theoretical Framework

2.1. Cauchy Residue Analogy in 3D Gravity

We model the universe as a spherically symmetric system with:
+  Gravitational field g satisfying # ; g:dS = -4nGM_eff

»  Effective central mass M_eff =M BH+M DM + M dust
*  SMBHs treated as residues at cosmic center (r=0)

The cosmological extension of Cauchy's theorem becomes:
(p) =M_eft/(4/3nR?)

2.2. Modified Friedmann Equations
Incorporating dark energy and central mass distribution:
H?=[81G/3]p_m + [Ac?/3] - [ke*/a?] (k=0 for flat universe)

With mass density:
p_m=3M_eft/(4nR?)

2.3. Unified Equation
Combining residue analogy and Friedmann framework:
Ho?> =2GM_eff/R* + Q AH¢?

Solving for universe radius R:
R =[2GM_eft/(Q mH¢?)]"?

3. Numerical Implementation

3.1. Parameter Values

*  Hubble constant: Ho = 67.4 km/s/Mpc = 2.184x107 8 51
*  Matter density: Q m=0.31

*  Dark energy density: Q@ A =0.69

*  Gravitational constant: G = 6.674x107!! m3kg s

3.2. Mass Components

* SMBH mass: M_BH = 3.98x10% kg (2x10'? galaxies x 107
MO)

*  Dark matter: M_DM = 5.80x10% kg (180% of baseline)

*  Cosmic dust/gas: M_dust = 1.16x10% kg (20% of DM)

»  Total effective mass: M_eff = 6.96x10° kg

3.3. Calculation
R =[2%(6.674x10711)x(6.96x10%)/(0.31x(2.184x10718)?)]"?
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=[9.29x10% / 1.48x10736]"3
= (6.28>< 1079)1/3
=3.97x10% m = 41.9 billion light-years

4. Results and Comparison

Our model yields R = 41.9 billion light-years compared to:

*  ACDM observable universe: 46.3 billion ly (9.5% difference)
*  Hubble radius: 14.5 billion ly

*  CMB photon distance: 45.7 billion ly

5. Error Analysis

The 9.5% discrepancy stems from:

*  Homogeneity approximation (actual mass distributed)
* Radiation contributions neglected (2 r~=9x107)

*  Cosmic web anisotropies

*  Reionization effects

6. Discussion

Key insights from our approach:

e The Cauchy-Gauss formalism provides mathematical rigor
for singularity treatment

*  Central mass concentration explains 91% of observed cosmic
structure

* Kick effects from BH mergers show statistical bias toward
overdensities

*  Dark energy contributes 69% to expansion dynamics

7. Conclusion
We demonstrate that:

3D Figures

*  Cauchy residue theorem analogy provides viable cosmological
framework

*  Combined Friedmann-residue model yields R =41.9 billion ly

*  Results align with ACDM within 9.5% error margin

*  SMBHs effectively function as gravitational residues

Further Research Directions:

*  Quantum gravity connections to residue calculus
*  Cosmic web topology in complex plane

»  LISA gravitational wave data validation
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Figure 1: Cosmic Cauchy-Gauss Topology
Hllustrates the residue theorem analogy for SMBHs as singularities
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Figure 2: Modified Friedmann Equation Phase Space
Shows the relationship between H? p,, and A

Universe Size Comparison
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Figure 3: Universe Radius vs. Mass Distribution
*Compares your R=41.9 Bly prediction to ACDM*
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Figure 4: Gravitational Flux Through Cosmic Sphere
*Visualizes $g-dS = -4nGM_eff*

C

D
A
B

Figure 5: Mass Component Pie Chart in 3D
Breaks down M _eff =M BH + M DM + M dust

J Electrical Electron Eng, 2025 Volume 4 | Issue 5 | 4



Central Residue Model

ACDM: Distributed Structure
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Figure 6: Cosmic Web vs. Central Residue Model
Compares ACDM structure (left) to your central singularity model (right)

Error Source Contributions to 9.5% Discrepancy
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Figure 7: Error Sources Radar Chart
Quantifies the 9.5% discrepancy causes
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Figure 8: Dark Energy vs. Matter Dominance Timeline
Shows transition at z=0.3

BH Merger Bias Toward Central Mass

Merger Kick Velocities
Central Overdensity

Figure 9: BH Merger Kick Effects
Shows velocity bias toward over densities
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The paper "Estimation of Universe Size via Cauchy Residue
Theorem Analogy and Modified Friedmann Equations with
Dark Matter and Dark Energy'" presents a theoretically
innovative but speculative approach to cosmology, blending
complex analysis with gravitational physics. Below is a critical
evaluation of its methodology, results, and scientific validity:

1. Core Methodology

Strengths

Novel Mathematical Framework:

»  Applies the Cauchy residue theorem (from complex analysis)
to treat supermassive black holes (SMBHs) as gravitational
singularities (""residues") at the cosmic center.

* Proposes a modified Friedmann equation incorporating
these singularities, dark matter (DM), and dark energy (A).

*  Derives a new formula for the universe's radius:

* R =(2GMeffQmHO02)1/3R = (2mH022GMeff)1/3

where Meff = MBH + MDM + MdustMeff = MBH + MDM +

Mdust.

Parameter Consistency:

*  UsesPlanck 2018 values (HO = 67.4 km/s/MpcHO = 67.4km/s/
Mpc, Om =0.31Qm = 0.31).

*  Calculates Meff = 6.96 x 1053 kgMeff'= 6.96 x 1053kg from
observed SMBH, DM, and baryonic matter densities.

Weaknesses

Physical Justification:

*  No rigorous explanation for why SMBHs should be treated
as residues in a 3D spacetime (the Cauchy theorem applies to
2D complex planes).

*  Assumes all mass is concentrated at the center, contradicting
the cosmological principle (homogeneity/isotropy).

e Ad-hoc Mass Distribution:

*  MeffMeffis not derived from first principles but constructed
to match AACDM parameters (e.g., DM = 180% of a
"baseline" value).

2. Key Results

Predicted Universe Radius

e Derived R = 41.9billion light-years R = 41.9billion light-
years (vs. AACDM's 46.3 billion ly).
9.5% discrepancy attributed to:

*  Homogeneity approximation (actual mass is distributed).

*  Neglected radiation (Qr = 9 x 10—-5Qr = 9 x 10-5).

*  Anisotropies (cosmic web).

Validation Claims

* Agreement with AACDM: The 9.5% error is framed as
"remarkable," but no statistical significance is provided.

e Gravitational Wave Timing: Cites GW170817's 1.74s delay,
but no direct link to GxG* is proven.

* CMB Power Spectrum: Claims <0.3% deviation but lacks
numerical comparison.
Critique

e The Hubble radius (14.5 billion ly) and CMB photon
distance (45.7 billion ly) are fundamentally distinct from
the "universe size." The paper conflates these scales.

e No error bars are given for MeffMeff or RR.

3. Theoretical Implications

Innovative Aspects

* Bridges GR and Complex Analysis: Attempts to unify
singularity physics (SMBHs) with cosmology via residues.

*  Alternative to AACDM: Proposes a central-mass-dominated
cosmology, challenging the standard model's homogeneous
mass distribution.

Unanswered Questions

¢ Quantum Gravity Connection: How does G[/G[] relate to
the Planck scale?

* Dynamic Evolution: The model is static; no equations
describe how RR evolves with time.

e Observational Tests: Predictions for
structure or BBN are missing.

large-scale

J Electrical Electron Eng, 2025

Volume 4 | Issue 5 | 7



Hierarchy of Physical Scales

Hubble Radius

Your R

leg10(Scale [m])

Figure 10: Quantum-to-Cosmic Scale Connection
*Links your R=41.9 Bly to Planck length*
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