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Abstract

This paper derives a modification to Einstein’s field equations, intro-
ducing a repulsive force Frep = kMMu, where k = 8.1879×10−62 kg−1 s−2,
M is a region’s mass, and Mu = 1.6360 × 1054 kg is the universe’s mass.
The force ensures matter reaches the edge, Ru = 2.8555×1025 m, in 19.555
billion years. The ratio k/katt equals the inverse proton-to-neutron mass
ratio, and GROK3 significantly aided the derivation.

1 Introduction

Einstein’s field equations describe gravity via spacetime curvature:

Gµν =
8πG

c4
Tµν

We modify these to include a repulsive force, ensuring matter travels from the
center to the edge of the universe in 19.555 billion years, with all parameters
explicitly defined.

1.1 Definitions

Key terms with units (five-digit precision):

• Gµν : Einstein tensor, curvature of spacetime, units: m−2.

• Tµν : Stress-energy tensor, energy-momentum distribution, units: kgm−1 s−2.

• gµν : Metric tensor, spacetime geometry, dimensionless.

• Mu: Universe mass, 1.6360× 1054 kg.

• Ru: Universe radius, 2.8555 × 1025 m (approximately 3.0180 × 10 light
years).
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• t: Transit time, 6.1710× 1017 s (19.555 billion years).

• k: Repulsive force constant, 8.1879× 10−62 kg−1 s−2.

• M : Region mass, e.g., 5.0000× 1046 kg.

• ϕ: Scalar field, ϕ = −(1.3395× 10−7 s−2)r, units: m s−2.

• Frep: Repulsive force, Frep = kMMu, units: N (Newtons).

• G: Gravitational constant, 6.6744× 10−11 m3 kg−1 s−2.

• c: Speed of light, 2.9979× 108 ms−1.

• katt: Attractive force constant, 8.1766× 10−62 kg−1 s−2.

2 Modified Field Equations

The modified equations are:

Gµν =
8πG

c4
Tmatter
µν +

8πG

c4
Tϕ
µν

where:

Tϕ
µν = (1.3395× 10−7 s−2)∂µr∂νr −

1

2
gµν(1.7942× 10−14 s−4)

is the stress-energy tensor of the scalar field ϕ.

3 Derivation

3.1 Parameter Use

• Ru = 2.8555× 1025 m: Defines the universe’s edge.

• t = 6.1710× 1017 s: Sets the transit time to 19.555 billion years.

• Mu = 1.6360× 1054 kg: Total mass with ρ(r) ∝ 1/r.

• G and c: Fundamental constants for gravity and relativity.

• k: Adjusted so k/katt = 1.00138, the inverse proton-to-neutron mass ratio.

• katt: Derived from gravitational force, balancing k.
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3.2 Calculation

Net acceleration:

anet =
2Ru

t2
=

2 · 2.8555× 1025

(6.1710× 1017)2
=

5.7110× 1025

3.8081× 1035
≈ 1.5000× 10−10 m/s

2

Gravitational force:

A =
Mu

2πR2
u

=
1.6360× 1054

6.2832 · 8.1542× 1050
≈ 3.1918× 102 kgm−2

Menclosed(r) = 2πAr2 = 2.0048× 103r2 kg

Fg = GM(2.0048× 103) = 1.3380× 10−7 M N

katt =
1.3380× 10−7

1.6360× 1054
≈ 8.1766× 10−62 kg−1 s−2

Ratio (inverse proton-to-neutron mass):

mp

mn
=

1.6726

1.6749
≈ 0.99862,

k

katt
=

1

0.99862
≈ 1.00138

k = 1.00138 · 8.1766× 10−62 ≈ 8.1879× 10−62 kg−1 s−2

arep = kMu = 1.3395× 10−7 m/s
2

anet = 1.3395× 10−7 − 1.3380× 10−7 = 1.5000× 10−10 m/s
2

Scalar field:
ϕ = −kMur = −(1.3395× 10−7)r

∂rϕ = −1.3395× 10−7 s−2

Tϕ
µν = (∂rϕ)∂µr∂νr −

1

2
gµν(∂rϕ)

2

Tϕ
µν = (1.3395× 10−7)∂µr∂νr −

1

2
gµν(1.7942× 10−14)

8πG

c4
= 2.0767× 10−43 kg−1 m−1 s2

4 Discussion

The parameters ensure a 19.555 billion year transit, with k/katt reflecting a
fundamental mass ratio, akin to scalar field modifications in (author?) (2).

5 Conclusion

This work modifies general relativity with a repulsive force, fully defined pa-
rameters, and a derivation aided by GROK3, achieving the specified transit
time.
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