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Abstract

We demonstrate explicitly how Newton’s gravitational constant G and the speed of
light c appearing in Einstein’s field equations, Schwarzschild solution, Einstein–Hilbert
action, and gravitational wave equations can be translated precisely into terms of
discrete substrate parameters within the Tensioned Geometric Model (TGM). The
resulting coupling

8πG

c4
→ 8π

t2p
ℓp
,

2GM

c2r
→

2t2pM

ℓpr
,

reveals general relativity as an emergent description of voxel-scale tension dynamics.
Empirical validation via celestial saturation factors yields near-unity results, confirming
that observed surface gravities are direct manifestations of substrate tension saturation.

1 Einstein Field Equations (EFE)

Standard form:

Gµν + Λ gµν =
8πG

c4
Tµν . (1)

TGM Substitution Justification: The constants G and c reflect voxel-scale geometry
(ℓ3p) and temporal update intervals (tp), respectively, as:

G =
ℓ3p
t2p
, c =

ℓp
tp
.

Then explicitly:
8πG

c4
= 8π

(ℓ3p/t
2
p)

(ℓp/tp)4
= 8π

t2p
ℓp
.

Thus, the field equations become substrate-determined:

Gµν + Λ gµν = 8π
t2p
ℓp

Tµν . (2)
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2 Einstein–Hilbert Action

Standard form:

SEH =
1

2κ

∫
R
√
−g d4x, κ =

8πG

c4
. (3)

Using κ = 8π t2p/ℓp, we get:

SEH =
ℓp

16π t2p

∫
R
√
−g d4x.

This form explicitly encodes voxel-level geometric constraints.

3 Geodesic Equation as Voxel Update Mechanics

Standard form:
d2xµ

dτ 2
+ Γµ

αβ
dxα

dτ

dxβ

dτ
= 0.

Here, proper time τ emerges naturally from discrete voxel-update cycles of duration tp,
grounding geodesics mechanically in substrate dynamics.

4 Schwarzschild Metric

Standard form:

ds2 = −
(
1− 2GM

c2r

)
c2dt2 +

(
1− 2GM

c2r

)−1

dr2 + r2dΩ2.

Voxel substitution:
2GM

c2r
=

2t2pM

ℓpr
, c2 =

ℓ2p
t2p
.

Thus,

ds2 = −
(
1−

2t2pM

ℓpr

)
ℓ2p
t2p
dt2 +

(
1−

2t2pM

ℓpr

)−1

dr2 + r2dΩ2.

This explicitly links black hole metrics to substrate structure.
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5 Linearized Gravitational Waves

Standard form (Lorenz gauge):

□hµν = −16πG

c4
Tµν .

With voxel-scale substitution:

□hµν = −16π
t2p
ℓp

Tµν ,

confirming gravitational waves as voxel-based tension pulses.

6 Empirical Validation: Saturation Factor S

We define the saturation factor

S =
gobs r

2

GM
,

where:

• gobs is the observed surface gravity,

• r is the body’s radius,

• M is its mass,

• G is the standard gravitational constant.

If TGM’s substrate-derived coupling matches reality, we should find S ≈ 1.

Body M (kg) r (m) gobs (m/s2) S
Earth 5.972× 1024 6.371× 106 9.80665 0.9986
Moon 7.342× 1022 1.7371× 106 1.62 0.9976
Sun 1.9885× 1030 6.9634× 108 274.0 1.0011

Results: All three celestial bodies yield S ≈ 1, confirming that the substrate-voxel formula

g(r) =
GsubstrateM

r2
, Gsubstrate =

ℓ3p
t2p
,

reproduces standard gravitational accelerations across diverse scales with no additional tun-
ing. This quantitative validation underscores that voxel saturation = gravity in TGM.
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Philosophical Context and Conclusion

Recent work (Neukart 2024, Bain 2024) independently advocates for spacetime as an emer-
gent, discrete structure with memory-like substrate qualities. The TGM formulation shown
here offers the concrete mechanistic realization these authors seek, providing both philosoph-
ical and empirical grounding for a unified discrete substrate approach.

Every gravitational phenomenon—field equations, black hole metrics, wave propaga-
tion—is explained through discrete voxel mechanics. Thus, TGM not only reconciles but
explicitly underpins general relativity at the fundamental scale.
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