
How Gravity Can Be a Result of Time

Dilation

A Theoretical Framework Based on Relativistic Spacetime

Geometry

Thurston Matthews
Department of Physics, Independent Researcher

July 6, 2026

Summary

We present a theoretical investigation into the nature of gravitation as fundamentally

arising from spacetime curvature manifested through gravitational time dilation.

Contrary to traditional interpretations that treat gravity and time dilation as distinct

phenomena where one is merely an effect of the other, this work proposes a unified

framework wherein temporal gradients themselves constitute the geometric foundation of

gravitational interaction. By analyzing the manifold structure of Schwarzschild spacetime

and its implications for geodesic motion, we demonstrate that what we perceive as

gravitational force emerges from differential aging rates along spatial trajectories. This

perspective reframes Einstein’s field equations in terms of clock synchronization problems

across extended regions of spacetime, offering novel insights into quantum gravity probes

and the equivalence principle’s manifestations.
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the research dissemination process while maintaining rigorous scientific standards. All

conceptual developments remain original contributions to theoretical physics.

1 Introduction

The question of whether gravitational effects can be understood as manifestations of time

dilation occupies a central position in relativistic physics. Since Einstein’s formulation

of general relativity, the relationship between spacetime geometry and gravitational

phenomena has been the subject of extensive investigation. While the equivalence principle

establishes that gravitational acceleration is locally indistinguishable from accelerated

reference frames, the deeper question remains whether time itself, rather than space or

any other entity, serves as the fundamental substrate from which gravity emerges.

Historically, Newton’s law of universal gravitation treated gravity as an instantaneous

force acting at a distance. Einstein’s insight transformed this into curvature of spacetime

itself, but left open interpretational questions about what aspect of this geometry is

primary. The equivalence between gravitational and inertial mass suggested that free

fall represents motion along geodesics in curved spacetime, yet the precise mechanism by

which this geometric property manifests as force at a distance remained opaque.

In this work, we investigate whether the temporal components of the metric tensor

can be interpreted not merely as part of the overall spacetime curvature, but as the

fundamental dynamical variable from which gravitational effects arise. Specifically, we

examine if spatial variations in proper time rates—such as those measured by clocks at

different potentials—constitute a complete description of what we observe as gravity.

The structure of this paper proceeds as follows: Section 2 develops the theoretical

framework relating time dilation to metric coefficients; Section 3 analyzes the Schwarzschild

solution in detail; Section 4 derives particle trajectories from temporal gradients; Section 5

considers implications for quantum gravity and modified theories; and Section 6 synthesizes

our findings.
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2 Theoretical Framework

2.1 Metric Tensor Decomposition

The spacetime interval in general relativity is governed by the line element:

ds2 = gµνdx
µdxν (1)

where gµν represents the metric tensor. In any local inertial frame, the metric can be

diagonalized such that temporal and spatial components separate:

ds2 = −c2dτ 2 + dl2 (2)

= gtt(x)c
2dt2 + gij(x)dx

idxj (3)

where dτ denotes proper time, and we have emphasized the coordinate dependence of

metric components. The crucial observation is that the temporal component gtt directly

determines the rate at which physical clocks advance relative to coordinate time:

dτ =
√
−gtt(x) dt (4)

For static spacetimes, gtt becomes a function of spatial position alone, encoding

gravitational potential information.

2.2 Clock Synchronization and Geodesic Deviation

Consider two observers separated by infinitesimal distance ∆x in the presence of a

gravitational field. The difference in their proper time rates is:

∆(dτ) =

(
1− 1

2
∂igtt|∆x

)
dt+O(∆x2) (5)

This temporal gradient generates a synchronization problem that can be expressed

equivalently in terms of force. The key insight is to recognize that geodesic deviation—the

relative acceleration between neighboring free-falling particles—can be derived entirely

from examining how gtt changes spatially.
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The tidal force equation relates spatial gradients of the metric to observed accelerations:

D2ξα

dτ 2
= −Rα

βγδu
βuγξδ (6)

= −∂γΓ
α
βδu

βuδ + · · · (7)

where ξα represents the separation vector between geodesics, R is the Riemann

curvature tensor, and uµ is the four-velocity. For weak fields, this reduces to Newton’s

law via the identification:

Γi
00 ≈

1

2
∂igtt = − 1

c2
∂iΦ (8)

where Φ is the Newtonian gravitational potential.

3 The Schwarzschild Solution

3.1 Metric Structure and Time Dilation

The exterior solution to Einstein’s field equations for a spherically symmetric mass M

yields the famous Schwarzschild metric:

ds2 = −
(
1− 2GM

c2r

)
c2dt2 +

(
1− 2GM

c2r

)−1

dr2 + r2dΩ2 (9)

The temporal component explicitly shows gravitational time dilation relative to a

distant observer:

gtt(r) = −
(
1− 2GM

c2r

)
, rs ≡

2GM

c2
(10)

where rs is the Schwarzschild radius. Clocks closer to the mass run slower:

dτ = dt

√
1− rs

r
(11)

dτ

dt
=

√
1− rs

r
(12)
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This relationship directly connects the geometric property of spacetime curvature to

measurable temporal effects.

3.2 Critical Analysis of grr Component

While much attention focuses on spatial components like grr, we argue that the purely

temporal nature of gravitational time dilation suggests that all observable gravitational

effects reduce to gradients in gtt. Consider an observer at fixed coordinate position

measuring another:

∆(dτ) = dτ1 − dτ2 (13)

= dt
[√

gtt(r1)−
√

gtt(r2)
]

(14)

For small separations ∆r = |r1 − r2|, we expand to first order:

∆(dτ) ≈ −dt

2

∂gtt
∂r

∆r +O

(
GM

c2r3
(∆r)2

)
(15)

The gradient ∂rgtt directly yields the Newtonian gravitational field strength:

∂gtt
∂r

= −rs
r2

= −2GM

c2r2
(16)

gNewton = −∇Φ = c2∂r
√
−gtt ≈

GM

r2
(17)

4 Geodesic Motion from Temporal Gradients

4.1 Four-Velocity and Proper Time Optimization

Particle trajectories in spacetime extremize the proper time functional. For massive

particles, worldlines satisfy:

δ

∫
dτ = 0 =⇒ d2xµ

dτ 2
+ Γµ

αβ

dxα

dτ

dxβ

dτ
= 0 (18)

The connection coefficients Γµ
αβ contain all information about spacetime curvature.

For the Schwarzschild metric, focusing on the temporal components:
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Γr
tt = −1

2
grr∂rgtt =

GM

r2

(
1− rs

r

)−1

(19)

Γt
tr =

1

2
gtt∂rgtt = −GM

c2r2

(
1− rs

r

)−1

(20)

Equation (19) shows that radial acceleration for a particle at rest emerges directly

from the radial gradient of gtt.

4.2 Equivalence Principle Reinterpretation

The equivalence principle states that locally, gravitational effects are indistinguishable

from accelerated reference frames. Our formulation recasts this as: in any local region,

temporal gradients can be eliminated by choosing appropriate coordinates—there exists a

frame where ∂igtt = 0 at a point.

However, over extended regions, the non-uniformity of time dilation creates what

we perceive as tidal forces. The fundamental quantity becomes not the curvature itself,

but the observer-dependent measure of how clocks at different locations disagree about

simultaneity.

4.3 Energy Conservation from Time Translation Symmetry

When gtt is independent of t, Noether’s theorem guarantees energy conservation along

geodesics. The conserved energy per unit mass for a particle in Schwarzschild spacetime

is:

E = −gtt(r)c
2 dt

dτ
= c2

(
1− rs

r

) dt

dτ
(21)

This demonstrates that energy conservation itself arises from temporal homogeneity

encoded in gtt, further supporting our thesis.
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5 Discussion and Implications

5.1 Relation to Other Approaches

Several authors have explored similar perspectives including work by Pirani (1956), Will

(1993), Cahill & Filkus (2007), and Unruh & Wald (1986). The key distinction of our

approach lies in treating time dilation gradients as ontologically primary rather than

epiphenomenal. This shift has ramifications for interpreting the metric not as describing

geometry but as cataloging temporal inconsistencies across space.

5.2 Quantum Gravity Considerations

In quantum field theory on curved spacetime, particle creation by black holes relates

to horizon proper time divergence (Hawking, 1975). Our interpretation suggests such

phenomena arise from extreme spatiotemporal misynchronization rather than topology

change. Furthermore, if gravity originates purely from temporal structure, then quantum

fluctuations in gtt could induce effective gravitational interactions without requiring spin-2

fields.

5.3 Limitations and Alternative Interpretations

While compelling, our interpretation faces challenges. The spatial components gij re-

main necessary for describing free-fall motion in curved spaces like spherical surfaces

or cosmological models. Pure time-dilation approaches struggle with rotation effects

(frame-dragging) or non-diagonal metrics where temporal-spatial mixing occurs.

6 Conclusion

We have demonstrated that gravitational effects can be understood as arising from spatial

variations in the time dilation factor gtt encoded within general relativistic metrics. Key

findings include:

1. The temporal component of the metric tensor directly determines proper time rates

at different spacetime points.
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2. Spatial gradients ∂igtt yield gravitational acceleration through geodesic equation

connections.

3. Schwarzschild solution exemplifies how mass-energy curves only gtt, creating observ-

able time dilation differences that manifest as force.

4. Energy conservation stems from temporal homogeneity of gtt, reinforcing its funda-

mental role.

This reinterpretation does not alter mathematical predictions but offers conceptual

clarity: gravity is fundamentally about disagreement between clocks separated in space,

with curvature language capturing synchronization problems rather than intrinsic spatial

bending.

Future work should explore extension to rotating systems (Kerr metric), cosmolog-

ical spacetimes, and quantum corrections. Experimental tests could involve precision

comparisons of frequency standards at different gravitational potentials (Ashby, 2003).
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