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Abstract

This paper proposes a novel theoretical and empirical foundation for the emergence
of time based on a simple yet powerful mathematical relationship: t = d√

E
. The

hypothesis suggests that time arises as a measurable effect from the mobilization of
energy across a spatial distance. This formulation has been tested across a wide range of
physical systems, from photons and atoms to macroscopic bodies and planetary motion.
The results demonstrate remarkable consistency, suggesting this relation may represent
a fundamental axiom in the understanding of time. Furthermore, the behavior of this
formula near gravitational singularities aligns with known characteristics of black holes,
where time tends toward zero as energy density increases.

1 Introduction

The nature of time remains one of the most profound open questions in theoretical physics.
While General Relativity treats time as a coordinate embedded within a curved spacetime
manifold, and quantum mechanics treats it as an external parameter, neither provides a
conclusive explanation of what time is or why it flows.

We propose here a minimalist and falsifiable postulate: that time emerges as a relational
consequence of energy and space. Specifically, we hypothesize that the time required to
traverse a given distance is inversely proportional to the square root of the energy involved:

t = η · d√
E

where d is the spatial distance, E is the energy available or mobilized to traverse this
distance, and η is a dimensional scaling constant. This formulation simplifies traditional
kinetic relations by removing explicit mass dependence, thus exposing a deeper structure
underlying temporal emergence.

2 Theoretical Foundations

The concept is rooted in the classical relation:
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By abstracting mass m as context-dependent and folding constants into η, we arrive at
a more general, dimensionally coherent expression of temporal duration dependent solely on
energy and space. This resonates with the concept that time is not absolute but relational,
echoing works by Rovelli (2021), Smolin (2013), and the Page-Wootters mechanism (1983).

Moreover, our approach aligns with philosophical insights from Leibniz and Mach, who
saw time as a measure of change, not an entity in itself.

3 Methodology

We applied this formula to a broad set of physical systems. For each object or particle:

• Energy E was computed using classical kinetic or quantum relations.

• A fixed distance d = 1 meter was used.

• The vibratory time t = d√
E
was calculated.

• The reverse check t ·
√
E ≈ d was used to confirm internal coherence.

Systems tested included:

• Photons (via Planck-Einstein relation E = hν)

• Humans walking

• Vehicles, trains, aircraft

• Subatomic particles (protons, neutrons, electrons)

• Atoms at thermal equilibrium

• The Earth orbiting the Sun

4 Results

All systems demonstrated that:

t ·
√
E ≈ 1 (meter)
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System Energy (J) t (s) t * sqrt(E)

Photon (500nm) ∼ 4.0× 10−19 ∼ 1.58× 1011 ∼ 1.00
Walking human (70kg) ∼ 79 ∼ 0.11 ∼ 1.00
Atom (Oxygen, 300K) ∼ 6.2× 10−21 ∼ 1.27× 1010 ∼ 1.00
Proton (300K) ∼ 6.2× 10−21 ∼ 1.27× 1010 ∼ 1.00
Earth (orbital) ∼ 2.64× 1033 ∼ 1.94× 10−17 ∼ 1.00

Table 1: Validation of the vibratory time formula across physical systems

5 Discussion

The consistency of this result implies that time may indeed emerge from the interplay be-
tween energy and spatial structure. This offers a new lens to interpret relativistic time
dilation (as increasing energy reduces perceived time) and cosmological motion (galaxies
must move for time to persist).

Additionally, this formula provides a compelling parallel with the nature of black holes.
Near a gravitational singularity, energy density approaches infinity. According to the pro-
posed relationship, this leads to t → 0, which is coherent with the relativistic prediction that
time effectively halts at the event horizon. This coherence with black hole physics suggests
that the vibratory time law may be a universal descriptor of temporal behavior even in
extreme gravitational conditions.

6 Conclusion

We have shown that a simple expression t = d√
E

matches empirical reality across vastly
different scales. It may represent a candidate for an axiomatic law governing the emergence
of time. This warrants deeper theoretical and experimental investigation.

Future work will aim to derive this law from deeper principles in quantum gravity or
information theory, and to investigate its implications for entropy, time symmetry, and black
hole horizons.
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