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Abstract

In the Time Field Model (TFM), time is a two-component scalar field whose wave-like
excitations generate energy as an emergent phenomenon. This paper formalizes the Law of
Energy in TFM, demonstrating that:

1. Kinetic energy is fundamental, arising from time-wave amplitude and frequency;

2. The universe’s net energy is zero, maintained through T+/T− destructive interference;

3. Entropy grows unboundedly due to wave reconfigurations, enabling extremely prolonged
cosmic evolution.

Crucially, the arrow of time emerges only after the macro–Big Bang breaks preexisting field
equilibrium, introducing irreversible dissipation and a non-zero entropy gradient.

We derive:

• A rigorous E = mc2 from time-wave compression,

• How local energy transformations preserve the global zero-energy balance,

• Observational benchmarks (gravitational waves, dark energy w(z), CMB non-Gaussianity),

• Extended TFM thermodynamics (absolute zero, temperature, third law).

These results strengthen TFM’s predictive power across quantum, gravitational, and cosmolog-
ical domains.

1 Introduction

1.1 Background and Motivation

From classical mechanics to quantum field theory, energy is treated as a conserved quantity with
local conservation laws. In TFM (Papers #1–4), time is not just a coordinate but a two-component
wave field, whose excitations produce what we identify as “energy.”

Earlier TFM papers proposed expansions (micro–Bang or macro–Bang) driven by threshold
coherence in this time field. Here, we unify these expansions under a single emergent Law of
Energy :

• Kinetic (motion) energy is fundamental, while potential, thermal, and electromagnetic ener-
gies are wave-interaction states;

• The universe’s net energy is zero, so only transformations matter;
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• Entropy grows as wave excitations spread, prolonging cosmic evolution.

Additionally, we clarify how the macro–Big Bang imposes an irreversible field reconfiguration,
explaining the arrow of time.

1.2 Connection to TFM’s Wave Equations

In TFM, time waves obey a generalized wave (Klein–Gordon-like) PDE with couplings α1,β, βS .
Local energy arises from wave amplitude/frequency, while a global zero-energy condition follows
from T+/T− destructive interference. A coupling βS (Paper #1 eq. (2.17), Paper #4 eq. (3.8)) can
drive decoherence, linking quantum coherence to classical irreversibility. This paper closes a key
gap in how TFM expansions unify with conservation laws and time’s arrow.

2 Core Principles of TFM Energy

2.1 Kinetic Energy as Fundamental

While classical physics enumerates potential, thermal, and other energies, TFM asserts that only
motion (kinetic) energy is truly fundamental. A particle’s kinetic energy corresponds to local wave
amplitude/frequency, and rest mass E = mc2 is a specialized compression of the time field.

2.2 Zero-Energy Universe Hypothesis

TFM posits that positive contributions (matter, radiation) and negative contributions (wave inter-
ference akin to gravitational potential) sum to zero. Local transformations reorder wave excitations
without changing the net total.

2.3 Entropy Growth and Universe Longevity

Energy transformations (micro–Bang surges, expansions) increase wave complexity (entropy). Micro–
Bang events re-energize local volumes, sustaining the universe for immense timescales.

2.4 Arrow of Time and Energy Dissipation

An essential corollary of TFM’s Law of Energy is that irreversible transformations define the
arrow of time. The macro–Big Bang introduced large-scale asymmetry in (T+, T−), leading to
irreversibility. Quantum systems may stay near-equilibrium (timeless) if βS ≈ 0, but large scales
experience a robust arrow of time.

3 Mathematical Formulation

3.1 TFM Wave Equation

Let T (x, t) be the time field in (3 + 1)-D spacetime. A simplified PDE:

□T +
∂V

∂T
+

∂Lint

∂T
= 0, (3.1)

where:

• □ = gµν∇µ∇ν is the covariant d’Alembertian (Paper #4 for discrete-lattice),
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• V (T ) is a potential (Paper #3),

• Lint includes couplings (α1, β, βS).

3.2 Defining Time Wave Frequency and Energy Density

3.2.1 Local Wave Frequency

ωT (x, t) =

∣∣∣∣∂T∂t
∣∣∣∣ . (3.2)

In curved geometry, one might define ∥∇µT∥ locally.

3.2.2 Time Wave Energy Density ρT

ρT (x, t) = κ
[
(∂tT )

2 + (∇T )2 + U(T )
]
. (3.3)

Parameter Clarification:

• κ can be derived via Planck-scale constraints (Paper #4 eq. (5.6)–(5.9)) or fitted via HPC
simulations;

• α1, β, βS are partially observationally constrained by e.g. dark energy density, decoherence
scales, gravitational couplings.

Negative contributions can appear from T+ − T− interference.

3.3 Integrated Energy and Zero-Sum Condition

3.3.1 Global Energy Integral

Etotal(t) =

∫
Σt

ρT (x, t)ωT (x, t) d
3x. (3.4)

Negative Wave Geometry Terms.

Negative terms = −α1

∫
Σt

(∂µT
+ ∂µT−)ωT d3x. (3.5)

3.3.2 Zero-Energy Hypothesis

Etotal(t) =

∫
ρT ωT d3x− α1

∫
(∂µT

+ ∂µT−)ωT d3x = 0. (3.6)

Local expansions reorder wave excitations, but net remains zero.

3.3.3 Curved Spacetime Example

In FRW geometry, one integrates ∫
ρT a3 d3x ≈ 0.

Renormalizing uniform backgrounds ensures only excess wave excitations remain (Paper #4 eq. (6.4)).
Phase coherence at super-horizon scales keeps net energy near zero.
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4 Kinetic Energy as Primary Form

4.1 Classical Kinetic Energy from TFM

Classically,
Ek = 1

2 mv2. (4.1)

TFM suggests v2 ∼ (T f)2, giving
Ek = 1

2 m (T f)2. (4.2)
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Figure 1: Figure 1: Linking wave amplitude T and frequency f to the classical Ek = 1
2mv2. A

higher amplitude or frequency modifies mass/velocity in the classical regime.

5 Rigorous Derivation of E = mc2 from Time-Wave Compression

Step 1: Static, Coherent Region

From eq. (3.3):
ρT = κ

[
(∂tT )

2 + (∇T )2 + U(T )
]
.

For a static region (∇T ≈ 0, U(T ) → 0):

ρT ≈ κ (∂tT )
2.

Let ∂tT = ω T . Then
ρT = κω2 T 2.

Step 2: Integrate Over Particle Volume

Emass =

∫
V
ρT d3x = κω2

∫
V
T 2 d3x.

Define

m = κ c2
∫
V
T 2 d3x =⇒ Emass = mc2.
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Step 3: Compton Wavelength Consistency

Paper #4 introduced a Planck-scale cutoff. For an electron with λC = h/(mc), TFM posits
ω ∼ c/λC . Subtract uniform backgrounds in infinite/curved spacetimes to keep m finite.

6 Local vs. Global Energy Conservation

6.1 Local Conservation (Microscale)

From eq. (3.1), taking ∂t of ρT yields:

∂ρT
∂t

+∇ · jT = −βS ∂tT, (6.1)

where jT = κ(∂tT )∇T . The βS term signifies irreversible dissipation (micro–Bang or decoherence).

6.2 Quantum–Classical Transition (βS-Coupling)

When βS = 0, wave coherence persists. For βS ̸= 0,

Lint ⊃ βS (T+ − T−) Φ,

leading to environment entanglement that breaks superpositions (Paper #1 eq. (2.17)), driving
classical irreversibility (∂tS > 0).

6.3 Global Zero-Energy (Macroscale)∫
ρT d3x ≈ κ

∫ [
(∂tT

+)2 − (∂tT
−)2

]
d3x ≈ 0.

(T+, T−) destructively interfere at large scales, so the net remains zero.

7 Entropy Growth from Wave Configurations

Wave transformations expand the configuration space ΩT , yielding

S = kB lnΩT .

Though micro–Bang surges can reorder wave states locally, global entropy generally increases.

8 Implications and Predictions

8.1 Universe Longevity & Zero-Energy

Local expansions keep the universe from a final inert state. Net energy is zero, but indefinite wave
reconfigurations imply a universe lasting for extremely long times.

8.2 Dark Energy as Time Wave Creation

Wave excitations in “vacuum” appear as dark energy, allowing w(z) ̸= −1. DESI/Euclid can detect
or constrain ∆w ∼ 0.03.
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8.3 Black Hole Evaporation

Black holes are highly compressed time waves, eventually leaking excitations over cosmic eons (akin
to Hawking evaporation), dissolving lumps back into the broader wave background.

8.4 Quantum Vacuum Fluctuations

TFM attributes vacuum fluctuations to local (T+, T−) disturbances. Small anomalies in Casimir
or optomechanical data might favor TFM over standard QFT.

8.5 Gravitational-Wave Spectrum ∼ f−1/3 (Paper #2 eq. (4.12))

Micro–Bang collisions yield partial random phases, giving a ∼ f−1/3 slope. Astrophysical mergers
differ (∼ f−2/3). TFM’s slope is thus a distinctive signature.

8.6 Stochastic Gravitational-Wave Background

hc(f) ∼ 10−18
( f

10−15Hz

)−1/3
. (8.1)

NANOGrav (nHz) might detect ∼ 10−16–10−15. LISA (mHz) or LIGO (kHz) see weaker signals
unless resonance effects occur.

8.7 CMB Non-Gaussianity

TFM expansions yield local-type fNL ∼ 1. Planck’s limit fNL = −0.9± 5.1 is consistent; CMB-S4
might constrain fNL to σ ∼ 0.3.

8.8 Casimir Deviations & BEC Anomalies

TFM modifies zero-point fluctuations slightly. Casimir force shifts ∼ 0.1% require sub-0.1% pre-
cision. BEC shifts ∼ 10−3% (Paper #2 eq. (5.11)). Current ∼ 1% experiments must improve
further.

9 Extended TFM Thermodynamics:
Absolute Zero, Temperature, and the Third Law

9.1 Absolute Zero in TFM

Classically, 0K means no motion. TFM posits irreducible (T+, T−) fluctuations:

Ezero =
1
2 h fT , (9.1)

so absolute zero is unattainable.

9.2 Temperature as Wave Activity

T =
∂E

∂S
. (9.2)

High temperature =⇒ rapid wave changes; low temperature =⇒ slow wave activity. Under
∇T = 0, TFM recovers Planck’s law (Paper #4 eq. (7.2)).
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9.3 TFM Thermodynamic Laws

First Law: Local ∆E = Q−W with net zero globally.

Second Law: Wave reconfigurations expand ΩT , raising S.

Third Law: Perfect stasis impossible, (T+, T−) never vanish.

9.4 Black Hole Thermodynamics, Dark Energy, and ZPE

BH lumps evaporate slowly. Dark energy emerges from wave activity in low-density regions. Both
require a non-zero vacuum from (T+, T−) fluctuations.

10 Equilibrium, Dissipation, and the Emergence of Time

Pre–Macro Big Bang Equilibrium. No net entropy growth, no arrow of time. (T+, T−) nearly
cancel.

Macro Big Bang. A threshold-limited wave reconfiguration introduced large-scale irreversibility
(Paper #3).

Micro–Big Bangs. Localized surges re-energize volumes, net zero energy, globally rising entropy.

Absolute Zero Analogy. At 0K, no net transformations. Similarly, the pre–macro fluid had
no net wave expansions or entropy rise.

11 Refined Observational Benchmarks

11.1 GW, DE, CMB, Casimir/BEC Summary

Observable TFM Prediction Typical Value Experiment

GW Spectrum hc(f) ∼ f−1/3 ∼ 10−15 (nHz) NANOGrav, PTAs
Dark Energy w(z) −1 + α1β(1 + z)γ ∼ −0.97 at z = 2 Euclid, DESI
CMB fNL ∼ 1 (local-type) ∼ few Planck, CMB-S4
Casimir Force Shift ∆F/FQED ∼ 0.1% sub-0.1% needed
BEC Zero-Point Shift ∆E/EQED ∼ 10−3% ultra-cold labs

Table 1: TFM’s principal observational predictions versus near-future experimental sensitivities.
TFM’s fNL ∼ 1 differs from standard slow-roll inflation (fNL ≪ 1).

12 Discussion and Conclusion

12.1 Brief Philosophical & Comparative Note

TFM’s pre–macro Bang lacked irreversibility, so no arrow of time – reminiscent of relational models
(Mach, Rovelli) where time emerges from change. Meanwhile, standard quantum gravity or string
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frameworks often assume non-zero vacuum energies. TFM’s zero-energy stance and f−1/3 GW
slope offer a way to distinguish it from conventional inflation or quantum gravity approaches once
data is sufficiently precise.

12.2 Comparison with Standard Energy Laws

Classically, energy is a single conserved scalar. TFM modifies this via:

• Zero-sum approach: Universe has net zero energy, with local transformations rearranging
positive vs. negative energies.

• Emergent forms: Kinetic (motion) energy is fundamental; potential or thermal energies are
wave states.

Under small wave amplitudes or slow transformations, TFM recovers standard energy conservation.

12.3 Future Work

• High-precision cosmology: Euclid/DESI for w(z) ̸= −1, CMB-S4 for fNL, NANOGrav
for f−1/3 GWs.

• Quantum Foundations (Paper #8): βS-driven decoherence, wavefunction collapse, micro–
Bang entanglement triggers.

• Lab Tests: Casimir anomalies at sub-0.1% precision, BEC zero-point shifts, advanced op-
tomechanics.

• FRW Renormalization: HPC expansions to confirm large-scale wave coherence (Paper #4
eq. (6.4)).

12.4 Conclusion

We have presented a consolidated Law of Energy in TFM:

1. Kinetic energy is fundamental: potential, thermal, etc. are wave-based excitations;

2. Total net energy is zero: maintained by (T+/T−) destructive interference;

3. Entropy grows unboundedly: wave reconfigurations allow extremely prolonged cosmic
evolution;

4. Arrow of time from macro–Bang irreversibility: large-scale wave asymmetry drives
irreversible processes.

We showed how E = mc2 arises naturally from wave compression, how local transformations
preserve a global zero sum, and how TFM can be tested via gravitational waves (the f−1/3 slope),
dark energy w(z), and CMB non-Gaussianity (fNL ∼ 1). Extending thermodynamics (absolute zero,
temperature, third law) unifies quantum and gravitational perspectives in a wave-based framework.
Future HPC simulations, improved lab experiments (sub-0.1% Casimir/BEC precision), and next-
generation cosmological data will further refine TFM’s parameters and predictions.
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