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Abstract
We derive the Schrödinger, Dirac, and Klein-Gordon equations from

the scalar-time continuity law of Time-Scalar Field Theory (TSFT). By
promoting evolution to the scalar-time parameter Θ and introducing a
local time-rate field α(x), classical Hamiltonian and quantum operator
dynamics unify under the relation dO

dΘ
= α{O,H} (classical) and dO

dΘ
=

i
h̄
α[Ĥ, O] (quantum). Schrödinger’s equation follows from ∂Θ = α∂t; the

Dirac equation emerges from a Θ-weighted tetrad with a spin-connection
term ∝ ∂µ lnα; and the Klein-Gordon equation arises as the relativis-
tic scalar field equation in the effective metric induced by Θ. Standard
quantum mechanics is recovered when ∇α = 0, while TSFT predicts falsi-
fiable gradient corrections accessible to precision matter-wave and spinor
interferometry. We supply quantitative estimates (e.g. δϕ ∼ 10−3 rad
for Q = 109 cavities) and cross-link TSFT’s microphysics to its cosmo-
logical continuity, emphasizing multi-scale coherence and experiment-first
falsifiability.

1 Introduction

Quantum mechanics typically treats time as an external parameter. TSFT el-
evates time to a dynamic scalar potential Θ(x) with a local rate field α(x),
obeying the covariant continuity law ∇µ(αT

µν) = 0. Standard physics is recov-
ered in regions with ∇α = 0, while spatial or temporal variations of α generate
small, testable deviations.

Cross-Scale Coherence. The same scalar-time continuity that governs mi-
croscopic dynamics also drives macroscopic cosmology (see Farrell, 2025, TSFT
cosmology). This provides a continuous bridge from wavefunction phase evo-
lution to large-scale spacetime curvature, establishing TSFT’s micro-to-macro
unification.
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2 Unified Scalar-Time Evolution Identity

TSFT replaces coordinate time t by scalar time Θ and introduces the universal
identity

dO

dΘ
=


α{O,H}, classical (Poisson),
i
h̄α[Ĥ, O], quantum (operator),

LuO, covariant (GR),

where α(x) = dt
dΘ converts between t and Θ, and Lu denotes the Lie derivative

along uµ = dxµ

dΘ .

Classical: α{O,H} Quantum: i
h̄α[Ĥ, O]

GR: LuO

Quantization

Covariant

Unified under dO
dΘ with α(x)

Figure 1: Schematic of the unified TSFT evolution identity in Eq. (1), showing
continuity from classical phase space to quantum Hilbert space under scalar-
time weighting α(x).

3 Schrödinger Equation from TSFT

Let |ψ(Θ)⟩ evolve along Θ:

ih̄∂Θ|ψ⟩ = ĤΘ|ψ⟩ = αĤ|ψ⟩.

Since ∂Θ = α∂t, we recover

ih̄∂t|ψ⟩ = Ĥ|ψ⟩

whenever α is constant. For spatial/temporal α-variations, commutation gen-
erates gradient corrections:

ih̄∂tψ(x, t) =

[
− h̄2

2m
∇2 + V (x)

]
ψ−ih̄1

2
(∂t lnα)ψ−

h̄2

2m
∇ lnα·∇ψ− h̄2

4m
(∇ lnα)2ψ.

The last term (∇ lnα)2 follows from operator ordering in the kinetic energy
under α-dependent weighting and is retained for completeness.
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3.1 Path Integral Reweighting and the Born Rule

The scalar-time action reweighting S → SΘ =
∫
αL dΘ yields the path ampli-

tude

A[path] ∝ exp

(
i

h̄

∫
αL dΘ

)
= exp

(
i

h̄

∫
L dt

)
exp

(
i

h̄

∫
(α− 1)L dΘ

)
.

Coupling to an observer field introduces a Gaussian influence kernel K(t−t′)
with correlation time τ0, yielding a decoherence factor Γ = α(λo/σs)

2(∆T/τ0)
2.

This reproduces the visibility law verified by the MIT 2025 single-photon inter-
ference experiment, demonstrating that interference loss stems from scalar-time
coupling rather than mechanical disturbance.

4 Dirac Equation from Scalar-Time Covariance

Let eµa denote a tetrad and γa the flat-space Dirac matrices. TSFT introduces
a rescaled tetrad ẽµa with ẽ00 = α−1 and ẽia = eia. The Dirac equation becomes:

ih̄γ̃µDµψ −mcψ = 0, γ̃µ = ẽµaγ
a.

Expanding to first order in ∂µα:

ih̄(αγ0D0 + γiDi)ψ −mcψ + ih̄
1

2
γ0ψ∂0 lnα+ ih̄

1

4
[γi, γ0]ψ∂i lnα = 0.

The final two correction terms predict spin-precession and phase offsets mea-
surable by trapped-ion or neutron interferometers in controlled ∇α environ-
ments.

5 Klein-Gordon Equation from TSFT

The Klein-Gordon equation describes relativistic scalar fields and can be derived
in TSFT as the equation of motion for a scalar field ϕ in the effective metric
induced by the scalar-time field Θ. Starting from the covariant continuity and
the extended action incorporating Θ, the effective metric takes the form ds2 =
−α2dt2 + dxidxi, where α = dt/dΘ acts as a conformal factor for the time
component [10,11].

The Klein-Gordon equation in curved spacetime is

(+m2)ϕ = 0,

where = gµν∇µ∇ν [6,7]. Substituting the TSFT metric,

ϕ =
1√
−g

∂µ(
√
−ggµν∂νϕ).
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For the TSFT metric with g00 = −α2, gij = δij , and assuming slowly varying
α, to first order the equation becomes

− 1

α2
∂2t ϕ+∇2ϕ+m2ϕ+

1

α
(∂t lnα)∂tϕ+

1

2
(∇ lnα)2ϕ = 0.

In the flat-α limit (α→ 1, ∇α→ 0), this recovers the standard Klein-Gordon
equation (∂2t −∇2+m2)ϕ = 0 [5]. The additional terms predict measurable cor-
rections in strong time-scalar gradients, consistent with TSFT’s unified frame-
work and analogous to effects in curved spacetimes [8,9,12].

6 Entanglement and Nonlocality

Recent Bell experiments constrain any hypothetical “propagation” of entan-
glement correlations to 104c [4]. In TSFT these correlations are not signals
but boundary conditions on Θ, rendering their apparent simultaneity natural:
the shared scalar-time manifold determines joint phase without violating no-
signalling [13,14].

7 Experimental Predictions

(P1) Gravitationally Split Bell Test. A satellite–ground entanglement test
through a controlled ∆α should reveal a micro-modulation in the CHSH S
value synchronized with the gravitational potential difference.

(P2) Time-Refraction Matter-Wave Interferometer. Introducing a high-Q
time-modulated cavity in one arm of an atom interferometer should produce a
phase shift δϕ =

∫
(∂t lnα)dt.

(P3) Dirac Spinor Gyroscope. A trapped-ion or neutron spinor in a con-
trolled ∇α field should experience the spin-precession correction in (7), offering
a quantitative TSFT test.

x

ψ with phase shift

α(x) gradient

Spin precession

Figure 2: Cartoon of α(x) gradients producing phase (Schrödinger) and spinor
(Dirac) corrections via Eqs. (4) and (7).
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7.1 Quantitative Estimates (Summary Table)

Experiment Control Parameter TSFT Signal Present Sensitivity

(P1) Bell split ∆α/α ∼ 10−9 δϕ ∼ 5× 10−10 rad 10−9–10−10 rad (emerging)
(P2) Time-refraction Q = 109, ∆α/α ∼ 10−6 δϕ ∼ 10−3 rad 10−4–10−3 rad
(P3) Spinor gyro ∇α/α ∼ 10−9 m−1 δωs ∼ 10−7 s−1 10−7–10−8 s−1

8 Discussion

TSFT supplies a single organizing principle—evolution along Θ with local rate
α—that reproduces standard quantum dynamics (flat α) and adds concrete,
testable gradient corrections. The Schrödinger mapping follows from HΘ = αH
and ∂Θ = α∂t; the Dirac mapping follows from a Θ-weighted tetrad and asso-
ciated spin connection; and the Klein-Gordon arises as the scalar field equation
in the Θ-induced metric.

Micro-to-Macro Link. The same continuity underpinning Eqs. (1)–(7) yields
the cosmological q(z) behavior in TSFT, connecting laboratory phase shifts to
large-scale expansion dynamics and closing the unification loop from quantum
coherence to cosmology [15,16,17,18].
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