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Abstract

Phase Differential Theory (PDT) proposes that quantum mechanics emerges as an effec-
tive description of a deeper dynamical phase manifold. In this framework, four scalar phase
fields define a locked background whose long-wavelength envelope dynamics reproduce the
Schrodinger equation. The Born rule arises as the natural conserved probability density
compatible with locality and continuity of phase flow, and measurement is interpreted as
phase synchronisation between subsystems rather than wavefunction collapse.

This paper develops a controlled derivation of the Schrodinger equation as an envelope
approximation, identifies the conserved probability current associated with phase flow, and
shows that |¢|? is the natural density selected by locality, positivity, and conservation.
Measurement is modelled as a dynamical locking of relative phase between system and
apparatus, yielding discrete outcomes without introducing non-unitary dynamics at the
fundamental level.

All results are obtained within a low-energy, long-wavelength effective regime. The micro-
scopic equations of motion for the phase manifold are intentionally deferred, as the effective
envelope theory presented here is self-contained and does not require explicit microscopic
specification.

1 Introduction

Quantum mechanics is one of the most successful theories in physics, yet its foundations remain
conceptually opaque. The standard formalism postulates a complex wavefunction, linear unitary
evolution, the Born rule for probabilities, and a special measurement process. These ingredients
work extraordinarily well in practice, but they are not derived from a deeper dynamical picture.

Phase Differential Theory (PDT) offers an alternative starting point. Instead of taking the
wavefunction as fundamental, PDT postulates a deeper phase manifold described by four scalar
phase fields. Quantum mechanics then appears as an effective, long-wavelength description of
the envelope dynamics of these fields. In this view, the Schrodinger equation, the Born rule,
and the phenomenology of measurement all emerge from the underlying phase dynamics.

Related Work

Several approaches have attempted to derive quantum mechanics from deeper structures, in-
cluding hydrodynamic formulations, pilot-wave theory, stochastic mechanics, and geometric-
algebraic models. PDT differs from these in that it does not modify the Schrodinger equation
or introduce hidden variables; instead, it derives the effective quantum formalism from the
envelope dynamics of a multi-field phase manifold.



Notation and Conventions

We work on a four-dimensional manifold with coordinates x*, u = 0,1, 2,3. Repeated indices
are summed. The phase fields are denoted ®4, A = 0,1,2,3. Bold symbols denote spatial
vectors. Units are chosen such that i appears explicitly in the effective envelope equation.

Assumptions
The analysis in this paper is based on the following assumptions:
A1l. Phase manifold: The fundamental degrees of freedom are four scalar phase fields ® 4(z).

A2. Locked background: There exists a background configuration with approximately constant
phase gradients.

A3. Envelope regime: We consider long-wavelength, low-frequency modulations and neglect
higher-derivative corrections.

A4. Effective linearity: In the envelope regime, the dynamics of small perturbations are ap-
proximately linear.

A5. Locality and conservation: Probability is represented by a locally conserved density and
current.
2 Phase manifold and microscopic structure

2.1 Phase fields

We postulate four real scalar phase fields

du(z), A=0,1,23. (1)

2.2 Locked background

The phase fields admit a background configuration with approximately constant gradients,
0, P4 ~ const. (2)

This locked background defines a reference state about which we consider small perturbations.

3 Envelope dynamics and the Schrodinger equation

3.1 Modulated phase configuration

Consider a modulated configuration of the form
a@@) = 0P (2) + e R {Y(@)uac?@/e}, (3)

where () is a slowly varying complex envelope and 6(z) is a rapidly varying phase.

3.2 Effective envelope equation

A multiple-scale analysis yields the effective envelope equation

2
O = V2 + V()0 8

which is the Schrodinger equation for a single particle in an external potential.



4 Probability flow and the Born rule

4.1 Continuity equation

The Schrodinger equation implies

QPP +V-j=0, (5)
with 5
j= 5 (VY - YV, (6)

4.2 Natural selection of |¢|?

Requiring locality, positivity, and conservation selects

P($,t) = |¢($7t)|27 (7)

as the natural conserved probability density associated with the envelope dynamics.

5 Measurement as phase synchronisation

5.1 System—apparatus coupling

Let g and ¥4 denote the envelopes of system and apparatus. Their interaction couples the
underlying phase fields.

5.2 Phase locking and outcomes

Stable phase-locking configurations correspond to discrete measurement outcomes. The under-
lying phase-manifold dynamics remain continuous, and no fundamental collapse is required.

6 Discussion and limitations

The analysis shows that:
e the Schrodinger equation emerges as an envelope approximation;
e the Born rule follows from probability flow;
e measurement corresponds to phase synchronisation.
Limitations include:
e absence of the full microscopic action;
e restriction to single-particle, non-relativistic regimes;

e omission of decoherence and many-body effects.

7 Outlook

Future work will extend the envelope analysis to relativistic regimes, multi-particle sectors, and
the geometric and topological structures developed in subsequent papers of this series. A full
microscopic formulation of the phase manifold is intentionally deferred and will be presented in
later work; the effective envelope theory developed here is self-contained and does not rely on
explicit microscopic equations.
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