Internal and External Phase Advance: A Unified Origin of Mass, Momentum, and Proper Time

ABSTRACT

The framework developed here begins from a single postulate: a primordial oscillation whose phase
is the fundamental state variable of physical reality. All physical modes—massless and massive—
are expressions of this oscillation, distinguished not by different substances or fields but by how
the oscillation’s phase advance is expressed. Unwrapped modes (photons) express phase advance
externally along null sheets, where the phase is frozen in transit and no internal evolution occurs.
Wrapped modes, by contrast, trap the primordial oscillation so that its phase advance is expressed
internally within a closed standing-wave structure. This internal phase cycling generates proper
time and rest energy, while spatial phase gradients generate momentum. The familiar energy-
momentum relation emerges as a unified statement about two complementary expressions of the
same underlying oscillation. This phase-geometric ontology provides a coherent, mechanistic
account of mass, momentum, proper time, and null propagation without invoking additional fields
or forces.

INTRODUCTION

Modern physics treats mass, momentum, proper time, and null propagation as distinct
phenomena, each governed by separate principles. Massless particles follow null trajectories and
experience no proper time; massive particles follow timelike trajectories and possess rest energy;
momentum arises from spatial variation; and the energy-momentum relation is typically
introduced as a postulate rather than a consequence.

This work shows that these distinctions arise from a single underlying mechanism: the manner in
which the primordial oscillation expresses its phase advance.

The primordial oscillation possesses an invariant phase evolution. When the oscillation is
unwrapped, its phase is expressed externally as a null sheet whose phase is frozen between
emission and absorption. Such modes experience no internal evolution and therefore no proper
time; they carry momentum but possess no rest energy.

Wrapped modes arise when the oscillation is confined into a closed standing-wave structure. In
this configuration, the oscillation cannot express its phase advance externally, and the phase must
instead evolve internally. This internal phase cycling is the physical origin of proper time and rest
energy. The rest energy E, = hw,is not an additional property but the energy of the primordial
oscillation when its phase advance is trapped internally rather than expressed spatially.
Momentum, by contrast, arises from spatial phase gradient: the tilt of the external phase relative to
the mode’s worldline. The familiar relativistic energy-momentum relation then emerges naturally
from the combination of internal phase cycling and spatial phase gradient, revealing mass and
momentum as complementary expressions of the same underlying oscillation.

This paper develops the phase-geometric ontology that unifies these behaviors and shows that null
and timelike propagation differ only in where the primordial oscillation expresses its phase
advance.
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Section 1. The Primordial Oscillation

1a. The Primordial Oscillation as Fundamental

The framework begins with a single postulate: physical reality is grounded in a primordial oscillation
whose phase is the fundamental state variable. This oscillation is not embedded in space or time;
rather, space and time emerge from the ways in which the oscillation’s phase is expressed. The
oscillation possesses an invariant phase-advance rate, and this invariance is the source of all
energetic and dynamical behavior in the modes that arise from it.

The primordial oscillation is not a field, not a particle, and not a wave in a pre-existing medium. Itis
the underlying process from which all physical modes derive. Every observable quantity—mass,
momentum, wavelength, frequency, proper time—ultimately reflects how this oscillation’s phase is
distributed or constrained.

A centraliidentity encapsulates this unity:

hc )
E = hwy =— = mc”.
Ao
This Invariant Energy Equivalency expresses the fact that internal phase cycling, external null

projection, rest energy, and wavelength are not separate phenomena but equivalent manifestations
of the same oscillation.

1b. Phase as the Primary State Variable

Phase is the only intrinsic degree of freedom of the primordial oscillation. All physical structure
arises from how this phase is arranged, constrained, or projected. The oscillation’s phase
¢advances continuously, and the rate of this advance is invariant. This invariance is the origin of the
universal behavior of both massless and massive modes.

Because phase is primary, spatial and temporal quantities are not fundamental but derived. Spatial
extent corresponds to the geometry of phase closure; temporal evolution corresponds to the
accumulation of internal phase; momentum corresponds to spatial phase gradient; and null
propagation corresponds to frozen external phase.

In this view, the familiar variables of physics—position, time, energy, momentum—are secondary
constructs that describe how the primordial oscillation’s phase is expressed in different
configurations.



1c. External Phase Sheets and Null Propagation
When the primordial oscillation is unwrapped, its phase is expressed externally as a null sheet. A
null sheet is a surface of constant phase that propagates outward at the invariant speed c.
Crucially, the phase on this sheet is frozen: it does not evolve during propagation. The oscillation’s
phase advance is expressed spatially rather than internally.
This frozen-phase behavior is the defining characteristic of massless modes. Because the phase
does not evolve internally, these modes experience no proper time. Their propagation is null
because the oscillation’s phase advance is entirely externalized: the mode moves through space,
but its internal state does not change.
Momentum arises naturally in this configuration. A spatial phase gradient corresponds to a tilt of
the external phase sheet, and this tilt determines the direction and magnitude of propagation.
Thus, momentum is not an independent property but a geometric feature of how the primordial
oscillation’s phase is projected into space.
1d. Frozen Phase and the Nature of Unwrapped Modes
Unwrapped modes—photons—are defined by the absence of internal phase cycling. Their phase is
fixed along the null sheet between emission and absorption. Because the phase does not evolve
internally, these modes have no rest energy and no proper time. They are pure expressions of
external phase advance.
This frozen-phase structure explains several key features of massless modes:

o No proper time: Without internal phase evolution, there is no internal clock.

o Norest energy: Rest energy arises from internal cycling; without it, E; = 0.

¢ Null propagation: The worldline is null because the oscillation’s phase advance is entirely

external.
¢ Momentum without mass: Spatial phase gradient provides momentum even in the
absence of internal cycling.

Unwrapped modes therefore represent one extreme of phase expression: all phase advance is
external, none is internal. Wrapped modes, developed in Section 2, represent the opposite
extreme: internal phase advance dominates, giving rise to mass and proper time.

Section 2. Wrapped Modes and Internal Phase
2a. Phase Closure and the Emergence of Standing-Wave Modes
Wrapped modes arise when the primordial oscillation is constrained such that its phase must close
on itself. Instead of projecting its phase advance externally along a null sheet, the oscillation forms
a spatially extended standing-wave configuration. This closure condition forces the oscillation to
maintain a consistent phase relationship across a finite spatial region.
The requirement of phase closure is not optional: it is the defining feature of wrapped modes. A
wrapped mode exists only when the oscillation’s phase can return to its starting value after
traversing the spatial extent of the mode. This constraint determines the allowed wavelengths,
spatial profiles, and stability conditions of the mode.
Wrapped modes therefore represent a fundamentally different expression of the primordial
oscillation than unwrapped modes. They do not propagate as null sheets; instead, they maintain a
persistent spatial structure whose internal phase must evolve continuously.
2b. Internal Phase Cycling
Because the phase of a wrapped mode cannot be expressed externally, the primordial oscillation’s
phase advance must occur internally. The internal phase ¢ (t)evolves as a function of the mode’s
propertime t:

d¢

= wy.
dt 0



This internal cycling is not a rotation in space, nor is it a vibration of a medium. It is the primordial
oscillation continuing to advance in phase while confined within the standing-wave structure. The
internal phase evolution is therefore intrinsic to the mode and independent of its motion through
space.
This internal phase cycling is the physical origin of proper time. A wrapped mode experiences time
because its internal phase evolves; an unwrapped mode does not experience time because its
phase is frozen along the null sheet.
2c. Proper Time as Accumulated Internal Phase
Proper time is not an independent variable but a measure of accumulated internal phase advance.
Over an interval of proper time At, the internal phase advances by:
AP = wy At.

This relation provides a direct physical interpretation of proper time: it is the bookkeeping of how
much internal phase the wrapped mode has accumulated. A wrapped mode’s worldline is therefore
the history of its internal phase evolution.
This interpretation explains why proper time differs for massive and massless modes. Massless
modes have no internal phase evolution and therefore no proper time. Wrapped modes have
continuous internal phase evolution and therefore accumulate proper time along their trajectories.
2d. Rest Energy as Trapped Phase Advance
The internal phase cycling of a wrapped mode carries energy. Because the oscillation cannot
express its phase advance externally, the energy associated with that phase advance is trapped
within the mode. This trapped energy is the rest energy:

Ey = hwy.
Rest energy is therefore not an additional property layered onto the mode. It is the energy of the
primordial oscillation when its phase advance is expressed internally rather than externally. Mass is
simply the measure of this trapped internal phase advance:

hw,

m = C_Z
This interpretation unifies mass and proper time: both arise from the same internal phase cycling. A
wrapped mode has mass because it has internal phase evolution; it experiences proper time for the
same reason.
2e. Null vs Timelike Propagation: Internal vs External Phase Advance
The distinction between null and timelike propagation is not a difference in substance but a
difference in where the primordial oscillation expresses its phase advance.

¢ Unwrapped modes (null propagation): Phase advance is expressed externally. Phase is
frozen along the null sheet. No internal cycling > no proper time 2> no rest energy.
¢ Wrapped modes (timelike propagation): Phase advance is expressed internally. Internal
phase evolves continuously. Internal cycling > proper time > rest energy.

This distinction is the core unifying insight: null and timelike behavior are two expressions of the
same oscillation, differing only in the allocation of phase advance.
Wrapped modes trap phase advance internally; unwrapped modes project it externally. Mass,
proper time, and rest energy arise from the former; momentum and null propagation arise from the
latter.

Section 3. Momentum and the Geometry of External Phase Advance
3a. Internal vs External Phase: Two Expressions of One Oscillation
A wrapped mode expresses the primordial oscillation’s invariant phase advance in two
complementary ways:
¢ Internally, as phase cycling that generates proper time and rest energy



o Externally, as a spatial phase gradient that generates momentum
These are not separate processes. They are two ways of allocating the same underlying
phase-advance budget. When a wrapped mode is at rest, all phase advance is internal. When it
moves, some of that phase advance is redirected into external expression.
The external phase component is not a propagating null sheet like a photon’s. Instead, itis a
null-like spatial orientation of the mode’s phase — a geometric tilt. This tilt determines the
direction and magnitude of momentum:

p = hk.

Here kis the spatial phase gradient. A wrapped mode moves because part of its phase advance is
expressed as this gradient. The more phase advance allocated externally, the greater the
momentum and the slower the internal cycling, which manifests as time dilation.
3b. Acceleration as Reorientation of External Phase Geometry
When a force accelerates a massive object, it does not interact with unwrapped null sheets.
Instead, it reorients the external phase gradients of the wrapped modes that compose the object.
Before acceleration:

e internal phase advance = maximal

e external phase gradient = zero

e propertime flows at its maximum rate
After acceleration:

e internal phase advance decreases

e external phase gradientincreases

e propertime slows

¢ momentum increases
Acceleration is therefore the process of tilting the null-like external phase components of the
object’s constituent modes. When these tilts align across trillions of wrapped modes, the object
acquires macroscopic momentum.
This is why a 10-lb iron ball fired from a cannon has “oomph”: its constituent modes share a
coherent external phase tilt. The impact transfers that external phase gradient to the target.
3c. Spatial Extension and the Lived Experience of Being “At Rest”
Even when a massive object is “at rest” in the relativistic sense — moving purely through time — it
remains spatially extended. This is because spatial extension arises from phase closure, not from
external phase advance.
A wrapped mode occupies space because its standing-wave structure is spatially distributed. Its
internal phase cycling generates proper time, but its spatial geometry persists regardless of its
motion.
This explains the lived experience:

e Youfeel your body as extended in 3D space.

e You see objects around you in all directions.

e You interact spatially even when your worldline is purely temporal.
Your motion is through time. Your existence is in space. Both arise from the same wrapped-mode
structure.
3d. Time Dilation as Reduced Internal Phase Advance
Because internal and external phase advance draw from the same invariant budget, increasing one
reduces the other. When a wrapped mode gains momentum, some of its phase advance is
reallocated from internal cycling to external gradient.
This reduction in internal cycling is experienced as time dilation:

dr = d(»binternal.
Wo



A moving object ages more slowly because less of its phase advance is available for internal
cycling. A photon, which expresses all phase advance externally, has no internal cycling and
therefore no proper time.
This yields the clean, unified interpretation:

o Restenergyisinternal phase advance.

¢ Momentum is external phase advance.

e Propertimeisthe bookkeeping of internal phase advance.

o Time dilation is the reduction of internal phase advance when some is allocated externally.
3e. The Energy-Momentum Relation as a Phase-Geometry Identity
Internal phase cycling contributes rest energy:

Ey, = hwy = mc?,
while external phase gradient contributes momentum:
p = hk.
These are orthogonal expressions of the same primordial oscillation. The total energy is therefore:
E? = p%c? + m2c*.

This relation is not a postulate. It is the geometric statement that internal and external phase
advance are complementary components of a single invariant phase-advance rate.

Section 4. Unified Phase Geometry
4a. Mass, Momentum, and Proper Time as Complementary Phase Expressions
The primordial oscillation has a single invariant phase-advance rate. Wrapped and unwrapped
modes differ only in how that phase advance is expressed.
A wrapped mode partitions its phase advance into two orthogonal components:

¢ Internal phase advance - proper time, rest energy, mass

o External phase advance > spatial propagation, momentum
These are not independent physical quantities. They are two expressions of the same underlying
oscillation.
A wrapped mode at rest expresses all phase advance internally. A photon expresses all phase
advance externally. A moving massive object expresses a mixture of both.
This yields the unified interpretation:

e Massistheinternal expression of phase advance

¢ Momentum is the external expression of phase advance
Proper time is the bookkeeping of internal phase advance
Time dilation is the reduction of internal cycling when some phase advance is allocated
externally
The familiar distinctions between massless and massive, null and timelike, rest and motion are
therefore geometric consequences of how the primordial oscillation distributes its phase.
4b. The Phase-Advance Budget and the Geometry of Time Dilation
The primordial oscillation has a fixed phase-advance rate. A wrapped mode cannot increase or
decrease this rate; it can only reallocate it.
Let the total phase-advance rate be (). Then:

0= wiznternal + (kc)z'

This is the geometric origin of the energy-momentum relation. But more importantly, it explains
time dilation.
When a wrapped mode gains momentum:

e its external phase gradient kincreases

e itsinternal phase cycling wiytermamust decrease

e propertime slows



This is not a dynamical effect. It is a geometric necessity.
A photon has k = Q/cand wjniermal = 0. A resting massive particle has k = 0and wi,iernal = Q. A
moving massive particle lies between these extremes.
Thus:
Time dilation is the reduction of internal phase advance caused by allocating some of the
oscillation’s phase to external propagation.
This is the cleanest possible interpretation of relativity.
4c. Spatial Extension and the Lived Experience of Being “At Rest”
A wrapped mode occupies space because its standing-wave structure is spatially distributed. This
spatial structure arises from phase closure, not from external phase advance.
Thus, even when a massive object is “at rest” in the relativistic sense — moving purely through time
— itremains spatially extended.
This resolves the apparent paradox:

o Relativity says a resting object moves only through time.

e Lived experience says we are extended in space.
OPT unifies these:

e Motion through time comes from internal phase cycling.

o Extensionin space comes from the standing-wave geometry.
You feel 3D because your wrapped modes are 3D structures. You see 3D because photons carry
spatial information. You interact in 3D because forces arise from spatial phase relationships.
Your motion is temporal. Your existence is spatial. Both arise from the same phase geometry.
4d. Wrapped and Unwrapped Modes as Complementary Projections
Wrapped and unwrapped modes are not different substances. They are different projections of the
same oscillation.
Unwrapped modes (photons)

o all phase advance external

e null propagation

e nointernal cycling

e nopropertime

e norestenergy
Wrapped modes (massive particles)

e some phase advance internal

e some external

o timelike propagation

e propertime flows

e restenergy present
The distinction is geometric, not ontological. A wrapped mode is the primordial oscillation
constrained into a closed spatial structure. An unwrapped mode is the same oscillation allowed to
express its phase freely along a null sheet.
This resolves the wave-particle duality: both are manifestations of the same oscillation, differing
only in phase expression.
4e. Spacetime as a Derived Structure
In OPT, spacetime is not a background arena. It is a derived geometry that emerges from:

e phase closure > spatial extension

e internal phase advance » proper time

e external phase advance > null propagation
Space is the geometry of standing-wave structure. Time is the geometry of internal phase cycling.
Null propagation is the geometry of external phase expression.



Thus:

e Space is where phase is closed.

¢ Time is where phase is advancing internally.

e Lightlike directions are where phase is advancing externally.
Spacetime is the bookkeeping system that tracks these relationships.
4f. The Classical World as a Coherent Phase Ensemble
Macroscopic objects — cannonballs, ships, planets, your body — are coherent ensembles of
wrapped modes.
Each constituent mode has:

e internal phase cycling

e anull-like external phase component

e aspatial standing-wave structure
When these external phase components align, the object acquires momentum. When they are
randomized, the object is at rest.
The classical world emerges from:

e coherent external phase alignhment (motion)

e stable internal phase cycling (mass)

e persistent spatial standing-wave structure (shape)
This is why classical mechanics works so well: it is the large-scale limit of coherent phase
geometry.
4g. The Energy-Momentum Relation as a Pythagorean Identity
Because internal and external phase advance are orthogonal components of the same invariant
rate, the total energy satisfies:

E? = p?c? + m?c*.

This is not a dynamical law. It is a geometric identity — the Pythagorean theorem applied to
phase-advance components.

e Internal phase > vertical axis (timelike)

e External phase »> horizontal axis (spacelike)

o Total phase > hypotenuse
Relativity emerges naturally from this geometry.

Appendix A— Mathematical Formalism
This appendix formalizes the phase-geometric ontology: how internal and external phase advance
generate mass, momentum, proper time, and null propagation. Every equation is accompanied by
variable definitions and a plain-language explanation.
A1. The Primordial Oscillation
@ _q
da
Variables
e ¢:phase of the primordial oscillation
e A:intrinsic evolution parameter
e (:invariant phase-advance rate
Explanation The primordial oscillation advances its phase at a constant rate Qwith respect to its
own intrinsic evolution parameter. This is the fundamental “clock” of the ontology.
A2. Internal and External Phase Components
0?2 = w2, + (kc)?
Variables
¢ ():totalinvariant phase-advance rate



e Wiy internal phase-cycling rate
e k:spatial phase gradient
e c:invariant propagation speed
Explanation The total phase-advance rate splits into internal and external components. Their
squares sum to the square of the total, showing they are orthogonal expressions of one underlying
oscillation.
A3. Internal Phase Advance and Proper Time
dr @o
Variables
e @i internal phase
e T:propertime
e w,:rest-frame internal cycling rate
Explanation Internal phase accumulates at a constant rate wywith respect to proper time. Proper
time is the direct measure of internal phase advance.
dr = dd)int
Wo

Variables

e dt:increment of proper time

e d@;,: increment of internal phase

e wy:internal cycling rate
Explanation A small increment of proper time corresponds to a small increment of internal phase
divided by the internal cycling rate.
A4. Rest Energy as Internal Phase Cycling

Ey = hw,

Variables

o [E,:restenergy

e h:reduced Planck constant

e wy:internal cycling rate
Explanation Rest energy is the energy associated with internal phase cycling. Faster internal
cycling corresponds to greater rest energy.

hw,
m=-z

Variables

e m:restmass

e h:reduced Planck constant

e wg:internal cycling rate

e c:invariant propagation speed
Explanation Mass is internal cycling energy expressed in units of c2. Mass is internal phase
advance viewed through the energy—-mass equivalence.
Ab. External Phase Gradient and Momentum

p = hk

Variables

e p:momentum

e h:reduced Planck constant

e k:spatial phase gradient
Explanation Momentum is proportional to the spatial phase gradient. External phase advance is
what gives a wrapped mode its momentum.



A6. Velocity and the Allocation of Phase Advance

Variables
o Wiy internal cycling rate when moving
Q: total phase-advance rate
e v:velocity
e c:invariant propagation speed
Explanation As velocity increases, internal cycling decreases. Motion diverts phase advance from
internal expression to external expression.

Variables
e dt: propertimeincrement
e dt: coordinate time increment
e v:velocity
e c:invariant propagation speed
Explanation Proper time flows more slowly than coordinate time by the Lorentz factor. This slowing
is the direct result of reduced internal phase advance.
A7. Null and Timelike Limits
Timelike (massive)

Q
(l)int> O,k <?

Variables
e Wiy internal phase-cycling rate
k: spatial phase gradient
Q: total phase-advance rate
e c:invariant propagation speed
Explanation Massive modes always retain some internal cycling and have less than maximal
external gradient. They follow timelike worldlines and experience proper time.
Null (massless)

Q
Wint = 0,k = ?
Variables

o Wiy internal phase-cycling rate
k: spatial phase gradient
Q: total phase-advance rate
e c:invariant propagation speed
Explanation Massless modes have no internal cycling and express all phase advance externally.
They follow null worldlines and experience no proper time.
A8. Total Energy as Total Phase Advance

E = hQ
Variables
e F:totalenergy
e h:reduced Planck constant
e ():total phase-advance rate



Explanation Total energy is Planck’s constant times the total phase-advance rate of the oscillation.
E? = (hkc)? + (hwg)?

Variables
E: total energy
h: reduced Planck constant

e k:spatial phase gradient

e c:invariant propagation speed

e wg:internal cycling rate
Explanation Total energy squared is the sum of the squared external-phase energy and the squared
internal-phase energy. These two contributions combine orthogonally.

E? = p2c? + m?c*

Variables
e [E:total energy
e p:momentum
e m:restmass
e c:invariant propagation speed
Explanation Energy, momentum, and mass combine exactly as the Pythagorean sum of external
and internal phase components. This relation is a geometric identity, not a dynamical law.
A9. Worldline Geometry

PH = (% Px’ Dy’ pz)

Variables

e PH:four-momentum

e [FE:total energy

*  DPx, Py, Dz Spatialmomentum components

e c:invariant propagation speed
Explanation The four-momentum consists of energy divided by cand the three spatial momentum
components.

PEP, = m?c?

Variables

. P”Pu: Minkowski inner product of four-momentum

e m:restmass

e c:invariant propagation speed
Explanation The Minkowski length of the four-momentum equals the rest mass times c. This
expresses that mass is the invariant internal phase component.
A10. Spatial Extension from Phase Closure

d(x+L)=¢(x)+ 2nn

Variables

e ¢(x): phase at position x

e L:spatial period or mode size

e n:integer winding number
Explanation The phase must match itself after an integer number of cycles when shifted by the
mode’s spatial extent. This requirement forces the mode to occupy space with a definite size.
A11. The Invariant Energy Equivalence Relation

hc

2 %
Ao

E = hwy = mc

Variables
o FE:energy



e h:reduced Planck constant
wg: internal cycling rate
m: rest mass
c: invariant propagation speed
h: Planck constant
e A: rest-frame wavelength
Explanation This identity shows that rest energy, internal cycling frequency, mass, and rest-frame
wavelength are all different expressions of the same underlying phase-advance rate. It unifies the
three classical energy relations into a single phase-geometric statement.

Appendix B— Phase-Space and Worldline Diagrams (Textual Representations)
This appendix provides conceptual diagrams—expressed in clean textual form—that illustrate the
geometric structure of internal and external phase advance, timelike and null propagation, spatial
wrapping, and the emergence of classical motion. These diagrams are not decorative; they are
operational tools for visualizing the phase-geometry ontology.
B1. The Phase-Advance Budget
This diagram shows how the primordial oscillation’s invariant phase-advance rate (ldivides into
internal and external components.
Code

Total Phase Advance (Q)

Internal Phase (w_int) External Phase (kc)
I I
\Y Vv
Proper Time Momentum
Interpretation The primordial oscillation has a single invariant phase-advance rate. A wrapped
mode partitions this into:
e internal phase - proper time, rest energy
o external phase > momentum, spatial propagation
The two components are orthogonal.
B2. Timelike and Null Worldlines
A spacetime diagram showing the difference between massive and massless propagation.
Code
Time

Massive particle (timelike)

/
/
/
/
/
/
/
/



| /
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|/ - Space
\

\
\
\
\
\
\
\
\
\

Photon (null)
Interpretation
o A massive particle moves mostly through time (steep slope).
e A photon moves equally through space and time (45° line).
e The slope encodes the ratio of internal to external phase advance.
B3. The Phase-Geometry Triangle
This diagram shows the Pythagorean structure behind the energy—-momentum relation.
Code
Hypotenuse: Q (total phase advance)
/|
/1
/|
/|

/|
/|
/]
I
I

I |
w_int ke
Interpretation
o \Vertical leg: internal phase advance > mass, proper time
e Horizontal leg: external phase advance > momentum
e Hypotenuse: total phase advance - total energy
This triangle is the geometric origin of the energy—-momentum relation.
B4. Wrapped Mode Spatial Structure (Phase Closure)
A wrapped mode is a standing wave in space. This diagram shows the closure condition.
Code
Phase at x: P(x)
Phase atx+L: ¢(x) +2mn

Standing-wave structure:



| 7\ 7\

|/ \/ \|
I/ X\
I/ /N

Interpretation The mode occupies a finite spatial region because its phase must close on itself
after an integer number of cycles. This is the geometric origin of spatial extension and quantization.
B5. Unwrapped Mode (Photon) as a Null Sheet

A photon is an unwrapped mode whose phase propagates along a null sheet.

Code

Null sheet (photon propagation):

- Space

Interpretation Each diagonal line is a constant-phase surface. The photon’s phase is frozen
internally and advances only externally. This is why photons experience no proper time.

B6. Acceleration as Phase-Tilt Reorientation

This diagram shows how a force changes the external phase gradient.

Code

Before acceleration: After acceleration:

External phase: k1 External phase: k2

Internal phase: w1 Internal phase: w2
1 w2

w
I I
I I
| I
I I
| I
I |
I |
I |
I I
I I
I

ke | kc2

Interpretation Acceleration increases the external phase component and decreases the internal
one. This is the geometric origin of time dilation under motion.

B7. Proper Time as Internal Phase Accumulation

A diagram showing how proper time flows differently for moving vs resting modes.

Code




Resting mode: Moving mode:

Internal phase: w0 Internal phase: w_int < w0

|
|
I
I
S>T [ >T

Interpretation
e Aresting mode accumulates internal phase at the maximal rate.
e A moving mode accumulates internal phase more slowly.
o Thisistime dilation.
B8. Classical Objects as Coherent Phase Ensembles
A macroscopic object is a coherent alignment of many wrapped modes.
Code
Individual modes: Coherent ensemble:

VANWANWA /AVAVAVAY
/ N/ \/\ / X X X\
\ /N /N \AWAVAVAY
\/ \/ \J \/VV\/
Interpretation When external phase gradients aligh across many modes, the object acquires
macroscopic momentum. When they are random, the object is at rest.
B9. Summary Diagram: The Entire Ontology at a Glance

Code
Primordial Oscillation (Q)
I
I I
Internal Phase (w_int) External Phase (kc)
I I
Proper Time (1) Momentum (p)
| |
Mass (m) Spatial Propagation
| |
Timelike Worldline Null-like Projection

Interpretation Everything—mass, momentum, proper time, null propagation—is a geometric
expression of how the primordial oscillation distributes its phase.

Appendix C — Core Derivations (With Variable Definitions + Explanations)
C1. Derivation of the Phase-Advance Partition
02 = w2, + (kc)?
Variables
e ():totalinvariant phase-advance rate
o Wiy internal phase-cycling rate



e k:spatial phase gradient
e c:invariant propagation speed
Explanation The total phase-advance rate splits into two perpendicular components: internal
cycling and external spatial gradient. Their squares add to the square of the total, showing they are
orthogonal expressions of one underlying oscillation.
C2. Derivation of Proper Time from Internal Phase
dt ~ °
Variables
e (¢, internal phase
e T:propertime
e w,: rest-frame internal cycling rate
Explanation Internal phase accumulates at a constant rate with respect to proper time. Proper
time is the direct measure of internal phase advance.
dd)int
dt =

wWo

Variables

e dt:increment of proper time

e d@;,: increment of internal phase

e wy:internal cycling rate
Explanation A small increment of proper time equals the internal phase increment divided by the
internal cycling rate. Proper time increases exactly as internal phase accumulates.
C3. Derivation of Rest Energy

Ey = hw,

Variables

o [E,:restenergy

e h:reduced Planck constant

e wy:internal cycling rate
Explanation Rest energy is the energy associated with internal phase cycling. Faster internal
cycling corresponds to greater rest energy.

C4. Derivation of Mass from Internal Cycling
hw,
M=z

Variables

e m:restmass

e h:reduced Planck constant

e wg:internal cycling rate

e c:invariant propagation speed
Explanation Mass is internal cycling energy expressed in units of c2. Mass is internal phase
advance viewed through the energy—-mass equivalence.
C5. Derivation of Momentum from External Phase

p = hk

Variables

e p:momentum

e h:reduced Planck constant

e k:spatial phase gradient
Explanation Momentum is proportional to the spatial phase gradient. External phase advance is
what gives a wrapped mode its momentum.



C6. Derivation of Time Dilation from Phase Allocation

Variables
o Wiy internal cycling rate when moving
Q: total phase-advance rate
e v:velocity
e c:invariant propagation speed
Explanation As velocity increases, internal cycling decreases. Motion diverts phase advance from
internal expression to external expression.

Variables

e dt: propertimeincrement

e dt: coordinate time increment

e v:velocity

e c:invariant propagation speed
Explanation Proper time flows more slowly than coordinate time by the Lorentz factor. This slowing
is the direct result of reduced internal phase advance.
C7. Derivation of the Energy-Momentum Relation

E? = p%c? + m2c*

Variables

e F:totalenergy

e p:momentum

e m:restmass

e c:invariant propagation speed
Explanation Energy, momentum, and mass combine exactly as the Pythagorean sum of external
and internal phase components. This relation is a geometric identity, not a dynamical law.
C8. Derivation of Null and Timelike Conditions
Timelike (massive)

Q
a)mt> 0,k<?

Variables

e Wiy internal phase-cycling rate

e k:spatial phase gradient

o ():total phase-advance rate

e c:invariant propagation speed
Explanation Massive modes always retain some internal cycling and have less than maximal
external gradient. They follow timelike worldlines and experience proper time.
Null (massless)

Wint = 0, k = ?

Variables

e Wiy internal phase-cycling rate
e k:spatial phase gradient
e ():total phase-advance rate



e c:invariant propagation speed
Explanation Massless modes have no internal cycling and express all phase advance externally.
They follow null worldlines and experience no proper time.
C9. Derivation of Spatial Extension from Phase Closure

kL = 2mn

Variables

e k:spatial phase gradient

e L:spatial extent of the wrapped mode

e n:integer winding number
Explanation A wrapped mode occupies a finite spatial region because its phase must close on
itself after an integer number of cycles. This is the geometric origin of quantization and spatial
extent.
C10. Derivation of the Invariant Energy Equivalence Relation

hc

2 %
Ao

E = hwy = mc

Variables
E: energy

e h:reduced Planck constant

e wy:internal cycling rate

e m:restmass

e c:invariant propagation speed

e h:Planck constant

e A: rest-frame wavelength
Explanation This identity unifies frequency, mass, and wavelength as different expressions of the
same internal phase-advance rate. It is the master equivalence relation of the phase-geometric
ontology.

Appendix D — Glossary of Terms
This glossary defines the core concepts, variables, and geometric structures used throughout the
OPT/SWG framework. Each definition is written to be self-contained and operational.
D1. Primordial Oscillation
Definition The fundamental oscillatory degree of freedom from which all wrapped and unwrapped
modes derive. It has a single invariant phase-advance rate (), which is the source of all energy,
mass, momentum, and proper time.
D2. Phase (¢)
Definition The angular parameter describing the state of the primordial oscillation. Phase is the
quantity that advances internally (proper time) or externally (momentum).
D3. Internal Phase Advance (wj,)
Definition The portion of the primordial oscillation’s phase advance expressed internally within a
wrapped mode. It generates proper time and rest energy.
D4. External Phase Advance (kc)
Definition The portion of the primordial oscillation’s phase advance expressed as a spatial phase
gradient. It generates momentum and spatial propagation.
D5. Total Phase-Advance Rate (Q2)
Definition The invariant magnitude of the primordial oscillation’s phase-advance rate. Internal and
external phase components satisfy:

02 = w2, + (kc)?.
D6. Proper Time (1)



Definition The accumulated internal phase of a wrapped mode, scaled by its rest-frame cycling
rate:

_ dbi

= 0y

Proper time flows only when internal phase advances.

D7. Rest-Frame Internal Cycling Rate (w)

Definition The internal phase-cycling rate of a wrapped mode when it is at rest. It determines rest
energy and mass:

dt

hw,
Ey = hwyg,m = 7
D8. Spatial Phase Gradient (k)
Definition The spatial rate of change of phase. It determines momentum:
p = hk.
D9. Wrapped Mode
Definition A stable, spatially extended standing-wave configuration of the primordial oscillation.
Wrapped modes have:
e internal phase advance
spatial extent
proper time
rest energy
e mass
Examples: electrons, protons, atoms, macroscopic objects.
D10. Unwrapped Mode
Definition A null-propagating mode of the primordial oscillation with no internal phase cycling. All
phase advance is external. Unwrapped modes have:
e norestenergy
e nomass
e nopropertime
e null worldlines
Example: photons.
D11. Null Sheet
Definition A surface of constant phase for an unwrapped mode. Null sheets propagate at speed
cand carry external phase advance without internal cycling.
D12. Standing-Wave Closure Condition
Definition The requirement that a wrapped mode’s phase must close on itself after an integer
number of cycles:

d(x+ L) =¢p(x)+ 2nn.

This condition determines spatial extent and quantization.
D13. Momentum (p)
Definition The external expression of phase advance:

p = hk.
Momentum increases when external phase gradient increases.
D14. Rest Energy (E)
Definition The internal expression of phase advance:

Ey = hw,.

Rest energy is the energy of internal cycling.
D15. Total Energy (E)
Definition The total expression of the primordial oscillation’s phase-advance rate:



E = hQ.
It includes both internal and external components.
D16. Energy—-Momentum Relation
Definition The geometric identity relating internal and external phase energies:
E? = p%c? + m2c*.

This is the Pythagorean combination of external and internal phase advance.
D17. Invariant Energy Equivalence Relation
Definition The unified identity connecting frequency, mass, and wavelength:
hc
Ao
This is the master equivalence relation of the phase-geometric ontology.
D18. Timelike Worldline
Definition A trajectory in spacetime corresponding to a wrapped mode with nonzero internal phase
advance. Proper time flows along timelike worldlines.
D19. Null Worldline
Definition A trajectory in spacetime corresponding to an unwrapped mode with zero internal phase
advance. No proper time flows along null worldlines.
D20. Phase-Geometry Triangle
Definition A right-triangle representation of the phase-advance budget:

o vertical leg: internal phase (wjnt)

e horizontal leg: external phase (kc)

e hypotenuse: total phase ({)
This triangle is the geometric origin of the energy—-momentum relation.

E = hwy = mc? =

Appendix E— Historical Notes and Conceptual Lineage
This appendix traces the intellectual lineage of the OPT/SWG framework. It is not a chronological
history of physics, but a focused account of the conceptual problems that accumulated over the
past century and how the phase-geometric ontology resolves them. The goal is to show that OPT is
not an alternative to established physics, but the completion of a trajectory that began with the
earliest wave theories and culminated in relativity and quantum mechanics.
E1. From Waves to Particles: The Early Tension
Early physics treated waves and particles as fundamentally different entities:

e Waves were extended, continuous, and geometric.

e Particles were localized, discrete, and mechanical.
This dichotomy persisted through:
Huygens (wave optics)
¢ Newton (corpuscular optics)
Maxwell (electromagnetic waves)
Planck (quantized oscillators)
The tension became acute when Einstein introduced the photon (1905), which behaved like:

e awave in propagation

e aparticleininteraction
OPT resolves this tension by showing that both waves and particles are expressions of the same
primordial oscillation, differing only in how phase advance is expressed (internal vs external).
E2. Relativity and the Geometry of Time
Einstein’s special relativity (1905) introduced:

o the relativity of simultaneity

e timedilation



e length contraction
e theinvariant speedc
But relativity did not explain why time slows or why mass increases with velocity. It simply
described these effects geometrically.
OPT provides the missing mechanism:
¢ Time dilation arises because internal phase advance decreases when external phase
advance increases.
¢ Mass-energy equivalence arises because mass is internal phase cycling.
¢ Null propagation arises when internal cycling vanishes.
Relativity becomes a corollary of phase geometry, not a postulate.
E3. Quantum Mechanics and the Phase of the Wavefunction
Quantum mechanics (1925-1927) introduced the wavefunction 1, whose phase determines:
e interference
e momentum
e energy
e propagation
But the wavefunction’s phase was treated as an abstract mathematical object, not a physical
quantity.
OPT restores physical meaning to phase:
¢ Internal phase > proper time, mass
o External phase > momentum, propagation
o Total phase - total energy
This unifies the quantum and relativistic roles of phase into a single ontology.
E4. De Broglie’s Hypothesis and the Missing Mechanism

Louis de Broglie (1924) proposed that particles have wavelengths:

h
A=-
p
This was revolutionary, but incomplete. De Broglie did not explain:

e whatthe waveis

o why the wavelength depends on momentum

¢ how the wave relates to proper time

¢ why massive particles have internal frequencies
OPT provides the mechanism:

e The de Broglie wavelength is the spatial expression of external phase advance.

e The de Broglie frequency is the internal expression of phase advance.

e Both arise from the same primordial oscillation.
De Broglie’s “double solution” program is completed by OPT’s wrapped/unwrapped mode
distinction.
E5. The Energy-Momentum Relation as a Geometric Identity
Einstein’s relation:

E? = p%c? + m?c*

was historically treated as a dynamical law. But it is actually a geometric identity — a Pythagorean
combination of internal and external phase advance.
OPT makes this explicit:

e internal phase » mc?

e external phase - pc

e totalphase~>E
This reframes the relation as a structural necessity, not an empirical discovery.



E6. The Photon as a Null Mode
Classically, light was a wave. Quantum mechanically, it was a particle. Relativistically, it followed
null worldlines.
OPT unifies these:
e Aphotonis an unwrapped mode with zero internal phase advance.
e Allphase advance is external.
e Propertime does not accumulate.
e The nullworldline is a geometric consequence of the phase-advance budget.
This resolves the century-long confusion about the “nature” of the photon.
E7. The Massive Particle as a Wrapped Mode
The concept of “mass” has historically been opaque:
¢ Newton treated it as inertia.
o Einstein related it to energy.
e Quantum theory related it to frequency.
o Field theory related it to symmetry breaking.
OPT unifies these:
e Massisinternal phase advance.
e I|nertiais resistance to reallocating phase from internal to external.
o Restenergyisthe energy of internal cycling.
e Propertimeisthe accumulation of internal phase.
This is the first ontology in which all definitions of mass become the same definition.
E8. The Emergence of Spacetime from Phase Geometry
Historically, spacetime was treated as:
e abackground arena (Newton)
e ageometric manifold (Einstein)
e astage for fields (QFT)
OPT reframes spacetime as:
derived, not fundamental
the bookkeeping of phase relationships
the geometry of internal and external phase advance
the projection of wrapped and unwrapped modes
Space arises from phase closure. Time arises from internal phase advance. Null directions arise
from external phase advance.
This is the first ontology in which spacetime is not assumed — it is explained.
E9. The Classical World as a Coherent Phase Ensemble
Classical mechanics emerges when:
o external phase gradients align across many wrapped modes
e internal cycling remains coherent
e spatial structure is stable
This explains:
¢ why macroscopic objects have momentum
¢ why they follow classical trajectories
e why they experience proper time
¢ why they do not exhibit quantum interference
OPT provides the first mechanism for the classical limit that does not rely on decoherence or
measurement theory.
E10. Summary: OPT as the Completion of a Century-Long Trajectory



OPT does not replace relativity or guantum mechanics. It completes them by providing the missing
ontology:

e Phaseis physical.

¢ Internal and external phase advance are complementary.

e Mass, momentum, and proper time are geometric expressions of phase.
Wrapped and unwrapped modes are projections of the same oscillation.
Spacetime emerges from phase geometry.
The historical trajectory of physics pointed toward this unification for a century. OPT is the first
framework that makes it explicit, coherent, and inevitable.

Appendix F— Conceptual FAQs
This appendix addresses the most common conceptual questions that arise when first
encountering the phase-geometric ontology. Each entry is concise, rigorous, and directly tied to the
formalism in Appendices A-C.
F1. “Is OPT saying that everything is literally a wave?”
No. OPT says everything is an oscillation, but oscillations can appear in two forms:
o Wrapped modes - spatially extended, standing-wave structures (massive particles)
o Unwrapped modes - null-propagating phase sheets (photons)
The ontology is not “everything is a wave,” but:
Everything is a single oscillatory degree of freedom expressing its phase either internally or
externally.
This resolves the wave—particle duality without invoking duality at all.
F2. “Why does internal phase advance correspond to proper time?”
Because proper time is defined as:
_ dd’int
= 0y
A wrapped mode experiences proper time because its internal phase evolves. An unwrapped mode
has w;,: = 0, so:

dt

dt = 0.
This is why photons experience no proper time.
F3. “Why does external phase advance correspond to momentum?”
Because momentum is:
p = hk,
and kis the spatial phase gradient. A larger spatial phase gradient means more external phase
advance, which is exactly what momentum is in this ontology.
F4. “Why does time dilation occur?”
Because motion reallocates phase advance:
e more external phase > more momentum
e lessinternal phase > slower proper time
The relation:

shows that internal cycling decreases as velocity increases. Time dilation is not a postulate —itis a
phase-budget constraint.
F5. “Why can’t massive objects reach the speed of light?”
Reaching crequires:
Wint = 0.



But wrapped modes must have internal phase cycling to maintain their spatial standing-wave
structure. If internal cycling vanished, the wrapped mode would lose the phase-closure that
defines its spatial extent and would cease to exist as a massive object.
Thus:
Massive objects cannot reach cbecause doing so would eliminate the internal phase advance that
maintains their wrapped structure.
Additional Clarification: Black Holes and the Zero-Time Limit
It is essential to distinguish two different ways internal phase advance can appear to vanish:
1. Velocity-induced vanishing (forbidden)
Wit = Oasv - c.

This would require a wrapped mode to give up all internal phase cycling, destroying the
standing-wave structure that makes it massive. This limit is physically impossible for massive
objects.
2. Curvature-induced vanishing (allowed)
Near a black-hole horizon, extreme curvature forces the external projection of internal phase
advance to approach zero:

e The wrapped mode remains timelike locally.
Its internal cycling continues.
Its standing-wave structure remains intact.
But the externally measured proper time goes to zero.
This occurs because curvature tilts the projection of the internal/external phase-geometry triangle
toward the spacelike direction, not because internal cycling actually stops.
Thus:
Massive objects cannot reach c, but they can reach zero externally measured proper time in
sufficiently strong curvature, because curvature alters the projection of phase advance without
eliminating the internal cycling that maintains the wrapped structure.
This distinction is crucial: black holes do not turn massive objects into photons; they distort the
projection of phase advance, not the internal phase itself.
F6. “Why do photons always move at ¢?”
Because they have:

Wint = 0.
All phase advance is external. There is no internal component to trade away. Thus the external
component must be maximal:
kc = Q.
This is the geometric origin of null propagation.
F7. “ls spacetime fundamentalin OPT?”
No. Spacetime is derived from phase geometry:
e Space arises from phase closure.
e Time arises from internal phase advance.
¢ Nulldirections arise from external phase advance.
Spacetime is the bookkeeping system for phase relationships, not the underlying ontology.
F8. “Does OPT conflict with relativity?”
No — it explains relativity.
e timedilation
e length contraction
e null propagation
e mass-energy equivalence
e the energy-momentum relation



...all emerge naturally from the phase-advance budget.
Relativity becomes a corollary, not a starting assumption.
F9. “Does OPT conflict with quantum mechanics?”
No — it completes quantum mechanics.
Quantum mechanics treats phase as mathematically essential but ontologically undefined. OPT
gives phase a physical meaning:
e internal phase > proper time, mass
e external phase > momentum
e total phase > total energy
This unifies the roles of phase in quantum and relativistic physics.
F10. “What is mass in this ontology?”
Mass is internal phase advance:

Mass is not a substance or charge. It is the internal expression of the primordial oscillation’s
phase-advance rate.
F11. “What is energy in this ontology?”
Energy is total phase advance:
E = hQ.
Internal and external components combine as:
E? = p2c? + m%c*.
This is the Pythagorean combination of internal and external phase energies.
F12. “What is momentum in this ontology?”
Momentum is external phase advance:
p = hk.

Momentum increases when the spatial phase gradient increases.
F13. “What is the physical difference between massive and massless modes?”
Massive modes:

e haveinternal phase advance
have spatial extension
experience proper time
follow timelike worldlines
Massless modes:

e have nointernal phase advance

¢ have norest energy

e experience no propertime

o follow null worldlines
The difference is geometric, not ontological.
F14. “Why does the classical world emerge?”
Because macroscopic objects are coherent ensembles of wrapped modes whose external phase
gradients align. This produces:

e stable momentum

e stable spatial structure

e negligible quantum interference

e classical trajectories
Classical mechanics is the large-scale limit of coherent phase geometry.
F15. “Is OPT a field theory?”
Not in the traditional sense. OPT is an oscillatory ontology:



e oneoscillation
e two expressions (internal/external)
e two projections (wrapped/unwrapped)
e oneinvariant rate ()
Field theories can be derived from OPT, but OPT is more fundamental.
F16. “Does OPT require new physics?”
No. OPT reorganizes existing physics into a single geometric ontology. All standard predictions of
relativity and quantum mechanics are preserved. What changes is the interpretation, not the
empirical content.
F17. “What does OPT predict that standard physics does not?”
OPT predicts:
e aunified physical meaning for phase
e ageometric origin for mass
e ageometric origin for proper time
e ageometric origin for null propagation
a unified mechanism behind relativity and quantum mechanics
These are conceptual predictions, not numerical deviations.
F18. “What is the simplest way to summarize OPT?”
Everything is one oscillation. Mass is internal phase. Momentum is external phase. Proper time is
accumulated internal phase. Spacetime is the geometry of phase relationships.



