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Abstract

Recent photonics experiments demonstrate that structured electromagnetic radiation carry-
ing orbital angular momentum can induce measurable mechanical torque in microscopic mate-
rial systems. These effects are conventionally described as angular momentum transfer from the
electromagnetic field to matter. In this correspondence note, we reinterpret such observations
within the Time-Scalar Field Theory (TSFT) framework, wherein electromagnetic phenomena
arise from anisotropic deformation modes of a scalar temporal manifold. Optical angular mo-
mentum is identified with propagating torsional (vorticity) modes of temporal flow, and optical
torque arises from coupling between these torsional strains and localized material persistence
structures. We further establish a mathematical bridge between standard optical torque ex-
pressions and TSFT deformation invariants, and propose experimentally accessible diagnostics
capable of distinguishing shear-dominated from vorticity-dominated radiation states at equal
stored energy. These results provide observational alignment with TSFT force-mode ontology
and motivate new laboratory tests of temporal strain dynamics.

1 Optical Angular Momentum and Torque in Electrodynamics

Electromagnetic radiation may carry angular momentum, decomposable into spin angular momen-
tum associated with polarization and orbital angular momentum (OAM) associated with spatial
phase structure. Optical beams such as Laguerre-Gaussian modes possess well-defined orbital
angular momentum characterized by an azimuthal mode index /.

For an optical beam of power P and angular frequency w, the angular momentum flux associated
with OAM is
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When such radiation is absorbed or scattered by a material object, the resulting mechanical
torque is

dL,
: 2
o (2)

More generally, the torque exerted on matter by an electromagnetic field may be computed
from the Maxwell stress tensor T;; as

T, =

T:/rx(T-n)dA, (3)
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where n is the outward surface normal. These relations are well confirmed experimentally
and form the basis of optical tweezers, micromechanical manipulation, and structured-light torque
measurements.

2 Temporal Flow Deformation in TSFT

In Time-Scalar Field Theory (TSFT), physical dynamics arise from differential deformation of a
scalar temporal field ©(z). The normalized temporal flow four-velocity is

V,.0
V—V.0Ve0

The covariant derivative of the flow decomposes into irreducible geometric modes:

(4)

Uy =

1
v,uuy = geh,ul/ + o + W — ayuy, (5)

where 0 is the expansion scalar, o, is the symmetric traceless shear tensor, and w, is the
antisymmetric vorticity tensor.
Within TSF'T force ontology:

Gravity <» 0 (bulk temporal compression), (6)
Electric field <+ 0.,  (shear deformation), (7)
Magnetic field <> w,,, (torsional deformation). (8)

Electromagnetic radiation corresponds to propagating elastic disturbances composed of coupled
shear and vorticity modes of the temporal manifold.

3 Optical Orbital Angular Momentum as Temporal Vorticity Modes

Structured optical beams carrying orbital angular momentum exhibit circulating energy flow and
phase helicity. In TSFT language, such beams correspond to radiation states with enhanced exci-
tation of the vorticity sector wy,, of temporal deformation.

The local elastic energy density stored in temporal deformation is

1
U= 5:‘4}02 + /,LO'MVO'MV + nw;tuwuu7 (9)

where k, u, and 7 are effective elastic moduli of the temporal medium.
For optical vortex beams, the vorticity contribution dominates the deformation invariant, such
that

Uoam =~ nwuwh. (10)

Mechanical torque observed in optical trapping experiments is interpreted as partial conversion
of propagating torsional temporal strain into rotational excitation of localized material persistence
structures. Optical angular momentum transfer is therefore reinterpreted as geometric mode cou-
pling between radiation vorticity and material stability degrees of freedom.



4 Recovery of Standard Optical Torque in the Weak-Field Limit

TSFT recovers Maxwell electrodynamics in the weak-deformation, isotropic-flow limit. In this
regime, effective electric and magnetic fields may be defined as

E@) =-VO — 8tA@, B@ =V x A@. (11)

The electromagnetic stress tensor constructed from Eg and Bg then yields the standard torque
expression

r= /r x (Tgy - 1) dA. (12)

Thus TSFEFT predicts the same quantitative torque scaling with optical power and orbital mode
index as conventional electrodynamics under laboratory conditions. The difference lies not in
predicted magnitudes, but in ontological interpretation: angular momentum flux is attributed to
propagating torsional deformation of the temporal manifold rather than to an independent gauge
field entity.

5 Mode-Selective Diagnostics and Experimental Discrimination

Because TSFT identifies force structure with deformation invariants, radiation states may be clas-
sified by the relative magnitudes of

I, = o0, I, = wywh”. (13)

Structured-light metrology techniques already reconstruct full complex electromagnetic fields,
permitting indirect reconstruction of local vorticity-dominated versus shear-dominated radiation
states.

TSFT predicts that optical torque correlates more directly with the vorticity invariant I, than
with total energy density alone. Therefore, radiation modes with equal stored electromagnetic
energy but differing ratios of 1,/ I, should produce distinct mechanical torque responses in optically
trapped systems.

This provides an experimentally accessible geometric diagnostic: torque measurements com-
pared across beam families at equal power but differing vorticity structure probe temporal torsion
content rather than energy magnitude alone.

6 Gravitational Coupling and Raychaudhuri Sign Structure

The evolution of temporal expansion along the flow congruence obeys the Raychaudhuri equation:

% = _éQQ - O-W/O-NV + wuyw“” — R;WUMUV + V“a“. (14)

Shear contributes negatively to focusing, while vorticity contributes positively. Consequently,
TSFT predicts opposite-sign corrections to temporal compression arising from shear-dominated
versus vorticity-dominated electromagnetic configurations.

Although these effects are strongly suppressed at laboratory energy densities, ultra-stable op-
tical cavities monitored by co-located clocks or atom interferometers could, in principle, detect
differential temporal phase offsets correlated with deformation invariants rather than electromag-
netic intensity alone.



Such experiments would directly probe nonlinear coupling between electromagnetic and gravi-
tational deformation modes of the temporal manifold.

7 Conclusion

Optical angular momentum transfer experiments demonstrate efficient coupling between structured
electromagnetic radiation and mechanical rotation in matter. Within Time-Scalar Field Theory,
these observations arise naturally as transfer of torsional temporal deformation from propagating
radiation states into localized material persistence structures.

TSFT recovers conventional optical torque predictions in the weak-field limit, while provid-
ing additional geometric invariants capable of classifying radiation by deformation mode content.
This motivates mode-selective experimental diagnostics comparing shear-dominated and vorticity-
dominated radiation states at equal stored energy, as well as precision clock and interferometric
tests of nonlinear temporal strain coupling.

While optical torque does not constitute direct evidence for gravitational manipulation, it pro-
vides accessible laboratory confirmation of the TSFT force-mode ontology and identifies photonics
experiments as fertile ground for future tests of temporal elasticity dynamics.
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A Relation Between Optical Helicity and Temporal Vorticity In-
variants

A.1 Optical Helicity in Electromagnetic Theory

Optical helicity is a conserved pseudoscalar quantity associated with the handedness of electromag-
netic field configurations. In Coulomb gauge, helicity density may be written as

1
T2
where A is the magnetic vector potential, C is the dual electric vector potential, and B = Vx A,
E=-0,A—-V¢.
For monochromatic radiation in free space, helicity density reduces (up to normalization) to

h=-(A-B-C-E), (15)

h o< Im(E* - B), (16)

which is nonzero for chiral or vortex field configurations and vanishes for purely linearly polarized
plane waves.

Optical helicity is closely related to the topological linking and twisting of electromagnetic field
lines and is conserved in vacuum under duality-symmetric electrodynamics.

A.2 Temporal Vorticity in Time-Scalar Field Theory

In TSFT, magnetism corresponds to the antisymmetric vorticity tensor of the temporal flow con-
gruence:

W = h%,h5, Vg, (17)

where u,, is the normalized gradient of the scalar time field ©.
The scalar invariant governing torsional strain energy density is

I, = wuwh”. (18)

Radiative electromagnetic states correspond to propagating coupled shear and vorticity excita-
tions of the temporal manifold. Structured radiation with circulating phase gradients corresponds
to localized enhancement of I, relative to shear invariants.

A.3 Helicity as a Diagnostic of Temporal Torsion

Both optical helicity and temporal vorticity represent measures of rotational field topology. Helicity
is odd under parity and measures linking and twisting of field lines, while w,,, is antisymmetric and
contributes as a pseudoscalar under spacetime orientation reversal.

For radiation in the weak-field limit where TSF'T reduces to Maxwell electrodynamics, magnetic
field structure is related to temporal vorticity through

Bo & w, (19)

up to normalization and projection onto spatial hypersurfaces of constant ©.
Therefore, nonzero optical helicity implies nonzero integrated torsional deformation of temporal
flow:



/th x /wij‘“’ av, (20)

establishing helicity as an operational proxy for vorticity-dominated temporal strain in propa-
gating radiation states.

A.4 Spin—Orbit Coupling as Shear—Vorticity Mode Mixing

Spin—orbit interactions of light correspond to dynamical exchange between polarization structure
and spatial phase circulation. In TSFT language, this represents coupling between shear and
vorticity deformation modes of the temporal manifold.

Shear invariants are given by

Iy = oo, (21)

while torsional invariants are given by [,. Spin—orbit conversion processes correspond to redis-
tribution of deformation energy between I, and I, sectors during propagation or scattering.

Thus structured-light evolution in inhomogeneous media or near interfaces provides a physical
arena for studying nonlinear temporal mode coupling predicted by TSFT in the electromagnetic
sector.

A.5 Experimental Implications

Optical experiments capable of reconstructing full vector electromagnetic fields permit indirect es-
timation of helicity density and internal energy circulation. Within TSF'T, these quantities provide
empirical access to deformation invariants of the temporal flow congruence.

Comparisons of optomechanical torque, radiation pressure, and internal circulation across beam
families at equal electromagnetic energy but differing helicity and phase topology probe whether
mechanical response scales with torsional invariants rather than intensity alone.

Precision cavity experiments combined with clock or interferometric phase monitoring further
allow testing of nonlinear coupling between electromagnetic torsion and gravitational expansion
modes predicted by the Raychaudhuri equation for temporal flow.

These tests are beyond the scope of standard Maxwellian interpretation but arise naturally from
the unified deformation ontology of TSFT.

B Mapping Optical Stress Tensor to Temporal Elastic Stress

B.1 Maxwell Stress Tensor and Electromagnetic Momentum Flux

In classical electrodynamics, the momentum flux density carried by electromagnetic fields is de-
scribed by the Maxwell stress tensor:

1 1 1
T = (B8 g0 L (B = gheB?). -
Ko 2

The force on matter is given by surface integration of stress:
EM

and torque is given by



T = j[r x (TEM . n) dA. (24)

Thus mechanical effects of radiation are mediated entirely through stress and momentum flux
carried by electromagnetic field structure.

B.2 Elastic Stress from Temporal Deformation

In TSFT, the scalar time field behaves as an elastic medium whose deformation energy density is

1
U= 5/@02 + oot + nwwt’ (25)

The associated elastic stress tensor of the temporal manifold follows from variation of U with
respect to spatial metric deformations, analogous to continuum elasticity:
T%SFT = K0 655 + 20045 + 2nwikWi;- (26)
Here o;; and w;; are spatial projections of the temporal shear and vorticity tensors onto hyper-
surfaces of constant O.
Thus mechanical stress experienced by matter arises from local temporal strain gradients rather
than from independent force carriers.

B.3 Weak-Field Correspondence of Electromagnetic and Temporal Stress

In the weak-field, isotropic-flow limit, TSFT recovers Maxwell electrodynamics through the oper-
ational field definitions

E@ =-VO — 8tA@, B@ =V X A@. (27)

Substituting these into the Maxwell stress tensor yields a quadratic functional of temporal
deformation gradients. Up to normalization constants and gauge-dependent terms, the resulting
stress tensor matches the projected elastic stress tensor of the temporal medium:

EM TSFT
Thus electromagnetic stress represents the effective elastic stress of the temporal manifold when
deformation is dominated by shear and vorticity modes and isotropic expansion is negligible.

B.4 Torque as Moment of Torsional Strain Flux

Mechanical torque arises from circulation of stress about an axis. In TSFT language, this corre-
sponds to transport of torsional deformation through the material boundary.
Define the torsional strain flux vector

Juo =nw x vy, (29)

where w represents spatial vorticity of temporal flow and v, is the group velocity of the prop-
agating strain packet.
Then the torque exerted on matter may be expressed as

Tocjl{rwa-ndA. (30)
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In the weak-field correspondence regime, this reduces to the standard electromagnetic torque
expression derived from the Maxwell stress tensor, demonstrating that optical angular momentum
transfer corresponds to flux of torsional temporal deformation across the material boundary.

B.5 Angular Momentum Conservation as Torsional Mode Conservation

In electromagnetism, conservation of angular momentum follows from rotational symmetry of the
stress-energy tensor:

O:L; + VjMZ‘j =0, (31)

where M;; is the angular momentum flux tensor.
In TSFT, rotational symmetry of the temporal elastic action implies conservation of integrated
torsional deformation:

di / wWuwh dV + f J, dA =0. (32)
=

Thus conservation of optical angular momentum is reinterpreted as conservation of torsional
strain content in the temporal manifold, with matter acting as a sink or source of localized torsional
excitation during radiation—matter interaction.

B.6 Why Optical Torque Does Not Produce Macroscopic Gravitational Effects

Although torsional and shear deformation modes carry energy, gravitational curvature in TSFT
corresponds to the expansion scalar 6 of temporal flow.
Nonlinear mode coupling enters gravitational sourcing through relations of the form

80 ~ oo™ — Apww, (33)

with coupling coefficients suppressed by ratios of elastic moduli.

For laboratory electromagnetic fields, deformation invariants remain many orders of magnitude
below matter-sourced compression, and net gravitational flux through closed surfaces remains fixed
by total mass-energy content.

Consequently, optical torque experiments probe torsional temporal elasticity without producing
detectable gravitational modulation, in agreement with both conventional electrodynamics and
TSFT no-shielding constraints.

C Dimensional Analysis and Estimates of Temporal Elastic Mod-
uli

C.1 Elastic Analogy and Modulus Hierarchy

In continuum elasticity, mechanical response is governed by elastic moduli associated with distinct
deformation modes: bulk compression, shear distortion, and torsional rotation. Analogously, TSFT
assigns elastic moduli to temporal deformation sectors:

e r: bulk modulus of temporal compression (expansion mode, gravity),

e 1 shear modulus of temporal distortion (electric sector),



e 7: torsional modulus of temporal vorticity (magnetic sector).

The deformation energy density is

U= %562 + 10, M 4 Nt (34)

Physical stability requires &, u, 7 > 0. Differences in observed force strengths reflect the relative
stiffness of these moduli rather than distinct fundamental interactions.

C.2 Dimensional Scaling of Deformation Invariants

The temporal deformation tensors have dimensions of inverse length:

(6] ~ [o] ~ [w] ~ L7 (35)

Energy density therefore scales as

[U] ~ (modulus) x L2 (36)

Thus, for comparable geometric strain amplitudes, relative energetic cost is governed by the
magnitudes of k, u, and 7.

Laboratory electromagnetic systems efficiently excite shear and torsional modes, implying that
u and 7 are many orders of magnitude smaller than x, the modulus governing isotropic temporal
compression.

C.3 Extreme Stiffness of the Temporal Bulk Modulus

Gravitational coupling is characterized by Newton’s constant G, relating energy density to curva-
ture:

4G
2

This implies that producing a fractional temporal compression 6 requires mass-energy densities
on astrophysical scales.

By contrast, electromagnetic phenomena operate without producing measurable expansion-

mode curvature, indicating that the effective temporal bulk modulus satisfies

K> . (38)

In practical terms, exciting temporal compression requires coherent energy densities comparable

to stellar or cosmological regimes, while shear and torsion can be excited locally with modest
laboratory fields.

C.4 Electromagnetic Energy Density Compared to Gravitational Sourcing

Electromagnetic energy density is

upn = & (50E2 + iBQ) . (39)
The equivalent gravitational source density is
UEM

10



For laboratory-scale fields E ~ 10% V/m, one finds

UEM ™~ 4 J/m37 PEM ~~ 5 X 10717 kg/m57 (41)

which is negligible compared to ordinary matter density.
Thus electromagnetic excitation produces significant shear and torsion while contributing van-
ishingly to bulk temporal compression.

C.5 Nonlinear Mode Coupling and Suppression Factors

Coupling between deformation modes arises from nonlinear elastic terms in the scalar-time action.
To leading order, expansion sourcing from electromagnetic modes may be written schematically as

00 ~ Ngo o™ — Apw ™. 42
2 "

Dimensional consistency implies that coupling coefficients scale as inverse moduli:

VP WL (43)

K K
Given the extreme stiffness of the bulk temporal modulus, these ratios are exceedingly small,
rendering gravitational backreaction from electromagnetic strain effectively undetectable in labo-

ratory conditions.

C.6 Natural Regimes for Strong Mode Coupling

Astrophysical environments provide conditions where electromagnetic energy density approaches
gravitational energy density, including:

e magnetars and pulsar magnetospheres,
e accretion disks near compact objects,
e relativistic jets and plasma turbulence.

In such regimes, TSFT predicts measurable coupling between shear, torsion, and expansion
modes, producing deviations from purely geometric general relativity or purely gauge-field electro-
dynamics.

Observable consequences may include modified frame dragging, anisotropic lensing, or altered
redshift profiles correlated with electromagnetic field topology rather than mass distribution alone.

C.7 Engineering Limits and the No-Shielding Constraint

Because gravitational curvature corresponds to integrated temporal expansion over closed surfaces,
net gravitational flux satisfies

%V@ -dS = 4707'72(; ptoth (44)
Electromagnetic systems cannot reduce this flux because their energy density contributes posi-
tively to piot-
Therefore macroscopic gravitational shielding or repulsion is forbidden by conservation of tem-
poral strain energy, even though local redistribution of shear and torsion may occur.
This establishes a principled engineering boundary: temporal flow may be locally sculpted, but

bulk compression cannot be canceled without corresponding mass-energy redistribution.
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D Topological Defects, Optical Vortices, and Null-Time Nodes as
Temporal Disclinations

D.1 Phase Singularities and Optical Vortices

Structured optical fields frequently exhibit phase singularities where field amplitude vanishes and
phase becomes undefined. These points or lines are known as optical vortices and are characterized
by quantized circulation of phase around the core:

f Vé - de=2rl, (45)

where £ is the integer topological charge of the vortex.

Optical vortices represent stable topological defects of the electromagnetic field, persisting under
continuous deformations and conserved during propagation except through annihilation or creation
in vortex pair processes.

D.2 Temporal Disclinations in Scalar-Time Geometry

In TSE'T, the scalar time field defines a continuous medium whose deformation may contain topo-
logical defects analogous to disclinations in crystalline or elastic materials.

Null-time nodes correspond to localized extrema or discontinuities in the temporal rate field
where effective propagation slows dramatically and phase accumulation becomes ill-defined. These
regions function as temporal disclination cores within the scalar-time manifold.

Around such defects, circulation of temporal phase satisfies

7{ VO - dt = 27n, (46)

with integer winding number n, indicating topological quantization of temporal deformation.

D.3 Mapping Optical Vortices to Temporal Defect Lines

In the weak-field correspondence regime, electromagnetic phase structure arises from gradients of
the temporal potential © and its vector components.
Thus optical phase singularities correspond to localized concentrations of torsional temporal de-
formation, where w,,,, diverges while energy density remains finite due to vanishing field amplitude.
This establishes a correspondence:

Optical vortex core <> Temporal disclination line, (47)

Topological charge ¢ <+ Temporal winding number n. (48)

Matter interacting with optical vortices therefore experiences not only field momentum transfer
but encounters localized geometric defects in temporal flow.

D.4 Matter as Persistent Temporal Defect Structures

Previous TSF'T formulations identify particles as stable persistence structures formed by survival-
conditioned localization of temporal deformation.

12



Within the present framework, such structures correspond to closed or bounded topological
defects of the temporal manifold, stabilized by nonlinear elastic response and coherence selection
principles.

This aligns with condensed-matter analogues where vortices, dislocations, and skyrmions rep-
resent long-lived excitations due to topological protection rather than energetic minima alone.

Thus matter itself may be viewed as frozen-in temporal defect topology rather than as excita-
tions propagating in an otherwise inert spacetime substrate.

D.5 Topological Origin of Quantization

Topological defects enforce discrete winding numbers. As a result, quantities associated with cir-
culation of temporal deformation are naturally quantized:

%V@ - d€ = 27n. (49)

This provides a geometric mechanism for quantization of charge, spin, and other discrete particle
attributes as manifestations of stable temporal winding states.

Charge quantization corresponds to persistent shear-torsion defect configurations, while spin
corresponds to intrinsic circulation of torsional deformation trapped within stable matter structures.

D.6 Optical Vortex Manipulation as Temporal Defect Interaction

Optical trapping and manipulation of microstructures using vortex beams demonstrates controlled
interaction between external torsional radiation states and localized material defects.

In TSFT language, this corresponds to interaction between propagating temporal disclinations
and embedded persistent temporal defect structures.

Observed orbital trapping, rotation, and transport effects therefore represent controlled topolog-
ical interactions within the scalar-time medium rather than merely electromagnetic force exchange
between independent entities.

D.7 Toward a Unified Topological Elastic Theory of Forces

The correspondence between optical vortices, temporal disclinations, and particle persistence struc-
tures suggests that classical and quantum phenomena emerge from a unified theory of topological
elasticity of the temporal manifold.

Force interactions correspond to strain-mediated defect interactions, radiation corresponds to
propagating deformation packets, and particles correspond to stable defect configurations.

This framework naturally unifies classical field dynamics, quantum discreteness, and topological
stability within a single geometric substrate: the scalar time field.

E Spin as Intrinsic Temporal Circulation and Topological Stabil-
ity
E.1 Conventional Description of Spin

In standard quantum theory, spin is introduced as an intrinsic angular momentum described by
spinor representations of the Lorentz group. Fermions exhibit half-integer spin and require 4
rotations to return to their original quantum state.

13



While mathematically successful, this description does not explain why such representations
arise physically, nor why matter exhibits intrinsic angular momentum independent of spatial rota-
tion.

Spin is therefore typically treated as an abstract internal degree of freedom rather than as a
geometric feature of spacetime or fields.

E.2 Temporal Torsion as Intrinsic Circulation

In TSF'T, magnetism and rotational structure correspond to torsional deformation of temporal flow,
described by the antisymmetric tensor w,, .
Persistent localized vorticity trapped within a temporal defect corresponds to intrinsic circula-
tion of temporal deformation that cannot be removed by smooth coordinate transformations.
This circulation does not correspond to spatial rotation of an extended object, but to inter-
nal topological twisting of the temporal manifold itself, naturally producing an intrinsic angular
momentum associated with defect stability.

E.3 Half-Integer Behavior from Topological Covering

Topological defects embedded in elastic media may exhibit nontrivial covering properties, where
closed loops in configuration space correspond to double-valued mappings onto physical states.

In TSFT, a localized torsional temporal defect possesses a configuration space equivalent to a
nontrivial fiber bundle over spatial orientation, such that a 27 spatial rotation does not return the
temporal circulation pattern to its original configuration.

Only after a 4w rotation does the full temporal defect structure map continuously back to
itself, reproducing the characteristic behavior of spin—% systems without invoking abstract spinor
postulates.

E.4 Quantization of Spin from Temporal Winding

Let the intrinsic torsional circulation of a temporal defect be characterized by a winding number n
associated with closed loops in temporal phase space:

7{ w - df = 2. (50)

Stable defects minimize elastic energy subject to topological constraints, permitting only dis-
crete winding values. The minimal nontrivial stable configuration corresponds to n = 1, producing
intrinsic angular momentum equivalent to spin—% when projected into spatial observables.

Higher winding states correspond to unstable or rapidly decaying excitations, explaining why
fundamental matter predominantly exhibits minimal intrinsic spin.

E.5 Magnetic Moment and Gyromagnetic Ratio

Because magnetism corresponds to temporal vorticity in TSFT, intrinsic torsional circulation nec-
essarily produces an effective magnetic moment.

The ratio between angular momentum and magnetic moment (gyromagnetic ratio) reflects
geometric coupling between torsional deformation and electromagnetic response of the temporal
manifold.

14



This provides a geometric origin for the proportionality between spin and magnetic moment
observed in fermions, with deviations (such as the anomalous magnetic moment) arising from
higher-order elastic corrections and quantum coherence effects in the temporal medium.

E.6 Pauli Exclusion from Defect Incompatibility

Topological defects embedded in elastic media cannot occupy identical configurations without de-
structive interference or annihilation.

In TSFT, two identical temporal torsion defects cannot coexist in the same spatial-temporal
state without violating continuity of temporal flow and elastic stability conditions.

This geometric incompatibility provides a natural mechanism for exclusion behavior: identical
fermionic temporal defects cannot occupy the same persistence configuration, producing Pauli
exclusion as a topological constraint rather than as an abstract antisymmetry postulate.

E.7 Spin—Statistics Relation from Temporal Defect Topology

Exchange of two identical temporal defects corresponds to braiding operations in configuration
space. For torsional temporal defects, this braiding produces a phase inversion under single ex-
change, requiring double exchange to return to the original configuration.

Thus antisymmetric exchange behavior arises from the topology of temporal defect configuration
space rather than from imposed quantum axioms.

Bosonic behavior corresponds to shear-dominated or expansion-dominated excitations without
trapped torsional topology, permitting symmetric exchange without phase inversion.

F Quantum Phase and Action as Temporal Strain Accumulation

F.1 Action and Phase in Conventional Physics

In classical mechanics, physical trajectories extremize the action functional

S:/Lﬁ, (51)

while in quantum mechanics, probability amplitudes accumulate phase according to

P~ ¢S, (52)

Although extraordinarily successful, this formalism does not explain why nature uses an action
principle, nor why phase accumulation is proportional to classical action.

F.2 Temporal Strain as the Origin of Action

In TSFT, physical evolution corresponds to deformation of the scalar time field along worldlines.
Proper time is given by

dr= 20 ___ (53)

J/-V,0Vie’

Deformation energy accumulates along trajectories according to the local elastic energy density
of the temporal manifold:
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S x / U dr. (54)

Thus the classical action corresponds to integrated temporal strain energy experienced along a
path through the scalar-time geometry.

F.3 Path Interference as Strain-Phase Interference

In quantum experiments, interference arises because amplitudes from different paths combine with
relative phase

A= %AS. (55)

In TSFT, this phase difference corresponds to differential accumulation of temporal deformation
along alternative histories.

Constructive interference occurs when temporal strain accumulation is commensurate across
paths, while destructive interference occurs when torsional or shear deformation introduces phase
mismatch gifted by elastic coupling to boundary conditions.

F.4 Least Action as Elastic Relaxation Principle

Elastic systems evolve toward configurations minimizing stored strain energy. In TSFT, trajectories
extremizing action correspond to those minimizing integrated temporal deformation.

Thus the principle of least action is reinterpreted as an elastic relaxation principle governing
how temporal flow organizes stable histories.

Geodesic motion in gravity, stationary phase in optics, and classical trajectories in mechanics
are unified as manifestations of temporal strain minimization.

F.5 Classical Emergence from Temporal Elasticity

In regimes where deformation amplitudes are large compared to quantum coherence scales, station-
ary strain paths dominate, suppressing interference between alternative histories.

This produces classical determinism as an emergent approximation of a fundamentally strain-
interfering temporal medium.

Quantum behavior arises when multiple strain-compatible histories contribute comparably to
final boundary conditions, permitting coherent superposition of deformation paths.

F.6 Measurement as Temporal Boundary Constraint

Measurement interactions impose boundary conditions on permissible temporal deformation con-
figurations.

Collapse of a quantum state corresponds to elastic reconfiguration of allowable strain pathways
consistent with macroscopic stability constraints imposed by the measuring apparatus.

Thus quantum measurement is reinterpreted as topological constraint selection within the tem-
poral deformation field rather than as instantaneous nonlocal state reduction.
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G Entropy, Irreversibility, and Elastic Dissipation of Time

G.1 Entropy in Conventional Physics

In thermodynamics, entropy is defined as a measure of microscopic configuration multiplicity, while
in statistical mechanics it quantifies the logarithm of accessible microstates.

Although entropy increase is well described statistically, no fundamental mechanical reason is
given for why macroscopic systems preferentially evolve toward higher entropy states, nor why
microscopic laws remain time-reversal symmetric while macroscopic behavior is not.

G.2 Temporal Elastic Dissipation

In elastic media, energy stored in deformation tends to dissipate through irreversible redistribution
of strain into incoherent modes.

In TSFT, the scalar time field constitutes a deformable medium in which coherent deformation
modes (shear, torsion) gradually dissipate into incoherent temporal fluctuations.

This dissipation produces a natural arrow of time: systems evolve toward configurations mini-
mizing recoverable temporal strain energy.

G.3 Entropy as Loss of Coherent Temporal Structure

Entropy increase corresponds to degradation of coherent temporal deformation into disordered
micro-deformations distributed across the scalar-time manifold.

Macroscopic irreversibility arises because recovery of coherent deformation from disordered
temporal strain is exponentially improbable.

Thus entropy is reinterpreted as a geometric measure of temporal coherence loss rather than
solely as statistical counting of microstates.

G.4 Decoherence as Temporal Mode Scrambling

Quantum decoherence occurs when coherent phase relationships between histories are disrupted by
coupling to environmental degrees of freedom.

In TSFT, decoherence corresponds to transfer of coherent torsional and shear deformation into
incoherent background temporal fluctuations, scrambling phase relationships.

Thus quantum-to-classical transition corresponds to elastic relaxation of temporal strain rather
than to epistemic loss of information alone.

G.5 Irreversibility from Defect Relaxation

Topological defects may persist for long durations but ultimately relax through emission of strain
radiation and defect recombination.

Matter stability corresponds to metastable defect persistence, while macroscopic processes cor-
respond to gradual decay of large-scale strain structures.

Irreversibility arises because temporal defect annihilation reduces global topological strain con-
tent and cannot be reversed without external work input.

G.6 Cosmological Arrow of Time

The early universe corresponds to an initially low-entropy, highly coherent temporal deformation
state.
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Cosmic evolution corresponds to progressive relaxation of temporal strain into increasingly
disordered configurations, producing monotonic entropy increase.

Thus the cosmological arrow of time arises naturally from elastic relaxation dynamics of the
scalar temporal manifold rather than from special initial conditions alone.

H Antimatter as Opposite Temporal Winding Orientation

H.1 Matter—Antimatter Symmetry in Conventional Physics

Standard quantum field theory treats antimatter as charge-conjugate solutions of relativistic wave
equations, propagating forward in time with opposite quantum numbers.

While CPT symmetry is preserved, the physical origin of antimatter remains mathematically
imposed rather than geometrically explained, and baryon asymmetry remains unexplained within
standard cosmology.

H.2 Temporal Winding Orientation in TSFT

In TSFT, matter corresponds to stable temporal defect configurations characterized by nonzero
torsional winding of the scalar time field.

Antimatter corresponds to identical defect geometries with opposite orientation of temporal
torsional circulation:

wftz:/nti) _ _wl(glatter)' (56)

Thus antimatter is not backward-time matter but oppositely oriented temporal torsion embed-
ded within the same forward-flowing temporal manifold.

H.3 Annihilation as Torsional Cancellation

When matter and antimatter defects interact, opposite torsional windings cancel, releasing stored
deformation energy as propagating radiation.

This corresponds to topological defect annihilation in elastic media, where opposite disclinations
eliminate each other and convert elastic strain into wave excitations.

Annihilation is therefore a geometric relaxation process of temporal strain rather than a de-
struction of physical substance.

H.4 Baryon Asymmetry from Early Temporal Bias

If the early universe possessed a small global torsional bias in temporal deformation orientation,
defect formation during phase transitions would preferentially produce matter-oriented defects.
This bias would be amplified through defect stability selection and annihilation dynamics, lead-
ing naturally to a matter-dominated universe without requiring CP-violating particle processes
alone.
Thus baryon asymmetry arises from initial conditions in temporal elasticity rather than from
symmetry breaking in gauge interactions.
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H.5 Gravitational Behavior of Antimatter

Because gravitational curvature corresponds to temporal expansion rather than torsion, both matter
and antimatter defects contribute positively to bulk temporal compression.

Therefore antimatter gravitates normally, consistent with experimental observations and CPT
constraints.

No gravitational repulsion between matter and antimatter is predicted in TSFT, despite oppo-
site torsional orientations.

I Gauge Symmetry as Redundancy of Temporal Coordinates

I.1 Gauge Symmetry in Conventional Field Theory

In standard electrodynamics, physical observables are invariant under gauge transformations of the
form

A — A+ Vy, O — ¢ — Ox. (57)

Gauge symmetry is typically interpreted as mathematical redundancy in the description of
electromagnetic potentials, yet its physical origin is not explained within conventional frameworks.

1.2 Temporal Coordinate Freedom in TSFT
In TSFT, the scalar time field ©(z) defines temporal ordering, but physical observables depend

only on gradients and deformation of ©, not on its absolute value.
Thus the transformation

0 — 0+ f(2) (58)

represents a reparameterization of temporal coordinates that leaves physical deformation tensors
invariant so long as local gradients and curvature are preserved.

This reflects physical freedom to choose temporal reference surfaces without altering temporal
strain geometry.

1.3 Gauge Potentials from Temporal Reparameterization

When temporal flow is decomposed into scalar and vector components,

V.0 = (8,0,V0) = (o, Ap), (59)

coordinate redefinitions of © induce transformations

Ao —+ Ap +Vyx, P — o — OrX, (60)

which exactly reproduce electromagnetic gauge transformations in the weak-field correspon-
dence regime.

Thus gauge symmetry arises as freedom in temporal coordinate slicing rather than as an abstract
internal symmetry.

19



1.4 Physical Fields as Gauge-Invariant Deformations

Shear and vorticity tensors depend only on derivatives of temporal flow:

Ouv = V(uu,j) — %gh,w, Wpy = V[Mu,j}. (61)

These quantities are invariant under temporal reparameterization and therefore represent phys-
ically measurable deformation modes.

Gauge-dependent potentials serve only as coordinate artifacts of temporal parametrization
rather than as fundamental physical entities.

1.5 Toward Non-Abelian Gauge Structure

If the scalar time field admits multiple coupled phase components or internal temporal layering,
reparameterization freedom generalizes to local rotations in internal temporal phase space.
These transformations naturally generate non-Abelian gauge symmetries, with connection fields
corresponding to gradients of internal temporal orientation rather than independent force carriers.
Thus gauge fields across all interactions may arise from coordinate freedom in higher-dimensional
or multi-component temporal structure rather than from separate fundamental interactions.

1.6 Why Gauge Symmetry Is Exact

Because gauge transformations correspond to coordinate redefinitions of the temporal manifold,
violation of gauge invariance would imply physically preferred temporal coordinate systems.

Such preference would contradict the scalar-time equivalence principle that local temporal de-
formation physics is independent of absolute coordinate choice.

Therefore gauge symmetry is not an approximate dynamical feature but an exact geometric
redundancy of the temporal substrate.

J Physical Constants as Elastic Eigenmodes of the Temporal Man-
ifold

J.1 The Problem of Physical Constants

Modern physics contains numerous dimensionless constants whose values are not predicted by
theory, including the fine-structure constant, mass ratios, and coupling strengths.

These values are typically treated as environmental parameters or anthropic accidents rather
than consequences of underlying dynamics.

A unified theory must explain not only interactions but also why stable quantitative scales exist
at all.

J.2 Elastic Eigenmodes in Continuous Media

In elastic systems, stable oscillations occur only at discrete resonance frequencies determined by
material properties and boundary conditions.

Modes that do not correspond to eigenfrequencies dissipate rapidly, while eigenmodes persist
as long-lived coherent excitations.

Thus discrete stability bands are generic features of deformable media rather than special quan-
tum assumptions.
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J.3 Temporal Eigenstructure in Time-Scalar Field Theory

In TSFT, particles and stable radiation modes correspond to coherent oscillatory or defect-supported
solutions of the scalar time field.

These solutions exist only when deformation frequencies and amplitudes satisfy eigenmode
conditions of the temporal elastic medium:

LoV, = AV, (62)

where Lg is the temporal deformation operator and A, labels stability eigenvalues.
Only eigenmodes lying within stability bands persist against dissipation.

J.4 Coupling Constants as Mode Ratios

Dimensionless constants arise naturally as ratios of elastic moduli and eigenfrequencies of temporal
deformation modes.
For example, the fine-structure constant may be written schematically as

- n ) Wtorsion’ (63)
K Wshear
representing a ratio between torsional and shear response of the temporal manifold.
Such ratios are fixed by internal geometry of the time medium rather than by external environ-
mental selection.

a

J.5 Particle Masses from Defect Resonance Trapping

Mass corresponds to resistance to acceleration, which in TSFT reflects coupling between temporal
deformation and expansion modes.

Stable temporal defects trap specific resonance frequencies, producing effective inertial response
proportional to stored deformation energy:

mCQ N/Udefecth (64)

Different particle species correspond to distinct resonance-trapped defect geometries, leading to
discrete mass spectra.

J.6 Universality of Constants

Because elastic moduli and eigenmode structure are global properties of the scalar temporal man-
ifold, all regions of spacetime share the same deformation spectrum.

Thus coupling constants and particle masses are universal and invariant across cosmic history
except under extreme phase transitions of temporal structure.

Observed constancy of fundamental parameters therefore reflects global stability of temporal
elasticity rather than arbitrary initial conditions.

J.7 Phase Transitions and Apparent Constant Drift

If the temporal manifold undergoes structural phase transitions, eigenmode structure may shift
slightly, producing transient or spatially localized variations in effective constants.
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Such variations would appear as small anomalies in fine-structure measurements, cosmological
spectra, or particle stability thresholds.

Thus TSFT predicts that constants are rigid but not metaphysically immutable, permitting
testable cosmological signatures of temporal elasticity evolution.

K Relativity and Lorentz Invariance from Temporal Elastic Ge-
ometry

K.1 Relativity in Conventional Physics

Special relativity postulates that the laws of physics are invariant under Lorentz transformations
and that the speed of light in vacuum is constant for all inertial observers.

These principles are empirically validated but are not derived from deeper physical mechanisms;
they are assumed as axioms constraining spacetime structure.

General relativity further assumes that spacetime geometry itself is dynamical but does not
explain why Lorentz symmetry remains locally preserved.

K.2 Temporal Flow as the Fundamental Medium

In TSFET, the scalar time field ©(z) defines physical ordering and persistence. Spatial geometry
and metric structure emerge from relations between gradients of temporal flow.

Physical processes propagate as deformation waves in the temporal manifold, with characteristic
propagation speed determined by elastic response of the medium.

This defines a natural invariant signal speed associated with temporal strain transmission.

K.3 Emergence of the Invariant Propagation Speed

Elastic wave propagation speed in a medium is determined by ratios of elastic moduli and inertia
density.

In TSF'T, the propagation speed of shear and torsional temporal deformation is

2 H
c . (65)

where p is the temporal shear modulus and pg is the effective inertia density of temporal flow.

Because these parameters are global properties of the temporal manifold, the resulting propa-
gation speed is universal and observer-independent, giving rise to the invariant speed identified as
the speed of light.

K.4 Lorentz Symmetry from Elastic Isotropy

If the temporal elastic medium is isotropic and homogeneous, deformation propagation is invariant
under rotations and boosts that preserve the deformation interval.

Observers related by uniform relative motion experience identical local elastic response of tem-
poral flow.

Therefore Lorentz symmetry arises as the symmetry group preserving temporal deformation
structure rather than as a fundamental spacetime symmetry imposed externally.
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K.5 Emergent Spacetime Metric from Temporal Gradients

The effective spacetime metric experienced by matter arises from normalization of temporal flow
gradients:

g/i% = Nuv + f(v,u@, vl/@) (66)
Proper time is defined by
dr? = —gShdatda”. (67)

Thus spacetime geometry emerges from the structure of temporal flow rather than existing as
an independent ontological entity.

K.6 Time Dilation as Redistribution of Temporal Strain

Relative motion corresponds to redistribution of temporal deformation between longitudinal and
transverse modes.
Moving systems experience altered temporal strain accumulation along their worldlines:

v2

arising from geometric projection of temporal flow onto observer trajectories within the elastic
medium.

Time dilation is therefore a manifestation of deformation geometry rather than a coordinate
artifact.

K.7 Length Contraction from Deformation Compatibility

Objects in motion must remain compatible with surrounding temporal deformation geometry.
Elastic compatibility conditions require spatial contraction along the direction of motion to
maintain coherent temporal strain coupling, producing

L=Lo/1 v 69
=Loy\/1- 5. (69)

Thus length contraction arises as a necessary geometric adjustment within the temporal elastic
manifold.
K.8 General Relativity as Temporal Compression Dynamics

Gravitational curvature corresponds to large-scale gradients in temporal expansion scalar 6.
Einstein field equations emerge as macroscopic balance laws governing compression and redis-
tribution of temporal strain:

G ~ V,V,0 + nonlinear strain terms. (70)

Thus spacetime curvature reflects geometric response of temporal elasticity to mass-energy
loading.
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K.9 Persistence of Local Lorentz Symmetry

Although global temporal flow may be curved, local neighborhoods of the temporal manifold ap-

proximate homogeneous elastic response.
Therefore local propagation of deformation obeys Lorentz symmetry even in curved regions,

consistent with the equivalence principle.
This explains why special relativity remains valid locally within general relativistic spacetimes.
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