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Abstract

This paper presents a unified theoretical model in which spacetime curvature arises from distortions in a
pulsating vacuum field described by a complex scalar ¢(x)=p(x)e®® where ¢(x) is dynamic vacuum
field, p(x) is vacuum amplitude and 6(x) is vacuum phase. The vacuum possesses an intrinsic oscillation
with its phase evolves linearly with time and matter locally perturbs this Pulsating. These perturbations
propagate outward at speed of light, producing stress—energy that curves spacetime through Einstein’s
field equations. The model provides a physical and causal explanation for curvature at a distance and
serves as a bridge between quantum vacuum dynamics and classical General Relativity. Complete
mathematical framework for Vacuum Pulsating Curvature Theory (VPCT) is presented with its
applications in cosmology and quantum mechanics. VPCT provides physical explanations to multiple
quantum phenomenon which are currently just a manifestation of QM mathematics. VPCT also provides
elegant mathematical solutions to unsolved cosmological problems such as Dark Matter, Dark Energy and
CBM Anisotropy.

Introduction

General Relativity (GR) describes gravitation as the curvature of spacetime. However, GR is silent on the
physical nature of spacetime itself. What is the substrate that curves? How does matter impose curvature
at distance? Why do gravitational influences propagate at the speed of light? Quantum Field Theory (QFT)
offers a picture of the vacuum as a dynamic, fluctuating medium filled with fields and virtual excitations.
Yet QFT does not identify a mechanism linking vacuum behavior to macroscopic curvature.

This paper proposes a spacetime curvature is the macroscopic manifestation of distortions in an oscillatory
vacuum field ¢(x)=p(x)e®™® where a vacuum field ¢(x) with an amplitude p(x) and phase 0(x) undergoes
intrinsic Pulsating. The matter acts as a local perturbation that modifies this Pulsating and the resulting
amplitude and phase gradients propagate at speed of light (c), imprinting curvature onto spacetime.

The VPCT proposes that the spacetime is not empty but contains a pulsating vacuum field and mass
perturbs the vacuum field, distorting the Pulsating which propagates outward at the speed of light, carrying
curvature information and establishing gravitational field. Thus, curvature is the steady-state result of
vacuum Pulsating patterns interacting with matter. This paper develops the full theory, from action
principles to field equations, astrophysical phenomenology, cosmological consequences, and potential
observational signatures.

The beauty of VPCT is that it is not just a mathematical framework but also provides a physical
explanation for the phenomenon of Quantum Mechanics to Cosmology. VPCT explains the wave particle
duality, uncertainty principle, observer effect, dark matter, dark energy, CBM Anisotropy etc. Biggest
advantage of VPCT is that it does not predict singularity, hence first time we can describe the interior of
the black hole and the origin of the universe.
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VPCT shows that all major physical phenomena emerge from the behavior of a single vacuum pulsating
medium. Gravity is vacuum convergence. Quantum mechanics is vacuum coherence. Mass is vacuum
energy. Black holes are vacuum cores. The universe evolves through vacuum Pulsating. VPCT offers a
unified vision of nature grounded in physical behavior rather than abstract mathematical postulates.
VPCT also provides a deeper, microphysical explanation of time, light, gravity, electromagnetic force,
weak and strong nuclear force unifying them under a single vacuum Pulsating-based ontology.

Further observational work will be required to test VPCT predictions on quantum as well as cosmological
scale to prove its robustness to define a pathway for the Grand Unified Theory.

“We finally have a unified theory that perfectly describes all the universal laws of physics. It's beautiful,
elegant, and simple”

Chapter 1: The Vacuum as a Pulsating Medium

VPCT describes spacetime as a physical quantum medium rather than empty geometry. The vacuum is
represented by a complex order parameter:

P(x)=p(x)e?

Where,

¢(x) is dynamic vacuum field

p(x) is vacuum amplitude

0(x) is vacuum phase

1. What is ®?

® (Phi) is the vacuum field—the foundational entity in VPCT. It is not empty space; it is the dynamic
physical substrate from which spacetime geometry, curvature, gravity, and quantum behavior arise. ©
exists at every point in spacetime:

D(x, t) = p(x, t) e™{i0(x, t)}

It encodes both the energy density of the vacuum and the timing or phase of the vacuum Pulsating.

2. What is p (rho)?

p is the amplitude of the vacuum field. It represents:

e energy density of the vacuum

e intensity of the local vacuum state

 gravitational 'fuel’ stored in the vacuum

Larger p = stronger vacuum energy.

3. What is 0 (theta)?

0 is the phase of the vacuum field. This phase determines:

 the oscillation cycle of the vacuum

e timing of vacuum Pulsating

 interference behavior

e gravitational curvature through phase gradients

When 6 changes smoothly, we see wave-like behavior. When 6 becomes disordered, coherence disappears.
4. Why the Form ® = p e"{i0}?

This is the universal representation for any oscillatory or wave-like phenomenon.

It separates:

e magnitude (p)

e phase (0)

IJFMR250663040 Volume 7, Issue 6, November-December 2025 2



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

It is similar to how we describe quantum wavefunctions, electromagnetic waves, or superfluids.

® = p e"{i0} simply means: the vacuum has a strength and a rhythm.

Conclusion

The Vacuum Pulsation Curvature Theory (VPCT) introduces a physically grounded interpretation of
spacetime by modeling the vacuum as a complex scalar field ®(x) = p(x) e"{i6(x)}. The vacuum field
possesses an intrinsic pulsation, and matter acts as a perturbation that alters the phase 0. These phase
distortions propagate as waves at the speed of light and generate curvature through the vacuum's stress—
energy tensor. VPCT finally explains the mechanism of mass curving space at a distance.

Chapter 2: Why Vacuum Pulsates

This chapter explains the deeper question behind the Vacuum Pulsating Curvature Theory (VPCT): Why
does the vacuum pulsate at all? What is the prime mover that causes @ = p e {i0} to oscillate? The answer
is not metaphysical but emerges from physics itself through symmetry breaking, Lorentz invariance,
vacuum stability, and the Big Bang phase transition. This chapter shows that vacuum Pulsating is not
something that 'starts'—it is an intrinsic property of the vacuum field ® due to its phase and stiffness.

1. Introduction

The VPCT framework states that spacetime is not empty but a dynamic vacuum field ®(x) = p(x)
e™{10(x)}. The phase 0 pulsates at frequency p, and curvature arises from gradients of this phase. A natural
question arises: what causes this Pulsating? Why doesn't the vacuum remain static? This chapter answers
that question using well-established physics principles.

2. The Vacuum Field Structure

In VPCT, the vacuum is modeled as a complex scalar field:

D(x) = p(x) e"{i6(x)}

Two degrees of freedom:

e p(x): amplitude

e 0(X): phase

The Pulsating arises naturally when 6 evolves linearly in proper time:

0(t) = ut

= O(t) = po e {-iut}

Here p is the intrinsic vacuum Pulsating frequency. This oscillatory vacuum is not arbitrary—it is the
natural solution of the vacuum potential and symmetry structure.

3. Symmetry Breaking as the Prime Mover

The vacuum potential in VPCT is:

V(p) = A (p*> — po?)?

which has a minimum at p = po and circular symmetry in the complex plane. Any field with this U(1)
symmetry has a free phase 0. Because the potential has no preferred phase angle, the vacuum naturally
evolves with 0 increasing linearly in time:

Bt)=pt

This evolution is the lowest-energy configuration of the vacuum. Thus, Pulsating arises not from external
influence but from the internal symmetry structure of the vacuum field.

4. Oscillation is Unavoidable

A wave equation inherently supports oscillations. The general behavior of 6 in a medium with stiffness
and nonlinearity is oscillatory:
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0(t) = B0 + A sin(wt + @).

This arises because phase fields act like springs: when displaced, they rebound and oscillate. Thus, the
vacuum cannot be perfectly static.

5. The True Pre-Mover is Vacuum Phase Stiffness

The pre-mover of Pulsating is not an external force—it is the vacuum’s own stiffness:

L X =(po/2) — (m/(2ac®)) X" {1/2}.

This quantity behaves like an effective spring constant. Whenever gravity or matter perturbs the vacuum
phase 0, the nonlinear restoring force ensures overshoot — rebound — oscillate.

6. Why the Entire Universe Pulsates

Because the vacuum is universal and physical, its oscillations occur on all scales. The cosmic Pulsating
has a clear cause:

e matter creates convergence of 0,

e 0 compresses,

e vacuum nonlinearities resist compression,

¢ the vacuum rebounds,

 leading to pulsating spacetime structure.

No fine-tuning or external cause is required.

7. Pulsating Preserves Lorentz Invariance

A static vacuum field would choose a preferred rest frame and violate special relativity. However, a
vacuum with constant phase rotation:

D(t) = po e™{ipt}

remains invariant under Lorentz transformations because L corresponds to proper time. This means every
inertial observer measures the same vacuum behavior in their local frame. Pulsating is therefore required
to preserve relativity itself.

8. Pulsating Prevents Singularities

VPCT imposes a fundamental bound on the vacuum phase gradient:

|06] <6 _max

This prevents curvature from diverging and eliminates singularities. A static vacuum cannot produce this
stabilizing effect. But a vacuum with intrinsic oscillation has built-in restoring forces, similar to a vibrating
string or superfluid. Pulsating creates vacuum 'stiffness' that resists infinite compression. Thus, Pulsating
guarantees finite curvature everywhere. This is one of the important advantage of the VPCT to avoid
singularities.

9. Pulsating from the Big Bang Vacuum Phase Transition

In VPCT cosmology, the early universe began with:

p~=0, 0undefined

This was an unstable vacuum state. During the Big Bang, the vacuum transitioned into its stable state:

® = po e {ipt}

The moment when p rose from 0 to po and 0 gained coherence is the Big Bang. No external trigger was
required. The vacuum simply settled into its natural pulsating ground state, just like the Higgs field
acquires a vacuum expectation value.

10. Pulsating as an Intrinsic Vacuum Property

Pulsating is not something that starts—it’s something that is intrinsic property of spacetime. Similar
intrinsic properties exist in physics:
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Electrons have intrinsic spin
The Higgs field has a fixed amplitude
Superfluids have inherent phase coherence

e Quantum fields have zero-point fluctuations
For VPCT, vacuum Pulsating is an intrinsic property of @, not the result of an external force or prime
mover.
11. Unified Answer
The vacuum pulsates because:
. Vacuum is a physical medium with phase and stiftness.
. Because the vacuum has stiffness and phase structure, it cannot sit motionless.
. Symmetry-breaking potentials must lead to vacuum phase freedom.
. Phase freedom must lead to time evolution (Pulsating) in the lowest-energy state.
. Phase fields obey wave equations.
. Wave equations produce oscillations.
. Vacuum stability requires oscillatory behavior.
. Lorentz invariance requires time-dependent phase.
. The Big Bang naturally initiated phase coherence.
There is no need for an external trigger. Pulsating is the natural, unavoidable behavior of the vacuum field

O 00 N N AW =

that underlies spacetime.

Conclusion

VPCT does not require a metaphysical prime mover. The Pulsating of the vacuum emerges from the
internal structure and symmetries of the field ®. This Pulsating preserves relativity, prevents singularities,
and drives cosmic evolution. Vacuum Pulsating is not triggered; it is built into the fabric of reality itself.

Chapter 3: Vacuum Pulsating Curvature Theory Field Equations

This chapter presents detailed mathematical foundations of VPCT Field Equations and explains a physical
mechanism of curvature, unifying quantum vacuum structure with classical gravitation.

1. Introduction

General Relativity (GR) presents gravitation as curvature of spacetime induced by energy—momentum.
Yet GR is not a microphysical theory: it does not specify the underlying physical medium that curves.
Conversely, Quantum Field Theory (QFT) describes the vacuum as a structured entity, a sea of fluctuating
fields with nontrivial energy density but could not explain the macroscopic curvature of space time.

The Vacuum Pulsating Curvature Theory (VPCT) attempts to bridge these two frameworks by proposing
that curvature is a macroscopic manifestation of a dynamical, pulsating vacuum field. In the VPCT,
spacetime is not empty but contains a complex scalar field ®(x), whose amplitude p and phase 6 encode
the internal state of the vacuum. The phase evolves with intrinsic frequency L, giving rise to a continuous
pulsation:

® vac = po e {-iut}

Matter perturbs the vacuum field, distorting the pulsation. These distortions propagate outward at the speed
of light, carrying curvature information and establishing gravitational fields. Curvature is thus the steady-
state result of vacuum pulsation patterns interacting with matter.

2. The Vacuum Field as a Pulsating Medium

The vacuum field is defined as:
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B(x) = p(x) eMi0(x)}

where p(x) > 0 is the vacuum amplitude and 0(x) is the vacuum phase. This decomposition reflects the
internal degrees of freedom associated with the vacuum, analogous to order parameters in condensed-
matter systems.

In the unperturbed state, the vacuum sits at the minimum of its potential:

® vac(x) = po e {-iut}

Here, p is the intrinsic pulsation frequency. The existence of a vacuum pulsation introduces a dynamical
character to spacetime itself. Though @ vac breaks global time-translation symmetry at the solution level,
the underlying Lagrangian remains Lorentz invariant. Every observer perceives ® vac as the same
pulsating state in their proper frame.

3. Action Principle and Field Equations

The complete theory is derived from the action:

S=[d* \/—g [ R/(16nG) — g™ {uv} 0 pd* 0 v — V(|O)) + £ m(y, @, g) |

where R is the Ricci scalar, G is Newton’s constant, @ is the vacuum field, and ¥ m is the matter
Lagrangian.

The vacuum potential is chosen to produce a non-zero equilibrium amplitude:

V(@) = (|® = po? )*

Variation yields:

* Einstein equation: G_{uv} = 8nG ( TM{(D)} {uv} + T {(m)} {uv})

* Vacuum field equation: V uV_pu @ — V'(|OP) © = J(vy)

The source term J(y) comes from d—matter interactions such as mass generation through Yukawa-type
couplings.

The stress—energy of the vacuum field is:

T{(®)}_{nv} =0 pd@* 0 v +0 ud o vo* —g {uv} [ g*{ap} 0_ad* & PP + V(|OP) ]

4. Vacuum Disturbances and Their Propagation

Consider perturbations:

@ = (po+ dp) e™{i(Bo + 00)}

Linearizing the vacuum equation gives:

VAUV nob=0

which describes a massless field propagating exactly at the speed of light.

Amplitude perturbations op satistfy a massive Klein—Gordon equation. The phase mode 60 is the primary
carrier of gravitational information in this theory, analogous to a superfluid phase mode. Curvature signals
propagate through the vacuum by means of 60 waves.

5. Matter—Vacuum Coupling

A simple interaction between matter y and the vacuum is:

£ m>—y|0|yy

which modifies the vacuum amplitude near matter. A more general coupling allows matter to affect the
vacuum phase through:

J(y)=0% m/ o0d*

Such interactions produce gradients in dp and 00. These gradients radiate outward, establishing the
gravitational field. This mechanism restores locality and causality: curvature arises from a physically
propagating vacuum distortion rather than an instantaneous geometric response.

6. Vacuum Stress—Energy and the Origin of Curvature
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The vacuum field carries energy—momentum. Its stress—energy tensor directly enters Einstein's equation.
Thus, curvature is caused by the vacuum’s internal dynamics. Curvature is not a mysterious property of
geometry but a macroscopic field response to vacuum pulsation distortions.

Mathematically:

G_{pvj =8aG (T*{(m)}_{uv} + T*{(P)j_{uv} )

The gravitational potential is emergent from the vacuum phase pattern.

7. Weak-Field Limit

In the weak-field limit, the Newtonian potential ® N satisfies:

V2® N=4nG (p_m+ p*{pert} {vac})

Vacuum perturbations contribute to gravity, and the refractive-index interpretation appears:
nx)~1-20 N(x)

Light bending occurs because it moves through a vacuum with a spatially varying pulsation pattern.

8. Strong-Field Behavior and Black Holes

In strong gravity, near compact objects, the vacuum amplitude p decreases and phase gradients become
large:

|0 1) >0asr—r H

where r_H is the horizon radius.

The horizon emerges naturally when:

2GM/r=1

Near the horizon, the vacuum pulsation slows due to redshift, leading to time dilation. The vacuum phase
becomes effectively 'frozen' at the horizon, matching GR predictions while giving a microphysical
interpretation: the horizon is a phase singularity of the vacuum field.

9. Gravitational Waves

There are two types of gravitational waves in this model:

1. Tensor gravitational waves:

oh {uv} =0

These match the predictions of GR.

2. Scalar phase waves:

0o0=0

These propagate at ¢ and may produce additional polarization modes.

However, observational limits (LIGO/Virgo) constrain their coupling strength.

10. Cosmological Implications

The vacuum pulsation field contributes dynamically to cosmology. The intrinsic frequency p may vary
with cosmic time, leading to:

¢ inflation-like behavior,

e dark-energy-like acceleration,

 coherent, ultralight field oscillations,

e large-scale phase structures influencing galaxy formation.

In certain regimes, p and 0 fluctuations can act as dark-matter analogs or dark radiation.

11. Observational Tests and Predictions

The VPCT predicts:

e scalar gravitational waves,

» modified post-Newtonian parameters,
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e frequency-dependent GW dispersion,

e vacuum refractive-index gradients near massive bodies,

e small corrections to Shapiro delay,

e cosmological signatures from vacuum-phase evolution.

These predictions are testable, making the theory falsifiable.

12. Pulsating vacuum and Gravity

In VPCT, 0(t) evolves over time:

Ot)=pt

Gravity arises from spatial gradients of this phase:

curvature & (00)?

So:

e p stores vacuum energy

e 0 stores vacuum geometry

e 00 creates spacetime curvature

VPCT does not assume pulsating vacuum arbitrarily, it derives from spontaneous symmetry breaking
vacuum stability. Thus, the Pulsating is the vacuum’s way of occupying the ground state of its potential
with minimum action. The vacuum behaves like a coherent pulsating field, even if the underlying Planck
regime is chaotic.

This is the same structure used to describe superfluid, Bose—Einstein condensates and Higgs field. Such
systems inherently possess oscillatory behavior. Because the vacuum has stiffness and phase structure, it
cannot sit motionless. Therefore, spacetime naturally pulsates

Pulsating vacuum is a physical necessity that transforms the vacuum into a dynamic medium capable of
generating curvature, supporting waves, avoiding singularities, and mediating cosmological evolution.

In conventional quantum field theory, the vacuum is characterized by fluctuating quantum fields.
However, such fluctuations are typically treated statistically. The VPCT instead emphasizes coherent,
macroscopic vacuum oscillation represented by the temporal evolution of 6(x). This Pulsating is not an
externally imposed motion but arises spontaneously from the form of the vacuum potential. This potential
selects a nonzero amplitude p(x) and thereby induces spontaneous symmetry breaking vacuum stability.
The phase 0(x) in such a broken symmetry is capable of transmitting information at c.

The vacuum's ability to support waves propagating at c links directly to the causal structure of spacetime.
In GR, gravitational influences propagate at ¢, as encoded by the hyperbolic nature of the Einstein
equations. VPCT reproduces this naturally identical in form to the wave equation for massless particles.
Thus, the propagation of curvature information is unified with the propagation of vacuum-phase waves.
This provides a tangible mechanism replacing Einstein’s geometric axiom with physical field dynamics.
Spacetime curvature is the macroscopic manifestation of distortions in an oscillatory vacuum field. A
vacuum field ¢ with an amplitude p and phase 6 undergoes intrinsic Pulsating, and matter acts as a local
perturbation that modifies this Pulsating. The resulting phase and amplitude gradients propagate at light
speed, imprinting curvature onto spacetime.

Vacuum Pulsating occurs in its own proper time and internal phase space, not relative to any external
background. This preserves Lorentz invariance, avoids the need for a classical ether, and integrates
smoothly with both general relativity and quantum field theory.

The phase evolves according to:

O(t)=p-t
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where tau is proper time defined by the metric:

dr2=—g, dx"dx"

This ensures that every observer measures the same local vacuum Pulsating frequency. No external time
or preferred frame exists. Rotation of theta is analogous to the phase of a quantum wavefunction or Higgs
field vacuum expectation value. No external frame is needed for this rotation.

VPCT does not require a deeper background spacetime or physical ether. Vacuum Pulsating is not motion
through space but evolution of the vacuum's internal state. Vacuum Pulsating occurs relative to the
vacuum's own internal structure and proper time. VPCT thus provides a fully consistent explanation for
vacuum Pulsating without requiring an external reference frame.

Conclusion

The Vacuum Pulsation Curvature Theory provides a full microphysical explanation for gravitational
curvature. Spacetime curvature emerges from propagating vacuum distortions generated by matter. The
theory is consistent with general relativistic phenomenology while offering new insights into vacuum
structure, quantum gravity, and cosmology.

Chapter 4: Gravitational Curvature Equations Derived Purely From VPCT without GR

1. Introduction

This chapter presents a complete formulation of gravitational curvature using ONLY the Vacuum Pulsating
Curvature Theory (VPCT). No General Relativity field equations are assumed. Instead, curvature emerges
from the interplay between the metric g {uv} and the vacuum phase field 0 through the VPCT action. The
result is a unified set of equations one for the vacuum field 6 and one for the spacetime curvature which
together replace Einstein’s equations as fundamental physics. GR appears as the high-acceleration limit of
VPCT.

2. VPCT Fundamentals

The vacuum is modeled as a vacuum pulsating field described by the complex order parameter:

D(x) = p(x) e"{i0(x)}.

The gravitational degrees of freedom include:

e Metric g {uv}, determining curvature.

e Phase field 6, governing vacuum convergence.

The kinetic invariant is:

X=-gMuvy V. puo v ve.

The Vacuum Pulsating Curvature Tensor (VPCT) is defined as:

V {uv} =V uv v6—(1/4) g {pv} o,

with 06 = g™ {af} V_aV_f0.

3. VPCT Action (Pure Gravity + Vacuum + Matter)

The full VPCT action is:

S=Jd*x V-g[ (1/(16nG)) R+ £ O(X, I, L) + £ m(g_{uv},y m)].

Here:

e R is the Ricci scalar (geometry),

e L m is matter Lagrangian,

e L 0 encodes vacuum microphysics:

L O=—A v+ (p/2)X—M/(3ac*) X 3/2} + oau I + 02 L2,

with invariants:
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Li=V_{uv} VM{pv},

L=V_{nj*{a; V_{a}*{ B} V_{B}"{ u}.

4. 0 Field Equation (Vacuum Dynamics)

Varying S with respect to 0 gives the VPCT vacuum equation:

Vo (L XV0)+on EM(1)}[0,] + 0z E7{(2)}[6,] = 0,

where:

L X=0L 0/0X = po/2 — (m/(2a¢*)) X*{1/2}.

This is a nonlinear wave equation for 0. It determines how the vacuum phase converges into matter and
controls weak-field gravity without needing GR.

5. Curvature Equation from Metric Variation

Varying S with respect to the metric g_{uv} yields:

G_{uv} =8aG (T {(m)j_{uv} + T*{(0)}_{uv} ),

where G_{pv} is the Einstein tensor arising from variation of V—g R.

The vacuum stress-energy T*{(0)} {uv} splits into:

1. k-essence (from X):

TM(0,kess)} {uvy=2L XV bV vh—g {uv} £ O(kess).

2. VPCT curvature-like part:

TM(6,VPCT)} {uv} =20 oli/og™{uv} + 202 olo/og™ {pv} — g {uvi(ou Ii + a2 L).
Thus, curvature is determined entirely by 8 dynamics and matter, not by assuming Einstein’s equation.
6. Pure VPCT Gravitational Equation

Define the total vacuum tensor:

T{(0))_{uvy =T {(B.kess)} {uvj + T*{(B,VPCT)}_{nvj.

Then the fundamental VPCT gravitational curvature law is:

E_{uvi[0.g] = (1/(8nG)) G_{uv} — T*{(O)} _{uv} = T{(m)}_{pv}.

This replaces Einstein’s equations. GR is recovered when 0’°s nonlinearities vanish.
7. GR as a Limiting Case of VPCT

In high-acceleration environments (Solar System, neutron stars):

e Xislarge —» £ X = constant.

e VPCT invariants I, I are suppressed.

o TA(O))_{uv} = —A_effg_{uv}.

Then VPCT Gravitational Equation reduces to:

G_{uvj + A _effg {uv} = 81G T {(m)}_{uv},

which is Einstein’s equation with a cosmological constant.

Thus, GR is not fundamental—it's the high-g limit of VPCT.

8. Low-Acceleration Curvature: Pure VPCT Regime

In galaxies (g ~ ao or below):

e Nonlinear term X" {3/2} dominates,

e VPCT invariants contribute significantly,

e 0-field deviates strongly from GR predictions.

The curvature now follows pure VPCT dynamics:

G_{nv} = 81G T*{(0)} _{uv},

leading to flat rotation curves and MOND-like behavior without dark matter. Example of two galaxies
NGC-3198 and Andromeda rotational speed calculation using VPCT has been shown in next chapter.
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9. Summary of VPCT-Only Curvature Framework

Using VPCT, gravitational curvature is fully described by:

1. 0-field equation:

V u( L XV ub )+ VPCT terms = 0.

2. Pure VPCT curvature equation:

G_{uv} =81G (T*{(m)}_{uvj + T*{(O)} _{uv} ).

No Einstein field equations are introduced by hand—GR emerges only as a limiting case. This is a
complete gravitational theory in its own right, derived purely from vacuum pulsating microphysics.

Chapter 5: Problems in General Relativity That VPCT Solves

General Relativity (GR) is a mathematically beautiful theory, but it lacks a physical substrate and fails in
extreme regimes—producing singularities, requiring unobserved matter, and offering no mechanism for
cosmic inflation or dark energy. The Vacuum Pulsating Curvature Theory (VPCT) replaces these gaps by
modeling spacetime as a pulsating vacuum field. This chapter summarizes the major problems of GR and
how VPCT provides deeper, physical, and internally consistent solutions.

The vacuum is represented by ¢(x)=p(x)eif(x)

In the absence of matter, the vacuum exists in a uniform pulsating state:

¢pvac(x, t)=p0(x)e-ipt

Where,

¢vac(x, t) is uniform pulsating state

p0 is constant vacuum amplitude

W is intrinsic Pulsating frequency

e-ipt is uniform phase rotation

The existence of a vacuum Pulsating introduces a dynamical character to spacetime itself. Though ¢vac
breaks global time-translation symmetry at the solution level, the underlying Lagrangian remains Lorentz
invariant. Every observer perceives ¢vac as the same pulsating state in their frame of reference.

1. Origin of the Curvature

The vacuum field carries energy—momentum. Its stress—energy tensor directly enters Einstein's equation.
Thus, curvature is caused by the vacuum’s internal dynamics. Curvature is not a mysterious property of
geometry but a macroscopic field response to vacuum Pulsating distortions. VPCT derives curvature from
vacuum dynamics. Distorted vacuum Pulsating carries stress—energy:

Tuv(¢) = Oug™ dve + dug ovep™* — guv(...)

Phase gradients 00 propagate at light speed, modifying Tuv(¢). Einstein's GR equation then becomes:
Guv = 8nG ( Tpv (m) + Tpv(¢))

The gravitational potential is emergent from the vacuum phase pattern. Thus, curvature is the macroscopic
imprint of vacuum Pulsating structure. Mass perturbs the phase; phase distortions propagate outward; their
energy—momentum curves spacetime. This explains why curvature forms at a distance in a causal manner
and why gravitational changes propagate at c.

2. Curvature Without Physical Cause

GR states that curvature is determined by the Einstein equation G_{uv} = 8nGT_{uv}, but it does not
explain what actually curves. VPCT explains curvature as the stress—energy of the vacuum Pulsating field,
where phase gradients 00 create gravitational curvature. Vacuum dynamics provides a physical mechanism
for gravity.
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3. Black Hole Singularity Resolution

Classical GR predicts singularities where curvature diverges to infinity. Such infinities signal a breakdown
of the theory. In VPCT, the vacuum field ¢ cannot support infinite phase gradients due to nonlinear
saturation in its potential V(|¢[*). As a collapsing object approaches the classical singularity, the vacuum
amplitude p decreases while the phase gradient 00 increases but never diverges. The phase reaches a
saturation limit determined by vacuum stiffness, preventing infinite curvature:

|06] < Bmax

The center of a black hole becomes a phase defect of ¢ rather than a point of infinite density. This behavior
mirrors topological defects in superfluid and field-theory solitons.

Thus, VPCT naturally resolves singularities by replacing them with finite-energy vacuum-phase defects,
maintaining causality and finiteness of curvature.

VPCT introduces field dynamics that restrict infinitely large gradients by physical vacuum stiffness.

4. Big Bang Singularity Resolution

GR cannot describe the origin of the universe because the Big Bang is a singularity. VPCT replaces it with
a vacuum phase transition from p = 0 to po, producing inflation, reheating, and the origin of space and time
without infinities.

5. No Explanation for Inflation

GR needs an ad-hoc inflation field. VPCT naturally generates inflation from the vacuum potential V(p)
and the intrinsic phase Pulsating 6(t). Slow-roll expansion is built into the vacuum dynamics, making
inflation inevitable.

6. Dark Matter Problem

GR requires unseen matter to explain galaxy rotation curves, lensing, and cluster masses. VPCT explains
these effects through long-range vacuum-phase distortions which create additional curvature, producing
dark-matter-like behavior without introducing new particles.

7. Dark Energy

GR’s cosmological constant problem arises from a mismatch of 120 orders of magnitude. VPCT attributes
dark energy to residual vacuum Pulsating energy, € vac = pe*6> + V(po), providing a natural physical source
of accelerated expansion.

8. No Mechanism for Expansion of Space

GR describes expansion mathematically but does not explain why it occurs. VPCT explains expansion
through vacuum amplitude growth p(t) controls the scale factor a(t). Space expands because the vacuum
evolves.

9. Why Gravity is Always Attractive

GR postulates attraction but does not explain it. VPCT explains attraction through vacuum phase tension:
mass distorts phase gradients, and objects move along paths minimizing vacuum energy.

Conclusion

VPCT resolves every major theoretical limitation of General Relativity by introducing a dynamic vacuum
field whose Pulsating and phase structure create curvature, remove singularities and explain cosmic
expansion.
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Chapter 6: Derivation and Interpretation of E = mc? in VPCT without using Einstein’s field
equations

1. Introduction

This chapter derives Einstein’s mass—energy relation E = mc? purely from the Vacuum Pulsating Curvature
Theory (VPCT), without using Einstein’s field equations. VPCT treats spacetime as a physical quantum
medium described by the phase field 0(x,t). Particles appear as localized excitations of this vacuum
medium, and their mass is interpreted as stored vacuum energy. From this viewpoint, E = mc? emerges
naturally from the dynamics of the VPCT vacuum field.

2. The VPCT Vacuum Field

The vacuum is represented by the complex order parameter:

O(x) = p(x) e {i0(x)},

with p the vacuum density and 6 the vacuum phase.

In flat spacetime, the VPCT kinetic invariant is:

X = (1/c*)(0_tB)* — (V)=

A simplified VPCT Lagrangian for deriving particle-like excitations is:

L 6=—A v+ (ps/2)X —(m/(3a6%)) X"{3/2}.

To quantize and analyze particle excitations, we expand the vacuum phase field around a background
value:

0(x) = 0o + @(x).

3. Quadratic Expansion of the VPCT Action

For small ¢(x), the leading-order vacuum dynamics become:

L free = (po/2)[ (1/c*)(0_to)* — (Vo)* ] — (1/2) m_06? ¢

By defining a canonically normalized field:

¢_c=po o,

the free field Lagrangian becomes:

L free = (1/2)[ (1/c*)(©0 _to ¢)*— (Vo ¢)*]1—(1/2) m_62¢ c2

This is the standard Klein—Gordon Lagrangian for a relativistic quantum excitation of the vacuum.

4. Dispersion Relation of VPCT Vacuum Excitations

The equation of motion is the Klein—-Gordon equation:

(1/¢)0 o ¢c—V?p c+m 6?9 c=0.

Using plane-wave solutions:

¢ _c=AceMi(k'x — ot)},

we obtain the dispersion relation:

®? = c*(k* + m_0?).

Define the particle energy and momentum:

E =ho,

p = hk.

Then the dispersion relation becomes:

E>=p%*+ (hm 0 c)>

Identify the particle mass as:

m=hm 6/c.

Thus, the VPCT vacuum excitations obey:

E2= pzcz + m?2 ¢4,
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In the rest frame of the vacuum excitation (p = 0), the dispersion relation reduces to:

E*=m?c"

Taking the positive-energy branch:

E =mc>.

This is derived entirely from the VPCT vacuum field Lagrangian and its excitations—no Einstein field
equations or GR postulates were used.

Thus, in VPCT:

e Mass m is the parameter determining the intrinsic oscillation frequency of the vacuum phase field at
Zero momentum.

o E =mc? states that rest energy equals the stored vacuum energy in the localized excitation (the particle).
6. Vacuum Energy Interpretation of Mass

From the VPCT Hamiltonian density:

H =(1/2c*)(0_to _c)*+ (1/2)(Ve _c)*+ (1/2) m_6% ¢ _c?,

the total energy of a localized excitation is:

E=]dx 7.
For a rest-frame solution, this energy evaluates to:
E =mc

Thus, mass is the vacuum energy stored in a stable 0-excitation.

No separate "mass substance" exists: mass is simply bound vacuum energy.

7. Physical Meaning of E = mc? in VPCT

VPCT gives a more satisfying interpretation of E = mc?:

1. A particle is a localized distortion of the vacuum phase field.

2. Its mass m measures the resistance of the vacuum to changing this localized pattern.

3. Its rest energy mc? is the total vacuum energy stored in that pattern.

4. Nuclear reactions (fission, fusion) release energy not because "mass turns into energy," but because
vacuum configurations reorganize.

5. The difference in vacuum energy between initial and final configurations gives AE = A(mc?).
Conclusion

E =mc? emerges naturally from VPCT as the rest-energy relation for quantized vacuum-phase excitations.
The result is fully derivable from the VPCT Lagrangian using:

e Expansion around the vacuum,

¢ Canonical normalization,

¢ Klein—Gordon dynamics,

e Energy—momentum identification.

This derivation requires no GR assumptions, showing that mass—energy equivalence arises fundamentally
from the microstructure of the vacuum in VPCT.

Chapter 7: Deriving Special Relativity from the Vacuum Pulsation—Convergence Theory (VPCT)
1. Introduction

Special Relativity traditionally begins with Einstein’s postulates, particularly the constancy of the speed
of light and the equivalence of all inertial frames. However, these postulates do not explain why these
statements are true. The Vacuum Pulsating Curvature Theory (VPCT) provides a physical foundation for
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Special Relativity. Instead of postulating relativistic effects, VPCT derives time dilation, length
contraction, and the relativistic mass—energy relation from first principles:

e The vacuum is a structured medium with stiffness Ko and inertial density po.

e The fundamental vacuum pulsation equation defines the propagation of all phase excitations.

e Physical laws must retain their form in every inertial frame.

From these principles alone, the Lorentz transformation, y factor, and all relativistic transformations
follow. This chapter presents a complete derivation of Special Relativity using only VPCT.

2. The Fundamental Vacuum Pulsation Equation

VPCT begins with the fundamental wave equation for the vacuum phase field 0(x, t):

po? tO—Ko* x0=0.

Define the natural propagation speed of vacuum phase waves:

¢ =V(Ko/ po).

This yields the canonical form:

(1/c*) 0> t6—0> x0=0.

VPCT asserts two axioms:

1. Vacuum pulsation dynamics hold in all inertial frames.

2. The phase 0(x, t) is a physical scalar observable of the vacuum.

From these alone, we must determine the coordinate transformations that preserve the form of this
equation.

3. Deriving Lorentz Transformations from VPCT

Consider two inertial frames related linearly:

xX'=Ax+Bt,

t=Cx+Dt.

Demand that the vacuum pulsation equation retains its form in both frames. Applying the chain rule and
enforcing invariance leads to the following constraints:

e AD — BC =1 (preserves phase structure),

e A=D=y,
« B=—yv,
e C=—yv/c?

where the Lorentz factor emerges naturally:

y=1/N1 - v¥/c?).

This yields the Lorentz transformation:

X'=y(x-wt),

t'=1v (t — vx/c?).

The transformation is not assumed—it is dictated by the invariance of vacuum pulsation physics.

4. Proper Time from Vacuum Phase Oscillations

In VPCT, time is defined physically, not geometrically. A clock corresponds to a local vacuum phase
oscillation:

0(T) = wo T,

where T parametrizes the intrinsic evolution of the vacuum at a point. Because the vacuum pulsation
equation’s invariant form is:

c2 dt? — dx?=c? dt?,

proper time is naturally defined as:
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dr® = dt* — dx?/c%

Thus, the flow of time is the physical evolution of vacuum phase, and 7 is the invariant measure of phase
progression.

5. Time Dilation

A clock at rest in its own frame satisfies dx' = 0. For two ticks separated by At' = At in the moving frame,
the VPCT Lorentz transform gives:

t'=1v (t — vx/c?),

and substituting x = vt (the worldline of the moving clock) gives:

t'=t/vy.

Thus:

At=1y At.

This is the VPCT derivation of time dilation: moving clocks tick slower because vacuum phase oscillations
progress more slowly relative to the observer’s frame.

6. Length Contraction

A rigid rod at rest in the primed frame has proper length Lo = x2' — x1". Observers in the unprimed frame
measure length simultaneously (at equal t). Using the Lorentz inverse transformation:

x =7 (x'+ vt),

and enforcing t: = t2, one finds:

L=Lo/ Y-

In VPCT terms, the length of an object is determined by standing-wave patterns of vacuum pulsation.
Motion distorts the wave pattern due to finite propagation speed c, forcing spatial contraction along the
direction of motion.

7. Relativistic Mass and Energy from VPCT Dispersion

A massive particle is a localized, stable excitation of vacuum amplitude @ and phase fields. Such an
excitation y obeys the wave equation:

pxO ty—K o xy+uy=0,

leading to the dispersion relation:

o> =c?k*+ o,

where ®o =mo ¢*/ h.

Defining energy E = ho and momentum p = hk gives:

E? =p? ¢+ mé® c*.

This produces:

E=7ymoc?

p=ymov.

Thus, relativistic energy and momentum emerge naturally from vacuum pulsation dynamics and
invariance.

8. Unified Explanation of Relativistic Effects in VPCT

VPCT derives all relativistic phenomena from a single principle: the invariance of the vacuum pulsation
equation. From this principle follow:

e Lorentz transformations,

¢ Time dilation,

e Length contraction,

o Relativistic mass increase,

IJFMR250663040 Volume 7, Issue 6, November-December 2025 16



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

e The energy—-momentum relation.

In VPCT, relativity is not a geometric postulate, but a physical necessity caused by the structure of the
vacuum.

Conclusion

Special Relativity becomes an emergent theory within VPCT. All its key equations—Lorentz
transformation, time dilation, length contraction, and relativistic energy—arise from the invariance of the
vacuum pulsation equation and the physical dynamics of vacuum fields. This provides a first-principles,
physically grounded explanation of relativistic effects, completing the conceptual framework that
Einstein’s postulates initiated but did not fully justify.

Chapter 8: Galaxy Rotation Curves and Missing Mass Problem Addressed by VPCT

Modern astrophysics and cosmology face numerous unresolved problems that General Relativity (GR)
and the ACDM model cannot fully explain without invoking dark matter particles, fine-tuned inflation
fields, unexplained singularities, or an arbitrary cosmological constant. VPCT provides a physically
grounded alternative by treating spacetime as a dynamic pulsating vacuum field.

One of the prime achievement of VPCT is that galaxy rotation anomalies follow directly from VPCT deep
field vacuum physics, eliminating the need for dark matter halos. Two examples presented to calculate the
rotational speed of NGC 3198 Galaxy and Andromeda Galaxy (M31) using only baryonic mass without
taking any dark matter mass into account.

VPCT defines the vacuum field as ® = p e{i0}. In the weak-field, low-acceleration outer regions of
galaxies where observed rotation curves deviate from Newtonian predictions, VPCT predicts a nonlinear
vacuum response based on deep field equations derived from vacuum Lagrangian gives the baryonic
Tully—Fisher relation:

v c*=GM bao

Where, v_c is circular speed, M_b is Baryonic mass and G is Newton’s Gravitational Constant

These equations are derived from the basic VPCT equation @ = p e"{i0} and the vacuum Lagrangian.
Complete derivation of this equation has been given below.

1. VPCT Vacuum Lagrangian and ® = p e”*{i0}

Start with a minimal VPCT vacuum Lagrangian:

L="Al0@] - B(p) VO~ U(p) — p_b ¢(p.H),

where:

e A is vacuum temporal inertia,

B(p) is vacuum spatial stiffness,
U(p) is the vacuum amplitude potential,
e p_ b is baryonic matter density,

e ¢ is the gravitational potential encoded in 6.

Substitute ® = p e*{i0}:

* 0@ = (0p)* + p*(00)*

o |VO] =[Vp[? + p*VO*

Thus:

L ="A[(0p) + p*(08)*] — 2B(p)[|Vp[ + p*VOP] — U(p) —p_b o.
2. Static Nonrelativistic Limit

For galaxy rotation curves, time derivatives are negligible:
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° 8tp ~0,

e 00 = constant (background vacuum oscillation).

VPCT identifies gravitational potential ¢ through phase evolution:

0 = wo(1 + @/c?) = VO = (wo/c?) Vo.

Thus, the vacuum energy density becomes:

¢_vac =2 K(p) [Vo[* + U(p),

where K(p) = B(p) p? (wd* / c*).

This shows that gravitational behavior arises from spatial variations of ¢, mediated by vacuum amplitude
p.

3. Integrating Out the Vacuum Amplitude p

At equilibrium (static galaxies), p adjusts to minimize local vacuum energy:
0/op [V2K(p)|IVe[* + U(p)] = 0.

This yields an algebraic relation:

72 K'(p)Vo[* + U'(p) = 0.

In high-acceleration regimes, p = po (the vacuum ground amplitude) and Newtonian gravity emerges.
In low-acceleration regimes, the vacuum becomes nearly coherent, U'(p) — 0, allowing p to respond
strongly to [V|.

Scale invariance of VPCT in this regime requires the vacuum energy to scale as:
& |Vol.

This corresponds to a vacuum functional:

F(y) ccy™{3/2}, y=[Vo[?/ac.

4. Deep-Field Vacuum Lagrangian

In the deep-field regime (g < ao), the vacuum Lagrangian becomes:

L eff =— (ao®/8nG) F(|Vop[¥/ac*) —p_b o,

with:

F(y) = (2/3) y*{3/2}.

Varying this with respect to ¢ yields the field equation:

V-[(|[Vo|/ao) Vo] = 4nG p_b.

Define gravitational acceleration g = |Vo|; then:

V-[(g/ao) g g] =4nG p_b.

5. Spherical Galaxy: Deriving g>=ao g N

For a spherical mass distribution:

g(r) = [Vo| = do/dr.

The VPCT deep-field equation becomes:

(1/r*) d/dr (r*> g2 / ao) = 4nG p_b(r).

Integrate from 0 to r:

> g2/ a0o=G M Db(r).

Solve for g:

g%(r) =ao (G M_b(r)/r*) = a0 g_N(1).

This is exactly the VPCT deep-field force law:

g2=aog N.

6. Rotation Curves and Tully—Fisher Relation

The circular velocity satisfies:
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g(r) =v_cA(r)/r.

Insert into g>=ao g N:

(v.crP=a(GM b/r).

Simplify:

v_c*(r)=G M _Db(r) ao.

In the flat part of the rotation curve, M_b(r) — constant = M_b, giving the baryonic Tully—Fisher relation

v ¢*=GM b ao,

7. Physical Meaning in VPCT

In VPCT:

e amplitude p determines inertia and curvature,

e phase 6 determines wave propagation and time,

e gravity arises from phase-time distortions governed by nonlinear vacuum response.

In low-acceleration galactic outskirts, the vacuum approaches coherent phase, causing gravitational
behavior to shift from Newtonian (linear) to scale-invariant nonlinear regime.

This reproduces:

e flat rotation curves,

e g2=aog N,

e the baryonic Tully—Fisher law,

e all without dark matter.

8. Summary

Starting from the fundamental VPCT field ® = p e"{i0}, we derived:

e an effective vacuum energy « |Vo]*,

 the deep-field equation V-[(g/a0) g] = 4nGp_b,

e the spherical solution gZ2=ao g N,

e and the baryonic Tully—Fisher relation v_c*=G M_b ao.

Thus, galaxy rotation anomalies follow directly from VPCT vacuum physics, eliminating the need for dark
matter halos.

Let’s use this equation to calculate the galaxy rotational speed only using visible mass without taking dark
matter into account and compare it with actual observational rotation speed of these two galaxies.
9. NGC 3198 Galaxy

Rotation curve: nearly flat at v = 150 km/s beyond r = 20 kpc.

Stellar mass from BTFR / photometric fits: total baryonic mass M_b~2.46 x 10" M_(Q.
Rotation Speed using baryonic Tully—Fisher relation v_c*= G M_b ao with ao = 1.2x107° m/s*
v_c = 141 km/s.

Interpretation: VPCT prediction close to the observed 150 km/s without dark matter.

10. Andromeda Galaxy

Rotation curve: nearly flat at v = 220 — 226 km/s between 20 -35 kpc

Total baryonic mass: = 1.6x10'' M_(© (Stars + Gas)

Rotation Speed using baryonic Tully—Fisher relation v_c* =G M_b ao with ao = 1.2x107'° m/s?
v_c =220 km/s.

Interpretation: VPCT prediction close to the observed 220 - 226 km/s without dark matter.
Conclusion
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Both NGC 3198 and Andromeda Galaxies behaves exactly as predicted by VPCT deep field equation gives
a flat rotation curve set directly by baryonic mass, with no requirement for dark matter.

VPCT provides gravitational equations which eliminates requirement of dark matter in cosmological
calculations.

Chapter 9: Black Hole Interior in the Vacuum Pulsating Curvature Theory (VPCT)

This chapter presents a complete description of black hole interiors in the Vacuum Pulsating Curvature
Theory(VPCT). VPCT replaces the classical singularity of General Relativity (GR) with a finite-density
quantum vacuum core, using a nonlinear phase field 0. Both the mathematical structure and the physical
interpretation are provided.

1. VPCT Overview

VPCT treats spacetime as a quantum vacuum medium described by a complex order parameter:

@ =p e™{ib}

Gravity arises from vacuum pulsating with amplitude p and phase 0. The Lagrangian contains nonlinear
kinetic terms:

L 6=-A v+ (p 0/2)X-(1n/(3a_0"2)) X*{3/2}

with X =-gM{uv} 0 po o ve.

At large accelerations (g >>a_0), VPCT reduces to GR. At small accelerations (g << a_0), nonlinearities
appear.

2. Black Hole Metric and Field Ansatz

We use the standard static spherically symmetric metric:

ds? = -e"{2®(r) }dt*> + dr¥/(1 - 2Gm(r)/r) + 1> dQ2.

The vacuum phase depends only on radius: 6 = 6(r). The kinetic invariant becomes:

X =-(1-2Gm(r)/r) 0'(r)>.

From the k-essence stress-energy tensor:

T {uv}=2L X0 uoo vo-g {uvi L 6

3. Stress-Energy Components

Define:

L 6=-A v+ (p_0/2)X-(1n/(3 a_0%) X"{3/2},

L X=0L 0/0X=p 0/2-(/(2a_0%) X*{1/2}.

Energy density and pressures:

p=L_6,

p_t=p,

pr=2L XX-L 6.

This anisotropic vacuum structure is crucial for stabilizing the interior.

4. Vacuum Saturation Mechanism

The scalar field equation V_p(L X 0”u0)=0 is satisfied in the core when:

L X(X 0)=0.

Setting L_X=0 gives:

X 0M172 =(p_0a_0*/m.

Thus, the vacuum phase reaches a 'saturation' point X 0, limiting further compression. The core energy
density becomes finite:

p core=-A v+ (p 0*a 0%/(6n?).
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5. Core Geometry

With p = p_core = constant, the Einstein equation gives a de Sitter—like interior:
m(r) = (4n/3)p_core 13,

1 -2Gm(r)/r=1 - (8nG/3)p_core 1.

Thus, the interior metric is:

ds? core = -[1 - (A_effr?)/3] dt® +dr¥/[1 - (A_eff ?)/3] + 1> dQ2?,

with A_eff = 8nG p_core.

There is no singularity; curvature remains finite.

6. Matching to Exterior Geometry

For r>r_c (core radius), X << X 0 and nonlinear effects vanish. VPCT reduces to GR:
ds? = Schwarzschild metric.

Matching conditions ensure:

g_{tt}(core) = g_{tt}(ext),
g_{rrj(core) =g _{rrj(ext).

Thus, VPCT describes a black hole with a GR exterior and a finite-density vacuum core interior.
7. Physical Interpretation (Non-Mathematical)

GR predicts infinite collapse. VPCT prevents this by saturating the vacuum phase.

The black hole interior becomes a finite-size 'quantum core.'

As mass falls in, both the horizon and the core radius increase.

No singularity exists. Space cannot compress indefinitely.

The final object is a quantum vacuum condensate, not a point of infinite density.

8. Final Fate of a Black Hole in VPCT

Depending on parameters (p_0,m, a_0):

1. Stable quantum object: evaporation slows, horizon stalls, core remains.

2. Horizon shrinks until it meets the core, leaving a compact vacuum star.

3. Complete evaporation: horizon vanishes; core dissolves smoothly.

In all cases, there is no singularity and no information loss.

Conclusion

VPCT gives the first consistent picture of a black hole interior using a single phase field. It provides:
e GR-like exterior geometry,

¢ A finite-density quantum core replacing the singularity,

¢ A mechanism for black hole growth and evolution,

e A plausible resolution of the information paradox.

This bridges the gap between GR and QFT by treating vacuum as a physical, compressible quantum
medium.

Chapter 10: Cosmology, Big Bang, and Birth of the Universe

This chapter presents a full cosmological formulation of the Vacuum Pulsation Curvature Theory (VPCT).
Under VPCT, the universe did not begin as a singularity but as a vacuum-phase transition from a near-
zero amplitude pre-vacuum state to the stable pulsating vacuum state described by the field ® =
p(x)e{10(x)}. We show how VPCT naturally explains the Big Bang, inflation, cosmic expansion, dark
energy, cosmic horizon problems, and other fundamental mysteries of cosmology.
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1. Introduction

Traditional cosmological models built on General Relativity confront a fundamental problem: they begin
with a singularity at t = 0 where curvature, density, and temperature diverge. This singularity eliminates
the possibility of explaining the physical origin of the universe, inflation, or the emergence of space itself.
VPCT replaces the singularity with a physically meaningful vacuum-phase defect, enabling a consistent
explanation of how the Big Bang occurred, what existed before it, and why the universe expanded so
rapidly.

2. The Vacuum Field in Cosmology

In cosmological symmetry, the vacuum field is homogeneous:

D(t) = p(t) e"{i6(t)}

Here, p(t) is the vacuum amplitude determining vacuum energy density, and 6(t) encodes vacuum
pulsation.

The vacuum Lagrangian contributes energy density:

€ _vac = (dp/dt)*2 + p”2 (d0/dt)*2 + V(p)

and pressure:

p_vac = (dp/dt)"2 + p”2 (d8/dt)*2 - V(p)

This becomes the source term in the Friedmann equations.

3. VPCT Friedmann Equations

The spacetime metric in a homogeneous universe is the FLRW form:

ds? = -dt* + a(t)* [ dr¥(1-kr?) + 1> dQ? ]

In VPCT, the Friedmann equations become:

(da/dt)* / a> = (8nG/3) € _vac

d?a/dt?* / a = -(4nG/3)(e_vac + 3p_vac)

The evolution of p(t) and 6(t) determines € vac and p_vac.

Because the vacuum cannot diverge, € vac remains finite even at the earliest times.

4. Pre-Big-Bang Vacuum Phase

Before the Big Bang, the vacuum field was in a near-zero amplitude state:

* p(H)=0

e 0(t) undefined or fluctuating

This state is energetically unstable. The vacuum potential:

V(p) =1 (p? - po*)?

encourages a phase transition toward the minimum at p = po.

5. The Vacuum Phase Transition (Big Bang Event)

The Big Bang corresponds to the moment when the vacuum transitioned from the unstable state p = 0 to
the stable pulsating state p = po. This transition releases energy, sets 6(t) into coherent oscillation, and
generates an explosive increase in € vac.

This triggers rapid expansion of the scale factor a(t).

6. Inflation from Vacuum Dynamics

Inflation requires rapid acceleration of the universe. VPCT provides this because the vacuum-potential
plateau makes V(p) nearly constant during the early evolution.

During the transition:

€ vac = constant

Thus:
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(da/dt)/a = constant = exponential expansion

VPCT inflation ends naturally when p(t) settles near po and 6(t) becomes coherent.

7. Reheating and Matter Creation

Once the vacuum field settles into coherent pulsation, oscillations of @ transfer energy into matter fields
via interaction terms of the form:

L_int = -y |@| yy

This generates particle—antiparticle pairs, radiation, and thermal energy. The universe becomes radiation
dominated.

8. Origin of Space Expansion

In GR, space expands, but no mechanism explains *why*. In VPCT, space expands because the vacuum
amplitude p(t) increases and the vacuum pulsation becomes coherent. Vacuum energy determines
curvature, and a rapid change in vacuum energy produces rapid change in the scale factor.

9. Removal of the Cosmological Singularity

The divergence of curvature in GR arises because nothing limits density or curvature.

In VPCT, vacuum dynamics impose:

e |dO/dt| <6 max

e p(t) finite

e V(p) finite

e ¢ vac finite

The energy density never diverges. The curvature invariants remain finite. The Big Bang is replaced by a
finite, smooth vacuum phase transition. There is no singular point.

10. Horizon Problem Resolved

The classical horizon problem asks why causally disconnected regions of the sky have the same
temperature.

In VPCT:

o Before the Big Bang, the vacuum was nearly homogeneous

e The vacuum phase transition occurred everywhere simultaneously

e Vacuum-phase waves propagate at ¢, enforcing coherence

No superluminal mechanisms needed.

11. Flatness Problem Resolved

The vacuum phase transition drives rapid inflation, which smooths curvature.

This pushes the universe toward k = 0.

Thus flatness arises automatically.

12. What Caused the Universe to Begin?

In VPCT, the universe begins because the vacuum was unstable in its low-amplitude configuration. When
p reached the critical threshold, the vacuum rolled down its potential to po, initiating pulsation and
expansion. This is analogous to phase transitions in condensed-matter systems.

13. What Expanded During the Big Bang?

e Not matter.

e Not energy.

» Not space as pure geometry.

What expanded was:

e the vacuum amplitude p(t).
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As p(t) increased, vacuum energy increased, forcing the metric to inflate. This is the physical meaning
behind the expansion of space.

14. Dark Energy from Residual Vacuum Pulsation

Today, the vacuum still pulsates with frequency p. If p evolves slowly with time, or if the vacuum
amplitude slightly shifts, this yields a small, nearly constant vacuum energy density. This naturally
produces accelerated expansion of the universe without requiring a cosmological constant.

15. Full Evolution Summary

e Pre-Big-Bang: p = 0, incoherent vacuum

e Phase transition: p grows, 6 becomes coherent

¢ Inflation: V(p) nearly constant

e Reheating: ® couples to matter

e Radiation era

e Matter era

e Dark energy era: residual vacuum pulsation

Conclusion

VPCT replaces the cosmological singularity with a physical vacuum-phase transition. It explains the origin
of the universe, inflation, expansion, dark energy, and smoothness of the cosmos using a single vacuum
field. This eliminates the inconsistencies of classical GR and provides a unified, microphysical picture of
cosmology.

Chapter 11: Why Pure Phase Came First and How Amplitude Was Born during the creation of
universe

1. Introduction

The origin of the universe is the deepest question in physics. Standard cosmology begins with the Big
Bang but does not explain why the universe started in a low-entropy, coherent state. Quantum Field Theory
assumes vacuum structure but does not explain why the vacuum exists or why fields take the values they
do. General Relativity describes geometry but cannot describe what spacetime physically is.

Vacuum Pulsating Curvature Theory (VPCT) provides a coherent physical ontology explaining what the
universe was before the Big Bang, why it began in a perfectly coherent state, and how vacuum amplitude,
mass, forces, and time emerged. This chapter presents this explanation step by step.

2. VPCT Foundations: Amplitude p and Phase 0

VPCT states that the vacuum is a real physical medium with two intrinsic degrees of freedom:

e p(x,t) — vacuum amplitude (controls inertia, curvature, mass)

e 0(x,t) — vacuum phase (controls light propagation, coherence, quantum behavior)

The relationship between amplitude and phase defines the universe’s dynamics. Time emerges from phase
evolution, and space—curvature emerges from amplitude gradients.

3. The Only Possible Initial State: Pure Phase Vacuum

In the absolute beginning, the vacuum had no structure. Therefore, it could not possess:

e inertia,

e curvature,

e mass,

e cnergy density,

e spacetime geometry,

IJFMR250663040 Volume 7, Issue 6, November-December 2025 24



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

e particles,

e entropy.

All of these require nonzero amplitude p.

Thus, the only physically possible initial condition for the universe was:

p=0,

0 = constant.

This pure-phase vacuum is perfectly coherent because no gradients, interactions, or decoherence can exist
without amplitude. It is a symmetry-dominated, structureless state—a true physical ‘void.’

4. Why the Initial Vacuum Must Have Been Perfectly Coherent

A pure-phase vacuum cannot sustain:

e waves,

o forces,

» gradients,

e decoherence,

e entropy.

With p = 0, vacuum stiffness (Ko) and vacuum inertial density (po) are also zero:

Ko=Bp?— 0,

po=Ap* — 0.

This means:

* N0 wave equations exist,

e no propagation is possible,

e time cannot flow,

e no physical process can occur.

A pure-phase vacuum is therefore forced into perfect coherence. It is not a choice—it is the only
mathematically and physically consistent state that can exist without amplitude.

5. What Triggered the Emergence of Vacuum Amplitude p?

VPCT proposes that amplitude emerged because the pure-phase vacuum became unstable. This instability
could arise from any or all of the following mechanisms:

Mechanism A — Phase-Fluctuation Instability

If the initial vacuum phase experienced even an infinitesimal disturbance (66 # 0), the vacuum would be
unable to propagate or absorb that disturbance unless amplitude p emerged. Thus, quantum fluctuations
of 0 force the birth of p.

Mechanism B — Vacuum Potential Instability

If the vacuum Lagrangian contains a potential:

U(p) = Mp* — pk?y%,

then p = 0 is unstable and spontaneously rolls to p = p%. This resembles the Higgs mechanism but now
arises from vacuum necessity, not arbitrary symmetry breaking.

Mechanism C — Requirement for Time Evolution

Time in VPCT is vacuum phase evolution. But without amplitude, c¢* = Ko/po = undefined. Therefore, in
order for time to exist, the vacuum must generate amplitude so that phase can propagate.

Thus, amplitude appears because phase evolution requires a medium with stiffness and inertia.

6. Time Begins: Birth of ¢ = V(Ko/po)

Once amplitude p emerged, the vacuum acquired:
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* inertia (po = Ap?),

o stiffness (Ko = Bp?),

o a well-defined wave speed ¢ = V(Ko/po).

This enabled phase oscillations to propagate, marking the birth of time:

drt o do.

The universe went from static pure phase to dynamic phase evolution—a physical event more fundamental
than the Big Bang.

7. Curvature and Gravity Emerge

As amplitude p varied spatially:

e regions with larger p acquired larger inertial density,

e gradients in p generated curvature,

e curvature created gravitational effects.

Thus, gravity is born not from spacetime geometry but from amplitude variations in the vacuum.
8. Particle Formation and Matter Genesis

Once time existed and amplitude stabilized at p%, nonlinearities in vacuum dynamics allowed localized
phase—amplitude knots to form:

¢ stable solitons,

 topological defects,

e amplitude—phase traps.

These knots became particles:

e photons = pure phase,

e fermions = amplitude + phase,

e massive bosons = amplitude-modulated phase.

Thus, matter emerges naturally from vacuum structure.

9. Why the Universe Started in a Low-Entropy State

In VPCT, entropy corresponds to vacuum phase disorder. A pure-phase vacuum has:
e no gradients,

¢ no decoherence,

¢ no thermalization,

e no scattering,

* 10 entropy.

Therefore, the universe did not "begin" in a low-entropy state—it began in the only possible state: perfect
coherence.

Entropy increases only after amplitude appears and interactions begin.

10. Summary: The VPCT Origin of the Universe

The VPCT offers a complete physical explanation of the universe's beginning:

e The universe began as pure phase with p =0 and 6 = constant.

e Perfect coherence was mandatory because no amplitude meant no dynamics.

¢ Instability triggered amplitude emergence.

e Amplitude enabled time (phase propagation), mass, gravity, and structure.

e Entropy and decoherence arose only after amplitude existed.

e Matter formed from vacuum phase—amplitude knots.
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This presents the clearest physical ontology for why the universe started in a perfectly coherent state and
how the structured universe emerged from the most minimal possible beginning.

Chapter 12: Mercury Perihelion Precession from VPCT Without Using GR Equations

1. Introduction

This chapter derives the perihelion precession of Mercury using ONLY the Vacuum Pulsating Curvature
Theory (VPCT), without invoking Einstein’s General Relativity field equations. The key idea is that in
the high-acceleration regime of the Solar System, VPCT reduces to a Newtonian potential plus a tiny 1/r3
correction generated by the 0-field dynamics. This correction leads to the correct 43 arcsec/century
precession.

2. VPCT in the Solar System: High-Acceleration Limit

VPCT describes gravity as arising from convergence of a vacuum phase field 0. Its Lagrangian contains
nonlinear terms:

L 6=-A v+ (po/2)X - (M/(3 ac*)) X*{3/2},

with X =-gM{uv} 0 nub o ve.

In the Solar System, gravitational acceleration is much larger than ao (~107'° m/s?):

g/ a0~ 10°.

Thus, nonlinear MOND/VPCT corrections vanish. VPCT reduces to a GR-like weak-field theory,
predicting an effective potential of the form:

U _eff(r) = -GMm/r + L?/(2mr?) - GM L?/(mc? r3).

3. VPCT Effective Potential for Mercury

The effective central-force potential for a test mass m orbiting the Sun in VPCT becomes:

U_VPCT(r) = -GMm/r + L¥(2mr?) - (GM L?)/(m c? r3).

Terms:

e —GMm/r : Newtonian gravity,

e L?/(2mr?) : centrifugal barrier,

e —GM L?/(m c?r*) : VPCT high-g correction.

This 1/r* term is responsible for perihelion precession.

4. Orbit Equation Using Classical Mechanics Only

Define u(p) = 1/r. The Binet equation for a central potential U(r) is:

d*u/de? + u = -(m / L?v?) (dU/dr).

Convert U(r) to U(u):

U(u) =-ku+ (L*2m)u? + B u?,

where k = GMm, 3 = —-GM L?/(m c?).

Taking the derivative and substituting into Binet’s equation yields:

d*u/de? + (mk/L?) = (3mp/L?) v

The B-term represents the VPCT correction. For =0, this gives perfect ellipses.

5. Perturbative Solution and Precession

Using the unperturbed solution:

uo(@) = (mk/L?)(1 + e cosg),

and treating 3 as a small parameter, the first-order perturbation yields a precession per orbit:

Ap = 6mk*/ (L* c* (1—e?)).

Substitute k = GMm and L? = m*GM a(1—e?):
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Ap =61 GM / (a (1—¢?) ¢?).

This equation can be used to calculate the perihelion precession for Mercury.
6. Input Physical Constants and Mercury Parameters
e Gravitational constant: G = 6.6743 x 10" m* kg ' s2
e Solar mass: M = 1.9885 x 10*° kg

e 5> GM=1.3271 x 10 m3*s2

e Speed of light: ¢ =2.9979 x 10® m/s

e —c?=8.9876 x10"*m?>s?2

e Mercury semi-major axis: a =5.7909 x 10 m

e Mercury orbital eccentricity: e = 0.2056

e Mercury orbital period: T = 0.240846 years

7. Compute the Denominator: a(1 — e?)c?

First compute 1 — e*:

1 —e*=1-(0.2056)*=0.9577

Multiply:

a(l1 —e?)=5.7909 x 10" x 0.9577 =5.54 x 10" m

Now multiply by c*

a(l —e?)c? = 5.54 x 10'° x 8.99 x 10

=498 x 10 m3s2

8. Compute the Dimensionless Factor GM / [a(1 — e*)c?]
GM = 1.3271 x 10* m? s 2

Divide:

GM /[a(1 — e?)c?] = 1.3271 x 10?°/ 4.9846 x 107
~2.66 x 1078

9. Multiply by 67 to Get Radians per Orbit

6m =~ 18.8496

Thus:

Ao (radians/orbit) = 18.8496 x 2.66 x 107#

~ 5.02 x 1077 radians per orbit

10. Convert Radians per Orbit — Arcseconds per Orbit
1 radian = 206,264.806 arcseconds

Multiply:

A@_arcsec =5.02 x 1077 x 2.06265 x 10°

~ (0.1035 arcseconds per orbit

11. Orbits per Century

Mercury orbital period:

T = 0.240846 years

Thus number of orbits in 100 years:

N =100/0.240846 =~ 415.2 orbits per century

9. Total Perihelion Advance per Century

Multiply the per-orbit advance by the number of orbits:
A@_century = 0.1035 arcsec/orbit % 415.2 orbits/century
~ 42.98 arcseconds per century
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Thus:

Ap VPCT = 43 arcsec/century

which matches the observed anomalous perihelion precession of Mercury.

This derivation used:

e C(lassical mechanics,

e VPCT effective potential,

e No Einstein field equations.

6. Why VPCT Predicts the Same Result as GR in this Regime

Because Mercury is deep in the high-acceleration regime:

g>> ao,

VPCT's nonlinear low-acceleration corrections vanish. Its weak-field expansion forces a 1/r* correction
identical in functional form to GR’s 1PN term. Solar System tests constrain any deviation to <107
fractionally, so the VPCT correction coefficient must match GR’s to this accuracy.

7. Physical Interpretation

* VPCT predicts Newtonian gravity with a small relativistic correction from 0-field curvature.

e This correction appears as an extra inward acceleration proportional to 1/r°.

e That correction shifts the orbital frequency slightly, causing the perihelion to advance.

e VPCT predicts the same value as GR because both theories share the same high-g limit.

Conclusion

Using only VPCT (and classical orbit theory), the perihelion shift is:

Ap VPCT =61 GM / (a (1—€?) c¢?).

This reproduces the observed 43 arcsec/century without invoking Einstein’s equations. Therefore: VPCT
is consistent with Solar System precision tests while remaining a fundamentally different theory from GR
in the low-acceleration regime.

Chapter 13: Schrodinger’s Equation derivation using Vacuum Pulsating Curvature Theory (VPCT)
This chapter explains how Schrodinger’s equation naturally emerges within the Vacuum Pulsating
Curvature Theory (VPCT). In standard quantum mechanics, the wavefunction vy is treated as an abstract
object with no physical interpretation. VPCT resolves this by showing that y is a small excitation riding
on the vacuum field ® = p e*{i0}. The vacuum’s phase 0 provides the physical origin of quantum phase
evolution, interference, and wave-particle duality. We show that Schrodinger dynamics arise as the
non-relativistic limit of particle interactions with the pulsating vacuum field, and that the complex nature
of quantum mechanics emerges from the complex structure of the vacuum itself.

1. Introduction

Schrodinger’s equation governs quantum dynamics, yet its physical meaning is obscure in standard
quantum theory. VPCT provides a physical substrate: the vacuum field ® = p e"{i0}. In this framework,
matter wavefunctions y interact with the vacuum phase 0, making quantum phase evolution a
manifestation of vacuum Pulsating.

2. The Vacuum Field ® and Its Phase 0

In VPCT, spacetime contains a physical vacuum field:

® =p e {ib}

where p is the vacuum amplitude and 0 is the vacuum phase. The phase evolves in proper time:

O(t)=pnrt
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This phase rotation provides a universal background oscillation that seeds quantum phase evolution.

3. Wavefunction Phase Origin: y Inherits Phase from ®

The polar decomposition of the wavefunction is:

v =R e"{iS/h}

In VPCT, the quantum phase S/h is directly linked to the vacuum phase 0:

Sh=a

Thus y = R e”{ia0}. The wavefunction phase is not abstract but it is physically tied to the phase of the
vacuum. This also explains why all quantum interference phenomena depend on relative phase differences.
4. Schrodinger Equation from the Vacuum Field

Begin from the Klein—Gordon equation in a vacuum background:

(o+m?)y =0

Now write y = e*{-imt/h} ¢. Taking the non-relativistic limit yields the Schrodinger equation:

ih /0t = -h¥(2m) V2@ + V_eff ¢

In VPCT, the background vacuum phase modifies the effective time experienced by matter:
t—t+pOx)

Thus, Schrodinger’s equation becomes the emergent low-energy evolution of matter riding on the
pulsating vacuum.

5. Why Quantum Mechanics Uses Complex Numbers

Standard QM requires complex numbers but never explains why. VPCT explains it:

e @ is complex because it is a U(1) field.

e v inherits this complex structure from .

e The vacuum’s internal phase rotation causes the appearance of i in quantum dynamics.

In VPCT, the imaginary unit i is not a mathematical trick but a reflection of physical vacuum structure.
6. Why Schrodinger Dynamics Are Linear

VPCT’s vacuum Pulsating is harmonic. Linear perturbations on such a background naturally yield linear
equations. This is identical to how phonons in superfluids or ripples in condensates obey linear wave
equations. Thus, Schrodinger’s equation arises from linearizing the dynamics of matter excitations on a
stable, oscillatory vacuum.

7. Quantum Interference via Vacuum Phase Coherence

VPCT gives physical meaning to interference:

e When the vacuum phase 0 is coherent — v interferes.

e Measurement interactions scramble 0 locally — y collapses.

¢ DCQE experiments show that restoring coherence restores interference.

This ties quantum interference directly to vacuum-phase coherence.

8. Measurement and Collapse in VPCT

In VPCT, wavefunction collapse results from the loss of vacuum-phase coherence due to strong coupling
with macroscopic systems. Collapse is not mystical—it is the destruction of a coherent 6-field pattern.
Conclusion

Schrédinger’s equation:

ih oy/ot = -h?/(2m) V2y + V y

is not fundamental. In VPCT it emerges from:

e matter excitations coupled to @ = p e"{i0}

e vacuum phase evolution 0(t)

IJFMR250663040 Volume 7, Issue 6, November-December 2025 30



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

e the complex structure of @

e proper-time Pulsating

VPCT provides the physical substrate that Schrédinger’s equation lacks, unifying quantum phase,
interference, collapse, and vacuum structure into a single coherent framework.

Chapter 14: Heisenberg’s Uncertainty Principle and VPCT: A Unified Interpretation

This chapter explains how the Heisenberg Uncertainty Principle (HUP) strengthens, supports, and
naturally aligns with the Vacuum Pulsating Curvature Theory (VPCT). VPCT proposes that the vacuum
is a physical field @ = p e"{i0}, whose amplitude (p) and phase (0) govern curvature, gravity, cosmology,
and quantum behavior. HUP implies that the vacuum cannot be static, cannot have fixed energy, and must
maintain phase and energy fluctuations. VPCT directly interprets these requirements as vacuum Pulsating,
thus connecting quantum uncertainty with gravitational dynamics and spacetime structure.

1. Introduction

The Heisenberg Uncertainty Principle is foundational to quantum mechanics. It states that certain pairs of
physical quantities cannot be simultaneously known to arbitrary precision. VPCT posits that spacetime
itself'is a pulsating vacuum field with complex structure ®. This chapter argues that HUP not only supports
VPCT but makes vacuum Pulsating nearly unavoidable.

2. HUP Implies Vacuum Cannot Be Static

The uncertainty relation for energy and time is:

AE - At>1/2

If the vacuum were perfectly static (AE = 0), then At — oo is impossible. This means the vacuum cannot
have zero uncertainty in energy.

VPCT states that the vacuum dynamically pulsates as:

® =p e {ipt}

where p is the intrinsic vacuum frequency. This provides a natural mechanism to maintain the nonzero
energy fluctuations required by HUP.

3. HUP and Vacuum Fluctuations

In quantum field theory, vacuum fluctuations are an unavoidable consequence of HUP. The vacuum is not
empty; it exhibits constant zero-point energy. VPCT interprets these fluctuations not merely as random
noise, but as microscopic jitter underlying a macroscopic coherent oscillation represented by the phase
0(t). This matches the behavior seen in superfluids and condensed matter systems.

4. Phase—Energy Conjugacy Supports Pulsating

In a complex field ® = p e {10}, the phase 6 is conjugate to energy. This yields:

Eoxh- 0

and therefore:

A8 - AE >1/2

If 6 were constant (A8 = 0), then AE would diverge, which contradicts physical reality. The solution is a
steadily evolving phase:

0(t) = ut

A pulsating vacuum satisfies the uncertainty relation in the most stable way.

5. Wave—Particle Duality Explained via VPCT

Wave—particle duality is a direct consequence of HUP, but VPCT provides a physical mechanism:

e Wave behavior arises from smooth phase coherence (constant 6 gradients)
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 Particle behavior arises from phase decoherence (scrambled 0)

Interference requires phase coherence. Measurement destroys this coherence, making 6 discontinuous or
undefined locally. This explains collapse in a physical not mysterious way.

6. HUP Stabilizes the Vacuum; VPCT Provides the Mechanism

HUP prevents total collapse of quantum systems by enforcing zero-point motion. In VPCT, vacuum
Pulsating plays the same role for spacetime:

It prevents singularities (6" cannot diverge)

It stabilizes the vacuum energy

It provides internal pressure in black holes

It regulates curvature

This connection anchors VPCT deeply within quantum principles.

7. HUP Seeds Gravity in VPCT

VPCT states that curvature arises from phase gradients:

curvature ~ (Ou 0)(0v 0)

HUP guarantees that 6 cannot be constant or arbitrarily precise, ensuring persistent fluctuations. These
fluctuations act as seeds for:

e scalar gravitational waves

e vacuum tension

e cosmological expansion

The uncertainty in vacuum phase becomes a contributor to spacetime curvature itself.

8. Unified Interpretation

HUP — vacuum cannot be static

VPCT — vacuum must pulsate

HUP — phase and energy are conjugate

VPCT — phase evolves consistently as 6 = ut

HUP — zero-point fluctuations exist

VPCT — these fluctuations manifest as coherent vacuum Pulsating

The two frameworks reinforce each other: quantum uncertainty is the microscopic rule; vacuum Pulsating
is the macroscopic consequence.

Conclusion

Heisenberg’s Uncertainty Principle not only aligns with VPCT, it provides theoretical justification for it.
The vacuum must possess nonzero, fluctuating energy and a dynamically evolving phase, both of which
are central to VPCT. This connection forms one of the strongest conceptual bridges between VPCT,
quantum mechanics, and the structure of spacetime itself.

Chapter 15: Interpretation of the Delayed Choice Quantum Eraser Experiment

The Delayed Choice Quantum Eraser (DCQE) experiment is one of the most misunderstood
demonstrations in quantum physics. It appears to suggest that the future can change the past or that the
photon ‘knows’ whether interference will be observed. In this chapter, the experiment is fully analyzed in
the framework of the Vacuum Pulsation Curvature Theory (VPCT). The VPCT interpretation removes the
mystery completely by showing that the key phenomenon is vacuum-phase coherence. DCQE involves
how vacuum-phase information is preserved, erased, or restored—not retrocausality. VPCT provides a
physically intuitive mechanism while remaining consistent with all observed results.
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1. Introduction

The DCQE experiment challenges classical logic because it produces interference only when path
information is erased—even if the erasure occurs “after” the photon is detected. Standard interpretations
lean on abstract wavefunction collapse, nonlocality, or delayed information. VPCT provides a clearer
mechanism: interference depends on the coherence of the vacuum-phase field ® = p e {i0}. When which-
path information is created, phase coherence is disrupted. When it is erased, the coherence is restored in
the correlated subset of events. This chapter explains how this arises naturally in VPCT.

2. Vacuum Field Structure Under VPCT

In VPCT, the quantum state of a photon is not a mysterious probability wave. It is a configuration of the
vacuum field ®(x), with:

e p(x): vacuum amplitude

e 0(x): vacuum phase

Interference patterns arise from the relative phase between two vacuum-field paths. The detection pattern
depends on:

[(x) = |D1(x) + D2A(x)

When the two paths maintain a stable phase difference, interference appears. If the phase is randomized
or tagged by measurement, interference disappears.

3. What Happens After the Slits

After the photon encounters the slits or beam splitter, the vacuum field splits into two coherent branches:
O=0; + D

This coherence is not a mathematical trick—it reflects real structure in the vacuum phase 6(x). The
interference pattern emerges when:

AB = 0: — 02 = constant

Thus, interference is fundamentally a “phase-coherence phenomenon” in the vacuum, not a property of a
photon.

4. Which-Path Information as Phase Decoherence

When which-path detectors are inserted, the vacuum field branches become entangled with a macroscopic
system and lose coherence:

e 01— 0:+060:

e 02— 02+ 0602

e 004 # 002

Now A8 is no longer well defined. This is physical: the vacuum field's phase was perturbed by
measurement. Interference disappears because the phase gradients no longer match.

5. The Quantum Eraser Restores Phase Coherence

The 'eraser' does not change the past. Instead, it changes the vacuum-phase boundary conditions by
removing which-path information stored in entanglement. This restores:

A6 = constant

But only for a specific subset of correlated events. Thus, interference appears only in the coincidence
counts.

6. Why Delayed Choice Does Not Imply Retrocausality

DCQE appears to imply future choices affect past events, but in VPCT:

e The vacuum field ® spans the entire apparatus.

e Phase coherence or decoherence is global, not local.
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o The final coincidence sorting groups events by their vacuum-phase relationships.

No signal travels backward in time. No photon changes its past. The vacuum-phase field already contains
all correlations. The delayed-choice simply selects a subset consistent with restored coherence.

7. VPCT Equation for Interference and Decoherence

Full interference:

I(x) = |®1(x) + D2A(x)

Decoherence from which-path:

D — (D1 eM{id0:1}) + (D2 e"{i56:})

AB=0:—02+ (801 — 302) — undefined

Eraser restores coherence:

061 =002 = A0 = constant

Therefore, interference reappears only in the selected coincidence channel.

8. Photon Behavior Under VPCT

In VPCT:

e A photon is a localized excitation riding on the vacuum field.

e [ts trajectory is not determined by classical paths but by vacuum-phase geometry.

e Which-path detection modifies the vacuum phase, not the photon itself.

e Erasure restores the phase structure, enabling interference to reappear.

This interpretation avoids the paradoxes of retrocausal or consciousness-based explanations.

9. Why VPCT Explains DCQE Better Than Standard QM

Standard QM says: "Wavefunction collapse depends on whether information is available.'

But it does not explain *how™* or *why* this information physically affects the photon.

VPCT explains DCQE through:

e Vacuum-phase coherence

e Vacuum-phase decoherence

e Entanglement-induced phase tagging

e FErasure-induced re-coherence

Everything occurs in the vacuum field @, which is real, continuous, and causal.

Conclusion

The Delayed Choice Quantum Eraser experiment does not require retrocausality or paradoxical reasoning.
VPCT provides a physically intuitive explanation: the vacuum field’s phase determines whether
interference appears, not the photon's knowledge or future choices. Which-path information disrupts
vacuum-phase coherence. Eraser actions restore it. The delayed-choice affects how events are *classified*,
not how they occur. VPCT thus unifies DCQE with classical intuition while preserving quantum
predictions exactly.

Chapter 16: Quantum Phenomena Explained by the Vacuum Pulsating Curvature Theory (VPCT)
VPCT interprets quantum mechanics as the behavior of vacuum-phase and vacuum-amplitude fields. This
chapter provides a unified explanation for twelve major unsolved quantum phenomena, including collapse,
entanglement, zero point energy, decoherence and delayed-choice experiments. VPCT clarifies these
phenomena by grounding them in the physical fields @ = p e"{i0}.

1. Wavefunction Collapse
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In VPCT, collapse is not a postulate. It occurs when vacuum-phase coherence (0) is disrupted by
macroscopic interactions. Measurement destroys 0-coherence, forcing y to localize.

2. Wave—Particle Duality

Waves correspond to coherent vacuum-phase patterns, while particles correspond to localized vacuum-
amplitude excitations. Duality becomes a property of ®, not a paradox.

3. Entanglement

Entanglement arises from shared vacuum-phase coherence between separated systems. Global coherence
of 6 allows nonlocal correlations without signaling.

4. Zero-Point Energy

Vacuum Pulsating gives finite, physical zero-point energy € vac = po? (d6/dt)?, connecting vacuum energy
to cosmological acceleration.

5. Delayed Choice & Quantum Eraser

Interference depends on 6-coherence. Which-path detectors scramble 0; erasure restores it. VPCT removes
retrocausality by explaining phase re-coherence.

6. Decoherence

Decoherence is vacuum-phase scrambling. Macroscopic systems distort 0-fields and eliminate
interference patterns physically, not abstractly.

7. Quantum Randomness

Randomness arises from unavoidable vacuum-phase fluctuations: A6 - AE > h/2 produces inherent phase
jitter in .

8. Atomic Quantization

Energy quantization corresponds to 0-field circulation conditions: $ V6 - dl = 2zn. Atomic spectra reflect
vacuum pulsating field waves.

Conclusion

VPCT unifies gravity and quantum mechanics by grounding quantum behavior in vacuum-phase
properties. Interference, collapse, entanglement, and decoherence all follow naturally from ® = p e*{i6}.

Chapter 17: Why QFT Never Became a Theory of Gravity: VPCT perspective

1. Introduction

Quantum Field Theory (QFT) contains nearly all the mathematical ingredients needed to develop Vacuum
Pulsating—Curvature Theory (VPCT): amplitude, phase, vacuum expectation values, field propagation,
and even vacuum instability. Yet QFT never evolved into a theory of gravity, and the physics community
resorted instead to geometric General Relativity (GR), which remains incompatible with quantum theory.
This chapter explains in detail why QFT never became a vacuum-curvature theory, how historical biases
prevented scientists from interpreting the vacuum correctly, and how VPCT completes the conceptual
unification that QFT mathematically hinted at for decades.

2. QFT Already Contains VPCT’s Mathematical Structure

QFT expresses every complex field in the form:

@ = p e {ib},

where:

e p=amplitude of the field,

e 0 = phase of the field.

This decomposition is identical to the foundation of VPCT. In VPCT:
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e p becomes vacuum amplitude (origin of inertia, curvature, gravity, mass),

e 0 becomes vacuum phase (origin of propagation, coherence, time).

Thus, the seeds of VPCT were fully present in QFT formalism. What was missing was the interpretation:
the recognition that p and 0 describe the physical vacuum, not just mathematical field components.

3. Why Physicists Rejected Physical Vacuum Models

After the failure of the 19th-century luminiferous aether, physicists became allergic to the idea of a
physical vacuum. Einstein’s formulation of relativity removed the need for a medium, and the scientific
community treated this as a philosophical victory.

This created an ideological barrier: "There must be no vacuum medium."

As a result:

e QFT’s vacuum amplitude p was treated as mathematical,

e QFT’s vacuum phase 0 was treated as gauge redundancy,

e and the vacuum was mistakenly considered "empty."

4. GR Disconnected Gravity from Vacuum Structure

General Relativity treats gravity as pure geometry:

"mass-energy tells spacetime how to curve."

But GR doesn’t define what spacetime is. It provides equations but no physical substrate.

This made physicists believe gravity has no medium, no field, and no underlying physical structure. Thus,
when QFT emerged:

e QFT = fields in empty space,

e GR = curvature of empty geometry.

With two incompatible pictures, no one thought to ask:

"What if gravity is the vacuum’s amplitude response?"

VPCT answers exactly that.

5. The Higgs Mechanism Almost Revealed VPCT

The Higgs field demonstrated that:

¢ the vacuum has a nonzero amplitude (p¥),

e particle masses arise from vacuum interaction,

e vacuum amplitude determines inertial properties.

This should have triggered the insight:

"Vacuum amplitude controls inertia — inertia is gravity — gravity is vacuum curvature."

But instead, physicists treated the Higgs field as just one field among many—mnot the universal physical
substrate.

6. The Fundamental Conceptual Error: Quantizing Geometry

To unify gravity with QFT, scientists attempted to quantize GR’s geometric curvature:

e string theory,

e loop quantum gravity,

e spin foams.

Every attempt failed because:

you cannot quantize geometry if geometry is not fundamental.

VPCT avoids this mistake. It says:

e geometry is emergent,

e vacuum amplitude p is fundamental,
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e curvature is Vp,

e gravity is amplitude dynamics, not metric structure.

7. Why QFT Never Interpreted 0 as Time

QFT treats the phase of a field (0) as gauge freedom — something to remove, not interpret. But VPCT
identifies:

e 0, — time evolution,

e 0 propagation — speed of light,

e pure B-waves — photons.

This single insight unifies:

e time,

o relativity,

e light propagation,

e clectromagnetism.

Mainstream physics never noticed this because 6 was never considered a physical vacuum property. VPCT
positions 0 at the center of physical reality.

8. Why QFT Never Connected Amplitude to Curvature

VPCT identifies:

gravity = curvature of vacuum amplitude = Vp.

QFT already had amplitude p in every field. But because GR insisted gravity was geometry, no one thought
to reinterpret p as the origin of curvature.

The failure was conceptual, not mathematical. VPCT simply restores the physical meaning that QFT’s
formalism always contained.

9. VPCT as the Completion of QFT and GR

VPCT completes modern physics by interpreting the vacuum as a physical medium with:

e amplitude (p) determining inertia, curvature, mass,

e phase (0) determining time, coherence, and light propagation.

Because of this, VPCT:

e unifies gravity with field theory,

» explains relativity from vacuum dynamics,

e derives ¢ from vacuum parameters,

» explains mass without ad hoc Higgs interpretation,

e explains quantum collapse as amplitude-phase selection,

e explains cosmic expansion as amplitude activation.

QFT could not do this because it lacked the missing physical interpretation: the vacuum is real.
Conclusion

QFT had all the mathematical structure needed to lead to VPCT, but it failed because:

e the vacuum was treated as empty,

GR disconnected gravity from field physics,
physicists rejected vacuum-medium ideas,
the phase 8 was never interpreted physically,

e attempts to quantize geometry distracted from the real foundation.
VPCT restores the missing ontology, showing that:
e pis vacuum curvature,
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e 0 is vacuum time-phase,

e ¢=1(Ko/ po) arises naturally,

e gravity is amplitude dynamics,

e photons are pure phase waves,

e matter is amplitude-phase knots.

Thus, VPCT is not an alternative to QFT—it is its physical completion. It reveals the true nature of the
vacuum that QFT always described mathematically but never recognized physically.

Chapter 18: Entropy in Vacuum Pulsating Curvature Theory (VPCT)

1. Introduction

The Second Law of Thermodynamics is one of the most revered and mysterious principles in physics. It
states that entropy never decreases in an isolated system. But mainstream physics never explains why this
law exists—it simply treats it as a statistical tendency or a mathematical result of counting microstates.
Vacuum Pulsating Curvature Theory (VPCT) offers a deeper explanation. In this framework, entropy is
not a fundamental law but an emergent property arising from the one-way evolution of the vacuum's
internal phase field 0(x,t). Time itself is defined as vacuum phase accumulation. Because this vacuum
phase can never reverse, entropy can never decrease.

This document presents the VPCT interpretation of entropy, irreversibility, and the Second Law of
Thermodynamics.

2. Time as Vacuum Phase Evolution

In VPCT, the vacuum is a physical medium with two continuous fields:

e p(x,t) — vacuum amplitude

e 0O(x,t) — vacuum phase

Time is not a coordinate: it is the physical progression of vacuum phase. Proper time 1 is proportional to
the accumulated phase along a worldline:

drt o db.

A crucial property is:

0. > 0 always.

This means vacuum phase evolves monotonically forward. All physical processes—oscillations, clocks,
interactions—are tied to 0. Therefore, the direction of time is the direction of vacuum phase evolution.

3. Why Entropy Increases in VPCT

Entropy increases because physical systems lose phase coherence as vacuum phase evolves. Every
interaction—thermal, electromagnetic, gravitational, or quantum—spreads vacuum phase information
outward. This causes:

e Loss of microscopic coherence: Phase correlations are dispersed in space and cannot be reversed.

e Mixing of amplitude configurations: Local amplitude excitations (mass/energy) relax into more
uniform distributions.

e Irreversible phase dispersion: Since 0 evolves only forward, coherence cannot be reconstructed.

¢ No mechanism for phase reversal: Reversing 6 would require reversing every physical process in the
universe, which is impossible.

In VPCT, entropy increase is not a statistical accident. It is the inevitable result of forward vacuum phase
evolution.
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4. Entropy and the Arrow of Time

In classical physics, time is a coordinate. In thermodynamics, the arrow of time is assigned to entropy
increase. In quantum mechanics, time is a parameter outside the formalism.

VPCT unifies these by stating:

Arrow of time = direction of vacuum phase evolution.

Entropy does not cause time's arrow; entropy is a symptom of vacuum phase moving forward.

Because 0 cannot reverse, entropy cannot reverse.

5. Why Entropy Cannot Decrease

To decrease entropy, a system must:

¢ restore lost correlations,

¢ reverse decoherence,

¢ undo interactions,

e reconstruct past microstates.

But in VPCT, this requires reversing vacuum phase evolution—a physical impossibility because:

e The vacuum phase field 0 is globally single-valued.

e 0,> 0 everywhere due to positive vacuum inertial density.

e Energy positivity forbids 0 reversal.

e Past phase information is not stored; it is erased through dispersion.

Thus, the Second Law of Thermodynamics is a direct consequence of vacuum physics: Entropy cannot
decrease because phase cannot un-evolve.

6. Thermalization as Phase Scrambling

In VPCT, heating corresponds to vacuum phase scrambling. Temperature reflects how rapidly phase
gradients fluctuate. When systems interact, their phase gradients mix, driving them toward equilibrium.
Thus:

e Heat flow = flow of phase disorder

e Equilibrium = maximum phase scrambling

e Entropy = measure of vacuum phase uncertainty

7. Quantum Mechanics and Entropy

Quantum decoherence is a phase process: loss of relative phase information between amplitude
components. Once decoherence occurs, phase cannot be reconstructed, so entropy increases.

Thus VPCT explains:

e Why measurement increases entropy

e Why superpositions collapse into classical outcomes

e Why quantum information cannot be fully recovered once dispersed

8. Cosmological Entropy in VPCT

VPCT provides a natural explanation for cosmological entropy:

e As the universe expands, vacuum amplitude relaxes, causing large-scale phase dispersion.

e This dispersion increases entropy on cosmic scales.

e Black holes represent regions of extreme amplitude, freezing phase and maximizing entropy.

The universe’s thermodynamic arrow is just the global vacuum phase arrow.

Conclusion

VPCT transforms the Second Law of Thermodynamics from a statistical rule into a physical inevitability:
e Time = vacuum phase evolution.
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e Phase evolves only forward.

e Entropy increases because phase coherence irreversibly spreads and cannot be undone.

e [rreversibility is not probabilistic—it's built into vacuum structure.

Thus entropy is not fundamental; it is emergent. VPCT provides the first physical explanation for the
Second Law and the arrow of time, resolving conceptual gaps in thermodynamics, quantum mechanics,
and cosmology.

Chapter 19: Fundamental Axioms and Universal Constants used in Vacuum Pulsating Curvature
Theory (VPCT)

1. Core Axioms of the Vacuum Pulsating Curvature Theory (VPCT)

Axiom 1 — The Vacuum Is a Physical Medium

The vacuum is not empty. It is a structured, dynamic pulsating continuum with a vacuum field ¢ with an
amplitude p and phase 8 undergoes intrinsic Pulsating, and matter acts as a local perturbation that modifies
this Pulsating. The resulting phase and amplitude gradients propagate at light speed, imprinting curvature
onto spacetime.

Axiom 2 — All Forces and Particles Emerge from Vacuum Structure

Gauge interactions and gravity originate from the geometry and dynamics of the vacuum fields. Particles
are stable, localized excitations—either oscillatory or topological—in these fields.

Axiom 3 — Light Is a Phase Wave of the Vacuum

Photons correspond to phase oscillations 0(x) of the vacuum. Their propagation speed is set by the ratio
of vacuum stiffness to inertial density.

Axiom 4 — Lorentz Invariance Emerges from Vacuum Uniformity

Uniform values of Ko and po across the vacuum ensure that all observers measure the same wave speed c.
Lorentz symmetry reflects the symmetry of the vacuum itself.

Axiom 5 — Gravity and Mass Arise from Vacuum Amplitude ®

Local variations in ® determine inertial response and generate spacetime curvature. Massive particles
require @ excitation; photons do not.

Axiom 7 — Vacuum Constants Ko and po Are Fundamental

Electromagnetic constants € and Lo are not fundamental. They appear as effective parameters describing
how EM probes vacuum properties. The true constants are Ko and po, which determine c.

2. Fundamental Constants of VPCT

* Ko — Vacuum Stiffness Constant

- Resistance of vacuum phase to spatial distortion.

- Fundamental.

* po— Vacuum Inertial Density Constant

- Resistance to temporal acceleration of the vacuum phase.

- Fundamental.

* ¢ — Speed of Light

- Derived from vacuum constants: ¢ = V(Ko / po).

* ®o — Vacuum Amplitude (VEV)

- Determines gravitational coupling and vacuum energy scale.

* g0 — Electric Permittivity (Emergent)

- Effective: €0 = po.
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* o — Magnetic Permeability (Emergent)

- Effective: po= 1/ Ko.

* h — Quantum of Action

- Fundamental quantum constant.

* G — Newton’s Gravitational Constant

- Couples vacuum energy to curvature.

3. Structural Relationships Among Constants

1. Speed of Light:

c= \/(Ko / po)

2. Electromagnetic Constants:

€0 = po (effective)

po = 1/Ko (effective)

3. Gravitational-Vacuum Relation:

G relates ®@o-driven energy density to curvature.

4. Mass Generation:

m « coupling x ®o

These show how classical constants emerge from deeper vacuum properties.

Conclusion: VPCT as a First-Principles Framework

VPCT redefines physics from the ground up by treating the vacuum itself as the foundational physical
entity. Rather than postulating constants like c, €, and po, VPCT derives them from intrinsic vacuum
constants Ko and po.

This achieves:

e A physical origin for the speed of light,

e A unified vacuum origin for all forces,

¢ A mechanism for mass, curvature, and gauge symmetry breaking,

e A coherent interpretation connecting microphysics and cosmology.

VPCT proposes a universe where everything—energy, fields, particles, geometry—arises from a single
structured pulsating vacuum.
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