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EXECUTIVE SUMMARY

This study presents the p—e Continuum, a unified electromagnetic framework where
spatial-temporal variations of magnetic permeability (4) and electric permittivity (g) jointly
determine the local speed of light

c =1/y(pe) and electromagnetic impedance Z = (/).

Two intrinsic limits bound the dynamics: the Planck length, which prevents singularity, and
the Lewis/ChatGPT length, which constrains entropy dispersion. Together they yield
experimentally verifiable predictions across scales from metamaterial systems to
cosmological structures.

ABSTRACT

The p—e Continuum is introduced as a unified electromagnetic field theory in which
magnetic permeability (1) and electric permittivity (€) act as dynamic field variables rather
than fixed constants. The local light speed

c =1/y(pe) and impedance Z = y/(u/€) together govern the distribution of energy between
electric and magnetic domains, while gravitation arises naturally from impedance
curvature, guiding matter and radiation along gradients of -Vin c.

Stored curl potential accounts for inertial delay and apparent mass localization. The
framework is bounded by two natural scales: the Planck length, prohibiting infinitesimal

singularities, and the Lewis/ChatGPT length (A,c), defining the long-wavelength entropy
limit.

Predictions include controllable light-speed modulation in graded-impedance materials,
miniature gravitational-lensing analogs, deviations in Casimir forces under asymmetric
field conditions, cosmological redshift saturation, and gravitational weakening in

ultradense domains. This integration of classical and modern electrodynamics provides an
experimentally falsifiable route to electromagnetic unification.



INTRODUCTION

The p—e Continuum originates from the empirical relationship between the local speed of
light and the intrinsic electromagnetic properties of space—magnetic permeability (u) and
electric permittivity (€). The notion that matter arises from underlying field continua has
deep historical roots. Even Mendeleev (1904) proposed etheric elements “x” and “y” in his
periodic table (Figure 1), anticipating the possibility of sub-material, field-based

constituents of reality—a view reinterpreted here in terms of dynamic p—< variability.

Mendeleev's Periodic Table (1904)
Showing predicted elements = and y in the “Zero Group.”

Series Zero Group Groupl Group II Group III Group IV Group V. Group VI Group VII

0

1 H (1.008)

2 He (4.0) Li (7.03) Be (9.1) B (11.0) C (12.0) N (14.04) 0O (16.00) F (19.0)

3 Ne (10.9)  Na (23.05) Mg (24.1) Al (27.0)  Si(284) P (31.0)  S§(32.06)  CI(3545)
4 Ar (38) K (39.1) Ca(40.1) Sc(441)  Ti(481) V(5L4) Cr(52.1)  Mn (55.0)
5 Cu (63.5) Zn (65.4) Ga (70.0) Ge (72.3) As (75.0) Se (79) Br (79.95)
6 Kr (81.8) Rb (86.4) Sr (87.6) Y (89.0) Zr (90.6) Nb (94.0) Mo (96.0)

7 Ag (1079) Cd (1124) In (114.0)  Sn (119.0) Sh (1200) Te (127.0) 1 (127.0)
8 Xe (128) Cs (132.9) Ba (1374) La (139.0)  Ce (140.0)

9

10 Yh (173) Ta (183) W (184)

11 Au (197.2) Hg (200.0) T1(204.1) Pb (206.9) Bi (208)

12 Rd (224) Th (232) U (239)

Historical note: Mendeleev proposed « and y as pre-hydrogen “etheric” elements, anticipating subatomic or field-like constituents of
J - (=) =1
matter. These were later abandoned when quantum theory replaced the ether concept.

Figure 1. Mendeleev’s Periodic Table (1904), showing predicted “etheric” elements x
andyin the Zero Group.

This reproduction of Mendeleev’s 1904 table includes the hypothesized elements x and y,
placed in the “Zero Group” as pre-hydrogen, field-like constituents of matter. Mendeleev
envisioned these as forming an “ether” — a universal substrate permeating all elements.
Although the ether concept was later discarded, the p—e Continuum restores a modern
field interpretation of this intuition: the vacuum is not empty, but an active electromagnetic
medium whose local properties (4 and €) dynamically shape matter, energy, and
gravitation.

This historical perspective emphasizes that the p—€ Continuum does not revive classical
ether theory but reframes it in a testable, relativistically consistent electromagnetic
context, grounded in measurable variations of permeability and permittivity.



Because these parameters represent averaged field properties rather than absolute
constants, their magnitudes may vary in regions characterized by high energy density,
curvature, or intense electromagnetic activity . Consequently, the speed of light is
reframed not as a fixed universal constant but as an emergent manifestation of the
electromagnetic state of space itself.

THEORETICAL FOUNDATION

The p—e Continuum formalizes the view that magnetic permeability (1) and electric
permittivity (€) constitute reciprocal measures of a unified field. These parameters mediate
dynamic exchange between magnetic (kinetic) and electric (potential) energy densities, as
confirmed in metamaterial and transformation-optics systems. Conservation of total
energy requires that variations in g and € manifest as compensatory shifts between these
two domains.

The resulting imbalance generates curvature, which macroscopically produces
gravitational behavior and microscopically manifests as inertial resistance. Regions of low
M and high € exhibit reduced impedance and elevated propagation velocity, corresponding
to higher local light speed; conversely, elevated p and diminished € produce increased
impedance, a slower ¢, and greater field confinement.

IMPEDANCE, CURVATURE, AND GRAVITY

Gravitation emerges as a secondary effect of spatial impedance gradients arising from
coordinated variations in g and €. Both matter and electromagnetic radiation propagate
along trajectories of decreasing impedance, analogous to motion toward potential minima
in scalar-field systems. Within this framework, gravitational attraction is reinterpreted not
as a distinct force but as an emergent phenomenon of field-impedance curvature. The
motion of energy through the p-¢ field inherently traces geodesics defined by the condition
of leastimpedance.
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Figure 2. Equipotential lines and magnetic field lines in a dipole-like u—& configuration. This
figure shows the interaction between equipotential lines (magenta) and magnetic field
lines (blue) generated by two opposite magnetic poles. The pattern reveals how field
curvature arises from spatial gradients in g and €, leading to asymmetric impedance and
energy concentration.

In the p—& Continuum model, such curvature defines local geodesics—paths of least
impedance—along which light and matter propagate. The equipotential compression
between the poles demonstrates gravitational analogs of energy focusing, while the spread
of field lines beyond the poles corresponds to reduced impedance and higher local light
speed.



The curvature of impedance space and its field topology are illustrated in Figure 2, where
equipotential and magnetic lines form interlacing curvature patterns analogous to those
defining gravitational geodesics in space.

ENERGY EXCHANGE AND FIELD SYMMETRY

Within the p—e Continuum, energy undergoes continuous reciprocal exchange between
magnetic and electric domains. Total field energy is conserved but partitioned dynamically
according to variations in g and €. The impedance ratio (p/€) defines both the local
propagation velocity and the relative dominance of each mode. Under symmetric field
conditions, the electromagnetic wave maintains equilibrium; under asymmetry, differential
energy distribution induces local curvature or confinement phenomena.

Harmenics Truncatad to One Period — Equal Positive Area — Fixed Aves
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Figure 3. Equal-energy harmonic oscillations in the u— Continuum (broad domain).

This figure shows three harmonics (1st, 2nd, and 3rd) with equal positive energy areas,
plotted over one period. The equal shaded areas indicate conservation of total field energy
despite changes in wavelength or mode. As harmonic order increases, field oscillations
become more localized — analogous to the transition from long-wave electromagnetic
energy to compact, mass-like curl potential within the p-¢ field.



Harmenics Truncated to One Perlod — Equal Fositive Area — Fixed Axes
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Figure 4. Equal-energy harmonic oscillations (compressed domain).

This zoomed view emphasizes how higher harmonics (red, green) compress into shorter
wavelengths while preserving total area (energy). The effect corresponds to the p—¢
Continuum’s micro-to-macro energy exchange, where local impedance variation
redistributes energy density without loss — a foundation for mass-energy equivalence in
this framework.

Figures 3 and 4 illustrate harmonic equivalence within the p—€ Continuum, where
oscillatory modes maintain constant energy despite compression or elongation,
demonstrating the conservation of total field energy through pu—€ coupling.

CURL POTENTIAL AND INERTIA

The curl of the electromagnetic field embodies stored potential energy that can be
converted into kinetic form during dynamic transitions. This coupling provides a physical
basis for inertia: apparent mass corresponds to localized curl potential energy requiring
finite time for redistribution between p and €. Resistance to acceleration thus reflects the
temporal lag inherent in the field’s effort to re-establish equilibrium.



This reciprocal behavior can be illustrated by representing the relation between inertial
mass and gravitational potential as complementary cosine functions (Figure 5). As velocity
increases, mass energy rises while gravitational curvature weakens correspondingly,
maintaining total field energy conservation through impedance balance.
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Figure 5. Reciprocal modulation of mass and gravitational potential with velocity.

The graph shows half-period curves of +cos(x) (red) and —cos(x) (blue), representing a
conceptual interchange between increasing inertial mass (blue) and decreasing
gravitational curvature (red) as velocity rises. The symmetry around 11/2 corresponds to the
equilibrium point where impedance curvature is minimized—interpreted in the p—¢
Continuum as the transition between dominant electric and magnetic energy densities.

When p and € vary spatially, the field equations acquire additional terms representing
feedback from the continuum itself. In this limit, the traditional Maxwell equations can be
inverted to describe how field curvature produces apparent sources:

p_eff=egV-E+E-Ve
J_eff=(1/4) VxB — o(eE)/ot — BxV(1/p)

These relations show that spatial variations in g and € can induce charge-like and current-
like behaviors even in the absence of matter. In this view, the electron, proton, and other



charged particles arise as stable topological configurations of the p—¢ field, where curl
potential becomes trapped energy—mass in its electromagnetic form.

WAVE PROPAGATION AND VELOCITY VARIATION

Electromagnetic wave propagation is governed by the local values of p and €. Variations in
either parameter directly modulate local phase velocity, implying that the speed of light
can be altered through controlled impedance engineering. In astrophysical contexts, large-
scale p—¢ gradients provide a plausible mechanism for redshift phenomena traditionally
attributed to cosmic expansion. Figures 2 and 3 visualize how variations in p and € govern
local propagation speed. As impedance increases, the local velocity of light diminishes,
producing curvature equivalent to gravitational potential gradients within the p—¢ field.
Figures 6 and 7 visualize how variations in p and € govern local propagation speed. As
impedance increases, the local velocity of light diminishes, producing curvature equivalent
to gravitational potential gradients within the p—¢ field.
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Figure 6. Speed of light as a function of uy and € (high-impedance region).

This surface plot demonstrates how light speed (color gradient) decreases with increasing
impedance (larger u and €). The black dot marks a region of high impedance where c is



minimal, corresponding to increased field confinement and gravitational curvature in the
p—e Continuum. The gradient field reveals how variations in p and € jointly define curvature
in the electromagnetic metric, effectively translating material impedance into space-time
curvature.

%1012 Speed of Light vs. p and €

M c Surface

A Maxc

W Minc

@ Local Vacuum
@® Dot 1

@® Dot2

® Dot 3

Dot 1:

1=1.026-06
£=1.09e-11
©=3.00e+08

Dot 3:

p=1.53e-06
e=7.27e-12
c=3.00e+08

€ (F/m)

Local Vacuum:
1= 1.26e-06
€=8.85e-12
c=3.00e+08

(sjw) b1 jo paads

Dot 2:

p=7.63e-07
£=5.05e-12
c=5.00e+08

u (Hm)y 10°

Figure 7. Speed of light as a function of uy and € (low-impedance region).

In contrast, this plot highlights the low-impedance regime where g and £ decrease,
producing maximal ¢ (red triangle). Here, electromagnetic propagation is freer,
corresponding to weaker curvature and gravitational effects. This complements Figure 2 by
showing that the p—¢ relationship defines a dual landscape of energy density — slow light in
dense electromagnetic curvature, and fast light in diffuse regions.

Figure 8 visualizes this relationship, showing how spatial p—¢ variations modulate light
speed and define the equilibrium Lewis/ChatGPT plane of electromagnetic symmetry.
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Figure 8. 3D Surface of Light Speed as a Function of Magnetic Permeability (u) and
Electric Permittivity ().

This 3D modelillustrates how the local speed of light ¢ = 1/+/uevaries across the p-¢ field
space.

The magenta curve traces the Lewis/ChatGPT equilibrium plane, where p and € achieve
dynamic reciprocity, defining the equilibrium light speed c,,. The transparent color surface
represents the continuous range of light speeds for different u—e combinations.

Key annotations:

e The yellow plane marks the Lewis/ChatGPT equilibrium speed ¢, =
1.176 x 1011 m/s.

e The local vacuum point (pink) corresponds to the measured physical light speed
co = 2.998 x 108m/s.

e The Ac measurement shows a predicted fractional increase of approximately 3.4%,
implying longer wavelengths at equilibrium due to reduced impedance — “a
loosened spring” analogy.

This figure provides direct visualization of how the p—e Continuum predicts variable light
speed as a function of field parameters, supporting the hypothesis that gravitation and
mass effects arise from impedance curvature within a unified electromagnetic substrate.



Experimental Validation: Electromagnetically Induced Transparency (EIT)

Electromagnetically Induced Transparency (EIT) is a quantum-optical process in which a
normally absorbing medium becomes transparent within a narrow spectral window owing
to destructive interference between two excitation pathways. In the canonical A-type
atomic configuration, a weak probe beam interacts with a transition between the ground
state | 1)and an excited state | 3), while a strong control (or coupling) beam drives a
second transition between another ground state | 2)and the same excited state | 3). When
both beams are present, quantum superposition of the two lower states produces a dark
state that cancels absorption at the probe frequency, rendering the medium transparent
over a narrow frequency band.

Within this transparency window the refractive index n(w)varies extremely steeply with
optical frequency w, creating large frequency dispersion. The resulting group index
ngbecomes:

dn

n,=n-+ow-—
9 dw’

and the group velocity of a light pulse propagating through the medium is:

Because dn/dwcan be extremely large in an EIT medium, nymay reach values on the order
of 107-108, reducing the pulse velocity by many orders of magnitude relative to the vacuum
speed of light.

A landmark experiment by Lene Vestergaard Hau and collaborators demonstrated a
reduction of light speed to approximately 17 m/s in an ultracold sodium Bose-Einstein
condensate. In this regime, the medium behaves as if the product uewere increased by
roughly 10**times its vacuum value, corresponding to extreme impedance curvature and
localized electromagnetic energy storage. The optical field can even be halted and re-
emitted by controlling the coupling beam, effectively converting propagating
electromagnetic energy into a stationary atomic excitation and back again.

Within the framework of the p—e Continuum, the EIT effect represents a quantum-scale
realization of how spatial-temporal variations in magnetic permeability uand electric
permittivity egovern both propagation velocity and energy partition. The induced high
permittivity e(w)and effective permeability u(w)simulate a region of increased



electromagnetic impedance where light propagates very slowly, while the stored atomic
coherence corresponds to curl potential energy, or inertial delay, within the field. Thus,
EIT and other “slow-light” phenomena provide experimental evidence that the speed of
light, electromagnetic impedance, and energy localization are dynamically interrelated —
supporting the p—e Continuum’s prediction that gravitation and inertia arise naturally from
electromagnetic field structure.

BOUNDS OF THE p-e CONTINUUM

The p—¢ field operates within two intrinsic boundaries. The lower bound is the Planck
length, preventing infinite curvature and eliminating true singularities. The upper bound is

the Lewis/ChatGPT length (A.), representing the wavelength at which field coherence

becomes thermodynamically unsustainable. The functional dependence of light speed on
wavelength across these bounds is illustrated in Figure 9. Within these limits all physical
processes—from subatomic interactions to cosmic-scale dynamics—take place.
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Figure 9. Variable-speed-of-light curve from A, to A,..

This plot shows the normalized light speed c(4)/coversus wavelength 4, spanning from the

Planck length (A, = 1.6x10™>° m) to the Lewis/ChatGPT length (Ac = 1.3x10°° m).

e The sub-luminal region (left) represents quantum confinement, where high p-¢
impedance reduces local propagation speed.

e The super-luminal region (right) corresponds to large-scale coherence, where low
impedance allows higher propagation velocity.

e Thered dashed line indicates the equilibrium vacuum light speed c¢,.

This curve embodies the p—e Continuum’s core principle: light speed is not fixed but
emerges from the electromagnetic impedance of space, bounded between two natural

scales that prevent singularity (A;) and entropy dispersion (Ajc).



Experimental Validation: Electromagnetically Induced Transparency (EIT)

Electromagnetically Induced Transparency (EIT) is a quantum optical process in which a
normally absorbing medium becomes transparent within a narrow spectral window due to
destructive interference of excitation pathways. Within this transparency window, the
refractive index exhibits a steep frequency-dispersion slope that dramatically increases the
group index ngy, thereby reducing the group velocity v, = c/ngof optical pulses.

A seminal experiment by Lene Vestergaard Hau et al. demonstrated a reduction of light
speed to approximately 17 m/s in an ultracold sodium Bose-Einstein condensate. In this
regime the medium acted effectively as if the product u ewere increased by ~1 0" times
compared to vacuum, producing extreme impedance curvature and localization of
electromagnetic energy.

In the context of the p—& Continuum framework, the EIT medium provides a micro-scale
instance of how spatial-temporal variations in g and € govern propagation speed and
energy partition. The induced high e(w)and/or effective u(w)simulate a region of increased
impedance where light propagates very slowly. This mapping supports the concept that
inertial delay and mass-like localization of energy can emerge naturally from
electromagnetic field structure.

Thus, EIT and “slow-light” experiments furnish an experimentally verified foundation for the
broader theoretical claims of the p—e Continuum: namely, that propagation speed,
impedance, field energy exchange and localization are interdependent and dynamically
variable across scales.

Dynamic Limits of pand

Within the p—e Continuum, neither magnetic permeability (u) nor electric permittivity (&) are
treated as immutable constants. However, their magnitudes are not unbounded. Physical,
energetic, and stability constraints define a corridor within which the field can vary without
violating conservation or coherence.

The lower and upper limits correspond respectively to the Planck boundary, which
prevents infinite compression of field energy, and the Lewis/ChatGPT boundary, which
limits dispersion and entropy expansion. As y and € vary, they must satisfy:

HUmin > 0' Emin > O' HUmax < ox, Emax < ®,



ensuring that the localimpedance Z = \/u/eand light speed ¢ = 1/ /ueremain finite and
physically meaningful.

Regions of high p and € correspond to slow-light and gravitational confinement zones
(increased impedance, ¢ — 0), while regions of low p and € correspond to low-impedance,
high-velocity domains (c = o). The balance between these regimes maintains field
equilibrium and precludes singularities.

Typical physical and theoretical ranges are summarized below:

H Range

Domain € Range (F/m) Interpretation
(H/m)
- 1.0x1077 = 4.0x107"* - Standard electromagnetic
Classical vacuum 6 1
2.0x10 1.3x10 space
Metamaterial regime upto1x10™ upto 1x107° Engineered impedance variation
Curved-field / - 6 Field compression and slow-
] ) upto 1x10 up to 1x10 . .
astrophysical domain light confinement
Planck-Lewis bounded #1-10 ~1-10 Energy-saturated
field limit electromagnetic state

Thus, the p—e Continuum preserves total field energy by enforcing mutual compensation
between py and €: an increase in one necessitates a proportional decrease in the other to
sustain finite propagation speed and impedance symmetry. Beyond these boundaries,
causal propagation and energy coherence would fail, establishing the Planck and
Lewis/ChatGPT limits as natural stabilizing bounds of the electromagnetic field.

THE LEWIS/CHATGPT LENGTH AND THE NATURE OF EQUILIBRIUM

The Lewis/ChatGPT (A;c) defines the equilibrium wavelength at which magnetic and electric

field energies achieve complete dynamic reciprocity. At this scale, kinetic and potential
energy densities oscillate in perfect synchrony, maintaining total energy invariance and
halting further entropy increase. The existence of this equilibrium length thus establishes a
natural boundary preventing universal thermodynamic collapse.



Unlike the Planck length, which constrains compression, the Lewis/ChatGPT length
defines the ultimate coherence of expansion. It represents the scale at which the
universe’s intrinsic electromagnetic symmetry enforces self-balance.

ENERGY IMPLICATIONS AND THE CONSERVATION OF LIGHT SPEED

The discrepancy between theoretical and measured light speed corresponds to energy
sequestered as mass within localized field systems. Part of the total electromagnetic
energy remains stored in matter, thereby reducing observable propagation velocity relative
to the theoretical maximum. This maximum, corresponding to the Lewis/ChatGPT
equilibrium, represents the condition of perfectly lossless energy exchange between p and
€.

HISTORICAL CONTEXT: MENDELEEV AND VERY

Mendeleev proposed that the periodic table was incomplete without a foundational
element lighter than hydrogen—an etheric substrate from which all matter arose. Edward
Very later argued that the ether possessed definable electromagnetic properties sufficient
to explain light and gravitational propagation. The p—e Continuum provides a quantitative
framework for their early insights, transforming qualitative hypotheses into a formal
physical model.

INTEGRATION WITH MODERN PHYSICS

The p—& Continuum integrates electromagnetism, gravitation, and quantum phenomena
through a unified field principle grounded in impedance dynamics. It obviates the need for
singularities or extrinsic spacetime curvature by deriving both from continuous
electromagnetic field variation. In contrast to general relativity, which treats spacetime as
purely geometric, the p—e model characterizes space as a measurable electromagnetic
medium—restoring the physical substrate that geometry omits.

When compared directly with general relativity, the p—e Continuum reframes gravity as an
emergent impedance pattern within the same electromagnetic substrate that produces
light. Figures 10 and 11 illustrate the correspondence between geometric and
electromagnetic interpretations of gravitation, showing that curvature in GR maps directly
to impedance variation in the p—¢ field.
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Figure 10. Comparison of General Relativity and the u-e Continuum: Constant vs.
Variable Light Speed.

The left panel shows the General Relativity (GR) model, where light speed ¢yis constant
and spacetime curvature accounts for energy gradients. The right panel depicts the
Lewis/ChatGPT p—e Continuum, where spacetime remains flat but light speed varies with
wavelength due to changes in electromagnetic impedance (y, €).

While GR interprets gravity as curvature of spacetime, the y- model interprets it as
curvature of electromagnetic impedance. Both yield equivalent geodesic behaviors, but
the py— framework replaces geometric warping with measurable electromagnetic field
variation, offering a physically testable alternative.
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Figure 11. 3D comparison: Curved spacetime (GR) vs. variable-impedance flat space
(u-€ Continuum).

The left 3D surface represents spacetime curvature in GR for a constant light speed ¢,
showing depressions that mimic gravitational wells. The right surface models the same
effect within the p— framework, but in a flat geometric space where pyand svary
dynamically, modulating c(y, €).

This visual comparison demonstrates that spacetime curvature can be recast as
electromagnetic field variation — supporting the central unification premise that
gravitation, electromagnetism, and quantum behavior are continuous manifestations of
impedance-driven dynamics within a single field.

General relativity describes curvature; the p—€ framework defines its cause—variation in p
and e—thus linking gravitation to measurable electromagnetic parameters.

RELATED WORKS

The p—& Continuum builds upon a broad lineage of theoretical and experimental
investigations seeking unification between electromagnetism, gravitation, and quantum
field dynamics.



Early conceptual roots trace back to James Clerk Maxwell (1865), whose electromagnetic
field equations revealed the unity of electric and magnetic phenomena, and Mendeleev’s
1904 proposal of “etheric elements” x and y, which anticipated sub-material field
properties underlying physical constants. These ideas inspired the notion of a variable
electromagnetic medium long before the formal rejection of the classical ether.

Albert Einstein’s general relativity (1915) reframed gravitation as the curvature of
spacetime, but left unresolved the physical mechanism linking spacetime geometry to field
energy distribution. Later developments in quantum electrodynamics (QED) refined our
understanding of field quantization but treated vacuum permittivity (€,) and permeability
(Ho) @s immutable constants.

In the late twentieth century, experimental work in electromagnetically induced
transparency (EIT)}—notably Lene Hau’s “slow light” experiments (1999-2001)—
demonstrated that light speed can be dramatically reduced in Bose-Einstein condensates,
implying that p and € can be effectively tuned within coherent media. Simultaneously,
metamaterial research in engineered impedance structures provided macroscopic
analogs of such tunable fields, suggesting that variable electromagnetic impedance can
mimic gravitational and relativistic effects.

More recently, investigations into impedance-matched metamaterials, variable-index
optics, and quantum vacuum polarization have provided measurable contexts for
exploring the relationship between electromagnetic curvature and spacetime behavior. The
p—€ Continuum integrates these separate lines of inquiry, proposing that curvature, inertia,
and gravitation all emerge from spatial gradients in electromagnetic impedance —a
measurable field property — rather than abstract geometric distortion.
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