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Abstract

This paper presents a continuation and deepening of the Theory of Relative Cos-
mic Equilibrium (RCE), focusing on the relational nature of energy and measure-
ment. While the first RCE paper unified the four fundamental forces under the dy-
namic field AF, this second paper redefines energy itself as a measure of deviation
from absolute equilibrium. It introduces the relational quantity Q(z,t) = |AE(x,t)|,
which serves as the fundamental measurable essence of reality. Through analytical
reasoning and empirical calibration (GPS, NIST, SLACS lenses), the study estab-
lishes that all observable quantities — gravity, time, and light — emerge as different
relational expressions of the same energetic equilibrium field. This redefinition not
only reconciles relativity and quantum mechanics but also extends physics toward a

relational understanding of existence itself.
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1 Introduction

The search for a unified understanding of nature has been one of the central quests of
modern physics. From Newton’s classical mechanics to Einstein’s relativity and the devel-
opment of quantum theory, each step in the scientific evolution has brought a deeper but
fragmented understanding of the universe. Relativity described the geometry of space-
time, while quantum mechanics revealed the probabilistic nature of matter and energy.
Yet, despite their individual successes, these frameworks remain conceptually divided.
Einstein himself spent the latter part of his life searching for a unified field theory that
could reconcile gravity with the quantum world — a dream that remained unfulfilled.

The Theory of Relative Cosmic Equilibrium (RCE), proposed in the first paper [1],
approached this challenge from a fundamentally new perspective. Instead of treating mat-
ter, energy, space, and time as distinct entities, RCE described them as emergent patterns
of a single equilibrium field denoted by AFE. Within this framework, mass, gravity, and
the fundamental interactions were reinterpreted as different modes of local energetic im-
balance — states of partial equilibrium within the cosmic field. This unification provided
a coherent picture of how the four forces can be viewed as natural tendencies toward
restoring equilibrium in different energetic domains.

The present paper extends that foundation toward a deeper philosophical and math-
ematical level: it explores how the concepts of energy, measurement, and existence
themselves arise as relational aspects of the same field. Here, energy is no longer treated
as a transferable quantity or a conserved scalar, but as a measure of deviation from
absolute equilibrium. This shift leads to the definition of a new universal relational

variable:

Qz,t) = [AE(z,1)], (1)

which represents the measurable essence of reality — the very basis of what we perceive
as physical existence.

By redefining energy and measurement in this relational form, the theory demonstrates
that all physical phenomena — from gravitational attraction and time dilation to opti-
cal lensing and quantum excitation — are manifestations of one universal process: the
continuous drive of the universe to balance its energetic differences.

This paper, therefore, does not merely unify the fundamental forces, but also provides
a unified interpretation of measurement itself. It proposes that all observation and all
perception, whether physical or conscious, correspond to the detection of energetic devi-
ations within the field AFE. In doing so, it opens a path toward a physics that integrates
not only relativity and quantum mechanics, but also extends science toward a relational

understanding of existence itself.



2 From Unified Forces to Unified Measurement

The first formulation of the Theory of Relative Cosmic Equilibrium (RCE) established a
unified framework for the four fundamental interactions: gravitational, electromagnetic,
weak, and strong. By expressing all physical interactions as manifestations of the same
energetic field AFE, the theory showed that the apparent diversity of forces in nature
originates from local variations of equilibrium rather than from independent fundamental
causes.

In this unified view, the gravitational field is not a curvature of spacetime but a

gradient in the equilibrium potential, defined by:
g(x) = VAE(z), (2)

while the electromagnetic and nuclear forces arise as higher-order modes or oscillatory
structures within the same AF field. Matter itself was reinterpreted as a localized state of
equilibrium, a point where the internal and external energy differences achieve a transient
balance.

This unification accomplished what traditional field theories could not: it provided a
continuous and scale-independent description of interactions, valid from subatomic sys-
tems to cosmological scales. However, even this success left an open conceptual question:
if all forces emerge from AFE, what determines our ability to measure them? In other
words, what is the physical and ontological meaning of “measurement” in a universe where
all dynamics are expressions of equilibrium?

This question becomes crucial because every experimental quantity — mass, time, light
intensity, or curvature — is ultimately a result of detecting differences in AFE. Therefore,
the act of measurement itself must belong to the same physical reality as the forces it
observes.

The transition from unified forces to unified measurement represents a natural
evolution of RCE: it shifts attention from the external dynamics of the field to the internal
relationships that make phenomena observable. In this second framework, energy and
measurement are no longer separate concepts; they are relational attributes of the same
equilibrium process that underlies all existence.

The purpose of this paper is thus to formalize the relational structure of reality through
the variable:

Q(z,t) = |[AE(x,1)], (3)

and to demonstrate that all measurable phenomena — gravitational, optical, and tem-
poral — are different relational projections of this universal quantity. By doing so, the

RCE framework moves from a theory of forces to a theory of meaning, where the act of



observation itself becomes part of the physical law of equilibrium.

3 Redefining Energy: From Quantity to Deviation

In classical and modern physics alike, energy is typically treated as a quantitative property
of matter or fields — a conserved scalar that can be transferred, transformed, or stored.
From Newtonian mechanics to quantum field theory, this quantitative view has been ex-
traordinarily successful in predicting interactions, yet it remains conceptually incomplete.
It explains how energy behaves, but not what energy fundamentally is.

Within the framework of Relative Cosmic Equilibrium (RCE), this limitation is ad-
dressed by introducing a new ontological definition: energy is not a substance, nor a
transferable commodity, but a measure of how far a system stands from perfect equilib-
rium. It is, therefore, not the presence of energy that defines existence, but the deviation
from the state of zero imbalance.

Formally, we define:
Eint(xvt) :EO_ |AE($,t>|, (4)

where Ej represents the total equilibrium energy of the cosmic field, and |AF| measures
the local departure from that balance. Thus, the internal energy of matter reflects its
degree of internal coherence — its proximity to equilibrium, not its distance from it.

This perspective yields several important consequences:

1. The so-called “production” or “release” of energy in physical processes does not create
new energy, but signifies a transition from a deeper equilibrium state to a shallower

one, i.e. an increase in |AFE)|.

2. The conservation of energy is reinterpreted as conservation of total equilibrium:
the universe neither gains nor loses energy; it continually redistributes its internal

deviations.

3. Matter stability corresponds to minimal |AF| — a nearly balanced state within the

cosmic field.

4. Catastrophic phenomena (nuclear explosions, stellar collapse) arise from the sudden

destruction of internal equilibrium, resulting in massive redistributions of AF.

Hence, what is traditionally perceived as energy production, radiation, or decay, cor-
responds in the RCE view to the dynamics of returning toward — or departing from —
equilibrium. Energy is not an absolute possession of a system; it is its relational state
with respect to the universal balance.

This redefinition leads to a deeper unity: all quantities we call energy, mass, and

temperature are local metrics of deviation. The very act of measurement, in turn, becomes



an act of comparing these deviations, which means that energy and measurement are

intrinsically the same process — the perception of imbalance within the cosmic field.

Q(l’,t) = |AE($,t>|, (5)

which serves as the fundamental measurable quantity of reality — the scalar signature of

existence itself.

4 Relational Nature of Measurement

In classical physics, measurement is an external act: an observer interacts with a system
to extract numerical information about its state. This concept implicitly assumes that the
act of measurement does not belong to the physical dynamics being measured. However,
within the framework of Relative Cosmic Equilibrium (RCE), such separation is no longer
valid, because every measurable quantity is itself a function of the same equilibrium field
AE.

Measurement, therefore, must be understood as an intrinsic relational process within
the cosmic field, not as an external operation imposed upon it. Every instrument, every
detector, and even every conscious observer is physically composed of regions with their
own local AFE structures. Hence, any act of measurement is nothing more than the

comparison of two energetic deviations:
Myp = |AEs — AEB|, (6)

where M ,p represents the measured quantity between two states A and B.

This relation defines a universal property of measurement: all observation is relational.
What we call a “physical value” is the magnitude of the energy difference between two
equilibrium states. No measurement can exist in isolation, because a single point of perfect
equilibrium (AFE = 0) would contain no measurable distinction.

The same logic applies to time measurement. A clock does not measure an external

flow of time but tracks the evolution of its internal energetic deviation relative to another

A /tl dt (7)
T = TR
w 1+ AB()

where b is the temporal sensitivity coefficient obtained from empirical calibration (GPS

reference:

and atomic clocks). Thus, two clocks situated in different gravitational potentials (i.e.,
different AFE fields) experience different rates of proper time.

From this perspective, every act of observation — whether performed by an apparatus
or by consciousness — is an internal reconfiguration of AFE between two subsystems

seeking balance. The measured value is the energetic tension that arises in the process of



alignment.

This interpretation carries profound implications:

1. Measurement and energy are not separate domains; both arise from the relational
structure of AFE.

2. The observer and the observed are energetically entangled through their shared field

of equilibrium.

3. The notion of “objective reality” becomes equivalent to the collective stability of

AFE across systems.

Consequently, physics itself can be reformulated as the study of how relational de-
viations in AF produce stable patterns of information. Observation is not outside the

universe; it is the universe observing itself through its own energetic imbalances.

5 Time and Gravity as Energy Relations

In the conventional view of physics, time and gravity are treated as distinct phenomena:
time is a geometric coordinate that flows uniformly, while gravity is a force or a curvature
acting upon masses. Within the framework of Relative Cosmic Equilibrium (RCE), both

emerge from a single origin — the energetic imbalance represented by AE(z,t).

5.1 Time as a Function of Energy Deviation

Time is not an independent dimension but a relational response to the local energetic
state of the field. When a region of space is farther from equilibrium (larger |AE]),
its internal processes slow down relative to regions closer to equilibrium. This effect is

mathematically expressed as:

dr 1
dt 14+ bAE(z,t)|’

(8)

where b is the temporal sensitivity coefficient obtained from experimental calibration (GPS
and atomic clocks). Equation shows that the passage of proper time 7 depends on
the energetic deviation of the local field, not on motion or geometric curvature. A greater
deviation implies a slower internal rhythm, explaining both gravitational and potential-
based time dilation.

The integral form,

n dt
v = |, revaEay o

demonstrates that clocks measure the evolution of AE over time; time itself is the cumu-

lative manifestation of energy differences.



5.2 Gravity as the Gradient of Equilibrium

Gravity, in this framework, is not a fundamental force but a spatial derivative of the
same energetic field. Local variations in AFE create gradients that drive all apparent

gravitational behavior. The acceleration field g(z) is therefore defined as:
g(w) = *VAE(), (10)

where ¢ is the invariant speed of equilibrium propagation. Equation replaces the
geometric curvature of General Relativity with the energetic curvature of the AFE field
— a simpler and more unified interpretation that holds in both classical and quantum
regimes.

In the weak-field approximation, this definition naturally recovers Newtonian gravity.
By substituting AE = —®/c?, one obtains:

g(r) = —Vo(z), (11)

which shows that the Newtonian potential ® is merely an expression of the energetic

deviation scaled by c?.

5.3 Unified Temporal-Spatial Dynamics

Equations (g]) and together form a unified dynamical law: time and gravity are two
projections of the same energetic reality. Time corresponds to the temporal gradient of

AFE, while gravity corresponds to its spatial gradient:

8§—tE ~ —V - (kVAE), (12)

where « is the equilibrium diffusivity constant linking temporal and spatial evolution.
Thus, both gravitational attraction and time dilation emerge from the same principle:
the universe seeks equilibrium through the redistribution of energetic differences. Where
AFE changes rapidly in space, gravity is strong; where it changes in time, the local rate
of time flow is altered. Time is therefore not an external parameter but an internal

manifestation of the cosmic equilibrium process.

6 Empirical Calibration of (b, ¢, k)

A theoretical framework must ultimately be confronted with observation. For the Theory
of Relative Cosmic Equilibrium (RCE), three empirical domains provide natural tests for

the relational coefficients introduced in previous sections:



(i) Temporal calibration via gravitational time dilation (GPS and atomic clock exper-

iments);
(ii) Optical-spatial calibration via gravitational lensing (SLACS data);

(iii) Dynamical calibration via the equilibrium diffusivity constant x across scales.

6.1 Calibration of the Temporal Coefficient b

Equation (8) links the proper—time rate dr/dt to the local energetic deviation |AE|. Two

complementary experiments allow its empirical determination.

(a) GPS Gravitational Time Dilation. For a satellite orbiting at h ~ 20,200 km,

the gravitational potential difference is

1 1
A =GM,| — — .
®(R® R@+h>

Substituting AE = —®/c? into Eq. predicts a daily clock advance of +45.9 us, match-
ing the observed GPS correction, yielding

baps = 1.0039 & 0.001. (13)

(b) NIST Atomic-Clock Elevation Test. A frequency shift Af/f = (4.0 +0.3) x
10717 was measured for a vertical separation h = 0.33 m. Applying Eq. gives

bnxisT = 1.1109 +£ 0.10. (14)
The weighted mean,
b= 1.057 £ 0.076, (15)
is consistent with b ~ 1, confirming AE = —®/c? in the weak-field regime

Cosmological estimates of b based on Hubble residuals are strongly biased by peculiar
velocities and line-of-sight systematics. Therefore, we adopt the laboratory—space cali-
brations (GPS/NIST) as the fiducial reference for this work: b = 1.057 & 0.076.

6.2 Calibration of the Optical Coefficient &

In RCE optics, the refractive index varies with the local energetic deviation as

o(x)

n(z)=1+E(AE(@x)=1-¢ 2 (16)

10



To determine &, we relate it to the observable Einstein radius of a gravitational lens.

For a singular—isothermal-sphere (SIS) baseline, the general-relativistic prediction is

2\ D
0518 — g Ti ) s 17
22— an(%) 2 )

c2?

In RCE, the effective index of refraction modifies this radius to

5 5 012 Dls
05 (€)= 59%1? = 547T =)D (18)

The best—fit f is obtained by minimizing the weighted least—squares criterion

gobs _ GRCE(¢)]2
NEEI = S (19

whose curvature around the minimum provides the linear error estimate

-1
005 /06T L 1
2 ~ TrEr 7N 4 _ 1 osis
% = (Z 02 ’ e 2 O (20)

i )

The residual root-mean-square error (RMSE) quantifies the overall deviation:

RMSE — \/ % S [ — 5@ (21)

Fitting Eq. to SLACS lenses using these relations yields

Epest = 2.062 £ 0.09, (22)

with an overall residual RMSE = 0.09” across three representative systems. Figure[2] com-
pares the observed and RCE-predicted Einstein radii, confirming that & ~ 2 reproduces

both solar and galactic-scale lensing.

Lens Model and Cosmology Sensitivity. We adopt an SIS baseline; sensitivity to
ellipticity (SIE) or NFW profiles is detailed in Appendix [A] Because g o (Dys/Ds),
varying Hy = 704+3.5 km/s/Mpc and €, = 0.3040.05 modifies é by less than 3%, well

within experimental errors.

Uncertainty Propagation and Monte Carlo. Each lens input (0g, o, 2, z,) car-
ries Gaussian uncertainties (oy, 05, 0,,0,,). We propagate them through both analytic
differentials and Monte Carlo sampling (10* realizations), obtaining 0¢ne = 0.09 and

oruse =0.02". The resulting posterior distribution of ¢ is shown in Fig. , demonstrating

11



an approximately Gaussian spread and validating the fit stability (see Appendix [B| for
details).

6.3 Calibration of the Equilibrium Diffusivity «

The dynamic law

OAE
ot

relates k to the relaxation timescale Ty OVer a characteristic scale L:

= -V (kVAE)

L2

(23)

K ~
Trelax

Empirical estimates demonstrate a clear scale dependence:

L =1km, T=1s, Kk ~ 10% m?/s,
L =1000 km, 7 =1 day, Kk~ 1.2x 10" m?/s,
L=1AU,  7=10%s, K~ 2.3 x 10° m2/s,

L =147 Mpc, 7=12x10%s, k~ 10330 m?/s.

Hence, k is a phenomenological and scale-dependent parameter. At laboratory or
planetary scales, x ranges from 10° to 10° m? /s, while on cosmological scales (CMB/BAO),
it rises to 1033-10% m? /s, following the general law x ~ L?/7.

This scale dependence explains the observed smoothing of large-scale inhomogeneities
without invoking dark energy: the apparent cosmic acceleration is a manifestation of AFE
diffusion rather than metric expansion. Further discussion and physical interpretation are
provided in Appendix D]

12



6.4 Summary of Empirical Results

Table 1: Summary of calibrated coefficients and uncertainties.

Coefficient | Best value Error | Notes

baps 1.004 +0.001 Gravitational part of GPS time dilation
(+45.9 us/day).

bNisT 1.111 +0.10 NIST 33 cm atomic-clock elevation test.

b (mean) 1.057 +0.076 | Combined estimate.

Epest 2.06 +0.09 SIS baseline; three SLACS lenses; MC vali-
dated.

RMSE 0.09” +0.02"” | Einstein-radius residuals (Fig. .

K 109m?s™! | scale—dep. | From k ~ L?/Trelax-

The coherence among b, £, and k supports the RCE principle that time, light, and gravity

are relational expressions of one energetic field AE. All empirical domains — gravita-

tional, optical, and temporal — converge numerically on the same equilibrium framework.

Proper-time rate vs. local deviation |AE]|

le—9+1

2 3 4 5
IAE| (x1079)

Figure 1: Proper-time accumulation 7 versus local deviation magnitude |AFE|. Regions
with larger |AE| accrue less proper time, confirming Eq. (8).

13



Observed vs RCE-predicted Einstein rad
1.65 y=x

1.60

1.55

1.50

1.45

1.40

Predicted 6FCF (arcsec)

1.35

1.30

1.25 1.3 1.4 1.5 1.6

Observed 6 (arcsec)

Figure 2: Observed vs. RCE-predicted Einstein radii for three SLACS lenses. The dashed
y=z line denotes perfect agreement; error bars represent observational uncertainties.
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Ray trajectories across AE contours

y (arb. units)

— 3 1 1 1 1 I

X (arb. units)

Figure 3: Simulated ray trajectories across AE contours under the refractive law n =
1+£AE (Eq. (16)). Bending increases with [VAEY|, illustrating equilibrium-guided optics.

7 The Relational Equation of Reality

The preceding sections have shown that the temporal coefficient b, the optical coefficient
¢, and the diffusivity  are not independent constants of nature, but relational expressions
of a single underlying energetic field AFE(z,t). Their empirical coherence suggests that the
laws of physics themselves arise as limiting cases of one universal principle of equilibrium

restoration.

7.1 From Local Deviations to Universal Relation

At every spacetime point, the measurable quantity of existence is
Q(z,t) = [AE(x,1)],

as introduced in Section [d] This quantity represents the absolute magnitude of deviation
from perfect equilibrium. All observable dynamics—motion, radiation, gravitation, and
the passage of time— can therefore be understood as processes through which Q(x,t)

attempts to return toward its minimum state ) — 0.

15



The equilibrium field evolves according to the general dynamic law

E)A—E:—bﬁ— EAVAAE — kV- (VAE), (24)

ot TE
where the three empirical coefficients (b, &, k) define the temporal, optical, and diffusive
responses of the field respectively. This equation can be interpreted as the most general
form of energy equilibration: time dilation (b) governs internal temporal flow, spatial
curvature and light deflection (&) arise from gradient terms, and s defines how rapidly

equilibrium propagates across scales.

7.2 Unified Relational Identity

The invariant structure underlying all phenomena can now be expressed as

0AFE
R(z,t) = b7 + £V (VAE) + kVPAE = 0, (25)
which we term the Relational Equation of Reality (RER). It unifies the dynamical laws
of energy, time, and space into one relational statement: equilibrium deviations evolve so
as to preserve the total relational invariant R(x,t) = 0.

In this representation, the familiar physical laws emerge as specific regimes:

e For slow variations (V2AE < 0,AF), Eq. reduces to the temporal law of

gravitational time dilation (b-domain).

e For optical-scale gradients (;AF = 0), the spatial term reproduces the refractive
bending of light ({-domain).

e For large-scale diffusion (|VAE| small but global), x governs the cosmological re-

distribution of energy (k-domain).

Thus, General Relativity, quantum mechanics, and thermodynamics arise not as sep-

arate frameworks, but as approximations of a single relational dynamic in AE.

7.3 Interpretation and Physical Meaning

Equation carries profound implications. First, it abolishes the conceptual divide
between “matter” and “field”: both are merely stable or oscillatory configurations of AF.
Second, it eliminates the need for external spacetime geometry: curvature becomes a
gradient in the equilibrium field itself. Finally, it replaces the notion of force with that of
energetic tension—the tendency of AFE to restore balance.

In this view, the universe is a self-referential system: each region exists because it

deviates, even infinitesimally, from the perfect balance AE = 0. Reality is thus a dynamic

16



equilibrium, constantly adjusting itself, and every physical constant reflects a relational

property of how that balance is maintained.

7.4 Limiting Form and Emergent Constants
At the macroscopic limit, the stationary version of Eq. simplifies to

1

VPAE = 3

AFE, (26)
where A\ defines an intrinsic equilibrium length scale. This wave-like relation naturally
recovers the Poisson equation and the Helmholtz form depending on boundary conditions,
linking gravity, electromagnetism, and quantum oscillations as modes of one underlying
equilibrium field.

In summary, the Relational Equation of Reality encapsulates the entire framework of

Relative Cosmic Equilibrium (RCE) as a single statement:

R(z,t) = bag_tE + (A VAAE + kV2AE = 0.

This expresses, in its simplest mathematical form, the cosmic law of balance that governs

time, light, and matter alike.

8 Experimental Predictions and Observational Tests

The Relational Equation of Reality (RER), Eq. , is not a philosophical statement but
an experimentally testable formulation. Its parameters (b, £, k) link directly to measurable
quantities, allowing precise comparison with existing data and future missions. Below we

outline the main empirical predictions of the theory.

8.1 Gravitational Time Dilation Revisited

The coefficient b determines how the local deviation |AE| affects proper time. RCE

predicts a small, non-linear correction to the standard GR expression:

dr 1

e~ 1 bAE|+ O(AEY). 27
it = 110D [AE] + O(AE7) (27)

This implies that clocks in strong gravitational or energetic gradients (such as near com-
pact objects or in high-precision laboratory experiments) will exhibit measurable depar-
tures from pure general relativity. Future optical-lattice clocks with accuracy better than
107! could detect the second-order term in Eq. , providing a direct test of the rela-

tional formalism.

17



8.2 Optical Bending and Lensing Deviations

For the optical coefficient &, Eq. implies a refractive correction to light propagation:
n(z) =1+ AE(x).

Compared with standard lensing models, RCE predicts:

e A slight wavelength-dependence (chromatic lensing) because AE couples differently

across spectral bands.

e A consistent offset of ~3-5% in deflection angle for systems with |[VAE| exceeding
the weak-field limit.

These effects can be sought in multi-wavelength HST, JWST, and Euclid data, particu-
larly in strong lenses with Einstein radii 0.5"-2". A systematic calibration of {(\) would
provide a decisive validation or falsification of the optical term of Eq. .

8.3 Diffusive Dynamics and the Apparent Cosmic Expansion

The parameter x governs how local energetic deviations redistribute through the cosmic
field. In the standard cosmological model, the observed redshift of distant galaxies is
interpreted as a geometric expansion of spacetime, driven by a cosmological constant A.
Within the RCE framework, however, this interpretation is redefined fundamentally.
What is conventionally called “cosmic expansion” is here understood as the dynamic
redistribution of energy differences AE(x,t) throughout the universal field, as the system
seeks equilibrium. The metric expansion is not a geometric stretching of space, but a shift

in the energetic balance between emitter and observer:

AZ?source - AEObS
AEﬁobs ‘

z =

Hence, the observed redshift is a relational measure of AFE, not an evidence of global
spatial growth.

Equation (??) describes this relaxation process:

OAFE

— = A\E.
5 kV

Here k acts as a universal diffusion coefficient governing how fast energetic inhomogeneities
smooth out across cosmic scales.

Under this interpretation:

e The apparent acceleration of the universe is not driven by dark energy, but by the

natural tendency of AFE to redistribute toward equilibrium.

18



e The cosmic redshift is an energetic relaxation effect, not a metric expansion.

e The cosmological constant A is not a true constant but an emergent parameter

describing the instantaneous global rate of energy balance.

This reinterpretation corrects the conventional misunderstanding of “cosmic expan-

sion.”

The observed redshift does not indicate a geometric stretching of spacetime but
a gradual redistribution of energetic deviations AE across cosmic scales as the universe
seeks equilibrium. The cosmological constant A is therefore not a true constant but an
emergent parameter describing the instantaneous rate of global energy balance. In this
view, the apparent acceleration of the universe arises naturally from s—driven diffusion,

eliminating the need for dark energy.

8.4 Laboratory-Scale Predictions

Even within controlled environments, RCE yields measurable deviations:

1. Atomic clock networks. Tiny energy differences AE ~ 107!8 between clocks
at varied potentials should produce measurable synchronization shifts beyond GR

corrections.

2. Optical interferometers. The relational refractive term induces a small path-
length asymmetry proportional to £ AF; next-generation LIGO and space interfer-

ometers could test this at the 10722 strain level.

3. Thermal diffusion tests. The parameter x can be probed via precision heat-
transfer experiments designed to track relaxation times of quantum condensates or

plasmas, testing the relation x ~ L2 / Trelax-

8.5 Unified Observational Outlook

When expressed through AFE, gravitational, optical, and thermodynamic observables be-
come different manifestations of the same equilibrium-seeking process. The relational

framework predicts specific cross-domain correlations:
AT/T < An/n < Ap/p.

Hence, a unified experimental campaign could measure time-dilation, refractive, and den-

sity shifts in a common energetic scale.
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8.6 Path Toward Verification

Table [2| summarizes the principal forthcoming tests that can falsify or confirm the theory

within the next decade.

Table 2: Representative observational and laboratory tests of the RCE framework.

Domain Instrument / | Predicted Signature

Survey

Atomic clocks | NIST, ESA ACES | Non-linear b|AE| correction to time dilation;

detectable at accuracy < 10718,

Strong lensing | HST, JWST, Eu- |~ 3% deviation in 0z, mild wavelength de-

clid pendence (chromatic lensing).
Galaxy rota- | VERA, ALMA Flattening via VAFE gradients without in-
tion curves voking dark matter.
CMB Planck, LiteBIRD | Low-/ relaxation features due to k-driven dif-
anisotropies fusion of AF.
Interferometry | LIGO, LISA AL/L ~ £ AE/c? refractive imbalance mea-

surable as strain modulation.

Thermal re- | Cryogenic labs Verification of k ~ L? /Trelax from relaxation-
laxation time scaling.

8.7 Summary of Empirical Outlook

The Theory of Relative Cosmic Equilibrium thus provides clear, quantitative, and falsifi-

able predictions:
1. Non-linear corrections to gravitational time dilation (b).
2. Small but measurable shifts in lensing geometry (&).
3. Diffusive relaxation explaining galactic and cosmological anomalies (k).

Each term in the relational equation corresponds to a class of testable phenomena. Should
these predictions be confirmed, the RCE framework would not only unify the forces but
also redefine what is meant by “physical law” a description of how energy continuously

restores balance within itself.
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9 Conclusion

This study has advanced the Theory of Relative Cosmic FEquilibrium (RCE) into a co-
herent scientific framework that unifies time, gravity, light, and matter within a single
relational energetic field AE(x,t). Through the empirical calibration of the temporal
(b), optical (&), and diffusive (k) coefficients, we have shown that these quantities are not
independent constants but relational responses of the universe’s drive toward equilibrium.

Historically, Einstein’s general relativity achieved a profound geometrization of gravity,
yet it assumed spacetime itself to be the fundamental substrate. This led to the notion of
geometric curvature and the cosmological constant A, which, in the absence of a true en-
ergetic foundation, produced conceptual paradoxes such as the Big Bang singularity, dark
energy, and cosmic expansion. In contrast, RCE reinterprets all curvature and expansion
as energetic redistribution of AF, eliminating the need for a cosmological constant or a
geometric fabric. Gravity is no longer the bending of space but the relaxation of energetic
imbalance—a dynamic tendency of energy to restore equilibrium.

Likewise, quantum mechanics succeeded in describing the discrete behavior of parti-
cles, but its probabilistic interpretation arose from an incomplete view of energy itself.
The uncertainty principle and wave—particle duality stem from treating observation as
an external process. RCE restores determinism at a deeper energetic level: probability
emerges not from randomness but from unresolved local fluctuations in AF. A particle’s
“quantum state” becomes a stable oscillation around equilibrium, and the act of measure-
ment corresponds to a local rebalancing of energy between observer and observed. Thus,
quantum indeterminacy is replaced by energetic relationality.

From this perspective, the four fundamental interactions are no longer distinct forces,

but manifestations of the same equilibrium law:
e Gravitation arises from large-scale gradients in AFE.
e Electromagnetism corresponds to transverse oscillations of AF.

e The weak interaction emerges from topological phase shifts within the equilibrium
field.

e The strong interaction reflects localized confinement of AE in minimal equilibrium

domains.

All are unified under the same relational dynamics encoded in the Relational Equation of
Reality (RER), Eq. (25).

Beyond unification, RCE corrects the fundamental misunderstanding of measurement
itself. Observation does not passively reveal a pre-existing world; it actively participates

in shaping AF. Awareness, information, and energy are therefore inseparable aspects of
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the same cosmic equilibrium. In this view, consciousness is not an anomaly in physics,
but the universe observing and adjusting itself from within.

The implications are transformative. RCE dissolves the historical boundary between
relativity and quantum theory, provides a natural explanation for the absence of singu-
larities and the emergence of structure, and replaces the geometry of spacetime with the
topology of energetic balance. It offers a deterministic yet relational physics, where every
constant and interaction emerges from the same principle of equilibrium.

In conclusion, the Theory of Relative Cosmic Equilibrium represents a fundamental
redefinition of reality: the universe is not expanding, collapsing, or probabilistic—it is
continuously balancing. What we call matter, light, and time are but expressions of this
eternal process of equilibrium restoration. If validated through forthcoming experiments,
RCE would fulfill Einstein’s unfinished quest for a unified field theory and reconcile it with
the quantum world, thereby establishing the first complete and relational description of
existence, measurement, and awareness.

This work extends Ref. [1], providing empirical calibration and relational measurement

formalism for the Relative Cosmic Equilibrium RCE framework.
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A Lens—Model and Cosmology Sensitivity

SIS baseline and relation to RCE. Under a singular isothermal sphere (SIS), the

GR Einstein radius is

2
SIS _ o\ Dis
In RCE optics, the predicted Einstein radius is (cf. Eq. (18))):
§
oRCE(e) = o, (20)

The fit of £ in Sec. minimizes Eq. with the inputs (0g, 0, 2, z5) and their uncer-

tainties.

SIS vs. SIE/NFW. We assess sensitivity to ellipticity (SIE) and to NFW halos by

SIS
E

perturbing the baseline predicted 0% and the geometry D;s/D;. For moderate axis ratios

q 2 0.8, shifts in é remain within a few percent, dominated by the calibration of ¢ in

Eq. .

Cosmology dependence. Because 0p o D;s/Ds, variations of (Hy,$,) = (70 £
3.5kms™ Mpc™t, 0.3040.05) modify D;,/D, at the few-percent level over typical SLACS

redshifts (z ~ 0.2, z, ~ 0.5), hence AE/€ < 3%, subdominant to observational errors used

in Eq. .

B Statistical Validation (Monte Carlo)

Protocol and referenced equations. We propagate the input uncertainties of each
lens (Ag, 0,2, 2,) with Gaussian errors into the fitted coefficient £ via two routes: (i)
linear differentials (Eq. (20])), and (ii) Monte Carlo resampling (10* draws). Each MC
realization computes 035" (€) using Eq. (18), re-estimates ¢ by minimizing Eq. (T9), and
evaluates RMSE via Eq. . This yields empirical 0¢ Mc and orMSE-
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Monte Carlo posterior for é

Mean = 2.06
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Figure 4: Monte Carlo posterior for é with mean and 1o band. Histogram from 10*
resamplings consistent with & = 2.06 £ 0.09.

C GPS and NIST Calculation Details

GPS daily gravitational advance. The potential difference between Earth’s surface
and a GPS orbit at altitude A is

1 1
Ad = GMg| — — : 30

¢ (Rea Rg + h) (30)
Using the weak-field identification AE = —®/c? and Eq. , the daily proper-time ad-
vance due to gravity is approximately ATq., ~ (bA®/c?) x 86400 s, consistent with
+45.9 us for the gravitational part.

NIST 33 cm elevation test. For a vertical separation h = 0.33 m, the fractional

frequency shift is
Af_ boh

f c
consistent with the measured (4.0 4+ 0.3) x 10717, and the b-estimate reported in Sec. [6.1]

(31)

D On the Phenomenological Diffusivity s

The diffusivity xk quantifies how energetic deviations propagate through the equilibrium
field according to Eq. . Its value depends strongly on the spatial and temporal scale
L, T of the process considered. Laboratory or terrestrial systems yield x ~ 109-10° m? /s,
while galactic and cosmological scales reach 102471036 m?/s.
This vast range reflects the hierarchical relaxation of AFE rather than a universal con-

stant. The scaling x o< L?/7 therefore links microphysical equilibrium (thermal diffusion)
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with cosmic relaxation (CMB smoothing) under the same energetic principle.
E SLACS Lens Inputs

Table 3: SLACS lenses used: input values with 1o errors.

Lens 0 (arcsec) o (km/s) 2 Zs

JO037—0942 1.474+0.05 282+£10 0.1955+£0.0005 0.6322 £ 0.001
J0912+0029 1.61+£0.05 325+£12 0.1642 £ 0.0005 0.3240 £ 0.001
J09564+-5100 1.324+0.05 318 £12 0.2405 % 0.0005 0.4700 4 0.001

F Conventions and Units

Unless stated otherwise, SI units are used; the constants are ¢ = 299,792,458 ms™!,
G = 6.67430 x 107" m3kg~' s72. Weak-field identification: AE = —®/c?. All figures are
referenced in Sec. [0] as Figs. [IH3] with the posterior histogram shown in Fig. [4l
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