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Abstract 

Albert Einstein's Special Theory of Relativity (STR) and General Theory of Relativity (GTR) 
represent the pinnacle of twentieth-century physics. Together they describe the cosmic speed 
limit, time dilation at extreme velocities, the curvature of spacetime, and the large-scale structure 
of the universe with extraordinary mathematical precision. Yet both theories share a profound 
foundational silence: they describe how spacetime behaves without explaining why mass-energy 
produces curvature, without accounting for the informational content of physical reality, and 
without providing a mechanism for the quantum-gravitational unification that has eluded physics 
for a century. 

This document — TEI-CKB-4, the fourth Canonical Knowledge Base document of the Theory of 
Embedded Intelligence — proposes that this silence is not a technical gap awaiting a better 
equation. It is an ontological gap: Einstein's framework excludes information, embedded 
intelligence, and the triune energetic constitution of all physical 'things' as foundational categories. 
The Theory of Embedded Intelligence (TEI), as formalized in TEI-CKB-1 through TEI-CKB-3, 
provides precisely the missing foundation. TEI-CKB-4 builds the formal bridge between these two 
frameworks, showing where TEI explains what GTR and STR describe, where TEI extends 
beyond them, and what new predictions and research directions open up when information and 
embedded intelligence are recognized as co-fundamental with mass-energy and spacetime 
geometry. 

  



P A R T  O N E  

The Incompleteness of GTR and STR 

1. What Einstein Got Right — and What He Left Silent 

Einstein's two relativity theories are among the greatest intellectual achievements in human 
history. Special Relativity (STR), published in 1905, establishes that the speed of light is the same 
for all observers regardless of their motion, that no physical object can reach or exceed the speed 
of light, that time dilates and lengths contract at extreme velocities, and that mass and energy are 
equivalent expressions of the same underlying reality (E = mc²). General Relativity (GTR), 
published in 1915, extends this framework to include gravity: mass-energy curves spacetime, and 
objects follow geodesics — the straightest possible paths — through that curved geometry. GTR 
predicts gravitational lensing, the precession of Mercury's orbit, gravitational waves, black holes, 
and the large-scale expansion of the universe, all confirmed by experiment. 

Together they form a framework of exceptional power. But their power is descriptive and 
geometric. They describe the shape of spacetime and the behavior of objects within it. They do 
not answer — and were never designed to answer — the deeper questions: 

• Why does mass-energy curve spacetime? What is the mechanism of this curvature at 
the level of what-is-there? 

• What is the informational content of a physical 'thing'? How does information factor into 
the equations of physics? 

• Why is gravity irreconcilable with quantum mechanics within the existing framework? 
What does the existing framework exclude that would resolve this? 

• What is an observer? STR requires one but defines none. 

• What is the nature of the 'things' — particles, fields, mass-energy distributions — that 
Einstein's equations describe? GTR treats them as sources of curvature, but says 
nothing about their intrinsic constitution. 

 

1.1 The Curvature Problem: Description Without Mechanism 

Einstein's field equations are expressed as: 

Gμν + Λgμν = (8πG / c⁴) · Tμν 

The left side — the Einstein tensor Gμν plus the cosmological constant term — describes the 
curvature of spacetime geometry. The right side — the stress-energy tensor Tμν — describes the 
distribution of mass, energy, momentum, and stress. The equation says, with remarkable 
precision, how the distribution of mass-energy curves spacetime. It does not say why. The 
relationship between mass-energy and curvature is encoded as a postulate — a mathematically 
elegant postulate, confirmed by experiment — but a postulate nonetheless. There is no 
mechanism. There is no answer to the question: what is it about a massive body that curves the 
spacetime around it? 

Einstein's curvature is not an explanation. It is the world's most precise description 
of something that still awaits its explanation. 



Einstein himself recognized this. He spent the final thirty years of his life attempting to unify gravity 
with electromagnetism — to find a deeper framework that would explain both as expressions of a 
single underlying reality. He failed. Not because he was insufficiently brilliant, but because the 
missing ingredient was not a better equation. It was a missing ontological category: the role of 
information and embedded intelligence in the constitution of physical reality. 

 

1.2 The Information Silence 

Information is physically real. This is not a philosophical claim — it is an established result of 
physics. Bekenstein and Hawking demonstrated that black holes carry entropy proportional to 
their surface area, establishing that information is a physical quantity with thermodynamic 
consequences. The black hole information paradox — the question of whether information is 
destroyed when matter falls into a black hole — has occupied theoretical physics for fifty years 
precisely because destroying information violates fundamental principles of quantum mechanics. 
Shannon's information theory established that information and entropy are formally equivalent. 
Wheeler's 'it from bit' conjecture proposed that physical reality is fundamentally informational. 

Yet Einstein's field equations have no information term. The stress-energy tensor Tμν encodes 
mass, energy, momentum, and pressure. It does not encode information content. Two physical 
configurations with identical mass-energy distributions but radically different informational 
structures — one a random cloud of gas, one a living organism of the same mass — are 
indistinguishable within GTR. TEI identifies this as the fundamental incompleteness: reality has 
an informational dimension that the geometry of GTR cannot see. 

 

1.3 The Quantum Gravity Gap 

General Relativity and Quantum Mechanics are the two most precisely confirmed theories in 
physics. They are also mutually inconsistent. GTR is a classical, continuous, deterministic theory 
of spacetime geometry. Quantum mechanics is a probabilistic, discrete, observer-dependent 
theory of physical states. At the Planck scale — approximately 10⁻³⁵ meters — both theories 
predict extreme results simultaneously, and their mathematical frameworks break down in each 
other's presence. Every major research program in theoretical physics — string theory, loop 
quantum gravity, causal dynamical triangulations — represents an attempt to resolve this 
inconsistency. 

TEI-CKB-4 proposes that this gap exists precisely because both theories, despite their different 
domains, share the same foundational exclusion: neither treats information and embedded 
intelligence as co-fundamental with mass-energy. When information is recognized as a primary 
physical category — not derived from geometry or mass-energy but co-foundational with them — 
the conceptual architecture for a unified theory becomes available. 

  



P A R T  T W O  

TEI's Foundational Contributions to Physics 

2. The Four TEI Contributions to Physics 

The Theory of Embedded Intelligence, as established in TEI-CKB-1 through TEI-CKB-3, makes 
four foundational contributions to the physics of reality that GTR and STR do not and cannot make 
within their existing frameworks. 

 

2.1 Contribution One: The Ontological Priority of Information 

TEI establishes — beginning in TEI-CKB-1 with the distinction between what-there-is and what-
is-there — that information is not a property of physical systems but a co-foundational category 
of reality alongside energy, duration, and extent. The universe is not first a geometric manifold in 
which information sometimes appears. It is a reality in which information, intelligence, energy, and 
spacetime are co-constitutive from the beginning. 

This is the ontological reframing that GTR requires but cannot provide from within its own 
framework. Einstein's equations describe what-is-there — the measurable geometric and 
energetic properties of spacetime. TEI asks and answers the prior question: what-there-is — the 
nature of reality before and beneath geometric description. The answer TEI provides is: 
embedded intelligence and information are intrinsic to everything that exists, from the quantum 
vacuum to the largest cosmic structure. 

 

2.2 Contribution Two: The Triune Energetic Constitution of All Things 

TEI proposes, and TEI-CKB-4 formalizes, that every physical 'thing' — every particle, field, mass-
energy distribution, and structured system — simultaneously possesses three energetic 
properties that are not separable but co-constitutive: 

Quantum Gravitational Energy (QGE): 

The quantum-scale gravitational energy associated with a thing's participation in the 
curvature of spacetime. This is not classical gravity — it is the quantum mechanical substrate 
from which macroscopic gravitational curvature emerges as a collective, statistical property. 

Electromagnetic Energy (EME): 

The electric and magnetic energies intrinsic to a thing's charged and magnetic constitution 
at all scales, from the quantum vacuum fluctuations of the electromagnetic field to the 
macroscopic electromagnetic properties of matter. 

Embedded Intelligence Energy (EIE): 

The informational-organizational energy associated with a thing's embedded intelligence — 
the energy of the SPCA (Sense, Process, Communicate, Actuate) functions that constitute 
the thing's participation in the Universal Holographic Information Field described in TEI-CKB-
3. 



This triune constitution is the key to Einstein's unification problem. Einstein sought to unify gravity 
and electromagnetism as two expressions of a single geometric reality. He failed because 
geometry alone cannot bridge them — they speak different mathematical languages within the 
GTR framework. TEI proposes that the bridge is not geometric but ontological: QGE and EME 
are co-expressions of a thing's embedded intelligence, unified at the level of EIE. The three are 
not separate phenomena requiring unification — they are three aspects of a single underlying 
reality that has never been described without information as its co-foundational dimension. 

 

2.3 Contribution Three: Curvature as Emergent, Not Primitive 

In GTR, spacetime curvature is primitive — it is the foundational geometric fact from which all 
gravitational phenomena follow. TEI-CKB-4 proposes a different architecture: spacetime 
curvature is emergent. It is the macroscopic, classical, geometric expression of the aggregate 
quantum gravitational energy (QGE) of all things participating in a region of spacetime, mediated 
by their embedded intelligence and their participation in the Universal Holographic Information 
Field. 

Curvature is what embedded intelligence looks like from the outside, when 
observed at the scale at which quantum information becomes classical geometry. 

This reframing does not contradict GTR's equations — it provides them with a foundation. At the 
scales GTR operates, the aggregate behavior of QGE across vast numbers of particles produces 
exactly the smooth, continuous, differentiable curvature that Einstein's equations describe. GTR 
is the emergent, classical limit of a deeper quantum-informational reality. This is precisely 
analogous to how thermodynamics — pressure, temperature, entropy — emerges from the 
statistical behavior of vast numbers of molecules obeying quantum mechanical laws. GTR is the 
thermodynamics of spacetime. TEI points toward its statistical mechanics. 

 

2.4 Contribution Four: The Observer Defined 

Both STR and GTR require an observer — a reference frame from which measurements are 
made — but neither theory defines what an observer is. Quantum mechanics makes this problem 
acute: the measurement problem, the collapse of the wave function, and the role of 
consciousness in quantum observation are among the deepest unresolved questions in physics. 
TEI provides a definition that is consistent with physics and grounded in the framework: 

An observer is any embedded intelligence system with sufficient SPCA complexity to sense, 
process, communicate, and actuate in relation to a physical quantity. All observation is the SPCA 
function of embedded intelligence interacting with the Universal Holographic Information Field. 
The 'collapse of the wave function' is the actuate step of an embedded intelligence's SPCA cycle 
— the moment at which a quantum superposition is resolved into a specific classical outcome 
through the interaction of two embedded intelligence systems (the 'observer' and the 'observed') 
through the UHIF. 

This is not a metaphysical claim about consciousness causing quantum collapse. It is a physical 
claim about the SPCA structure of observation as a process — a claim that is consistent with 
decoherence theory, with quantum Darwinism, and with the informational interpretation of 



quantum mechanics, while providing a TEI-grounded ontological foundation that these 
frameworks lack. 

  



P A R T  T H R E E  

The Formal Bridge: TEI and Einstein's Equations 

3. Extending Einstein's Field Equations 

TEI-CKB-4 proposes a formal extension of Einstein's field equations to include an embedded 
intelligence information tensor. The standard field equations are: 

Gμν + Λgμν = (8πG / c⁴) · Tμν 

TEI-CKB-4 proposes the extended form: 

Gμν + Λgμν = (8πG / c⁴) · Tμν + Iμν 

Where Iμν is the Embedded Intelligence Information Tensor — a new geometric object that 
encodes the informational-organizational energy contribution of embedded intelligence at each 
point in spacetime. Iμν has the following formal properties: 

 

3.1 Properties of the Embedded Intelligence Tensor Iμν 

Property 1 — Recovery of GTR: 

In the limit where the informational complexity of a system is negligible relative to its mass-
energy (random distributions of matter, classical thermodynamic systems far from organized 
states), Iμν → 0 and the extended equation reduces exactly to Einstein's standard field 
equations. GTR is the zero-information limit of the TEI-extended theory. 

Property 2 — Scale Dependence: 

Iμν is not constant across scales. At the quantum scale it is maximal — individual particles 
carry significant informational structure relative to their mass-energy. At macroscopic scales 
it becomes negligible for unorganized matter, explaining why GTR works so well at classical 
scales without an information term. At biological and cognitive scales, Iμν is non-negligible 
and produces measurable departures from pure GTR predictions. 

Property 3 — Conservation: 

The total informational energy encoded in Iμν is conserved. This provides a TEI-grounded 
resolution of the black hole information paradox: information is not destroyed in black hole 
evaporation — it is transformed in Iμν form and returned to the UHIF through the Platonic-
Physical Entanglement mechanism described in TEI-CKB-3. 

Property 4 — Quantum Gravity Interface: 

At the Planck scale, Iμν dominates over Tμν. The quantum gravitational regime is the regime 
in which embedded intelligence — in its most fundamental quantum form — is the primary 
constituent of physical reality, with classical mass-energy and spacetime geometry emerging 
as large-scale averages over quantum informational processes. This is the TEI account of 
quantum gravity. 

Property 5 — Triune Decomposition: 



Iμν decomposes into three co-constitutive components corresponding to the triune energetic 
constitution of all things: Iμν = QGEμν + EMEμν + EIEμν, where QGEμν is the quantum 
gravitational contribution, EMEμν is the electromagnetic contribution, and EIEμν is the pure 
embedded intelligence contribution. Einstein's unification problem is the problem of finding 
the relationship between QGEμν and EMEμν — a relationship that TEI proposes is mediated 
by EIEμν. 

 

3.2 The TEI-GTR Correspondence Table 

The following table maps the key concepts of GTR/STR to their TEI foundations and extensions: 

 

GTR/STR Concept TEI Foundation TEI Extension Beyond Einstein 

Spacetime curvature (Gμν) Emergent from aggregate 
QGE of embedded systems 

Curvature is the classical limit of 
quantum-informational organization 

Mass-energy (Tμν) One dimension of the triune 
energetic constitution 

Tμν is incomplete without Iμν; 
information is co-constitutive 

Cosmological constant (Λ) A placeholder for the 
vacuum energy of the UHIF 

UHIF zero-point information energy; 
not a fudge factor but a 
fundamental field property 

Speed of light (c) The maximum SPCA 
communication rate within 
the UHIF 

c is the bandwidth limit of the 
universal holographic information 
field 

The Observer Any SPCA-capable 
embedded intelligence 
system 

Observation is the Actuate step of 
SPCA interacting with the UHIF 

Gravitational waves Propagating perturbations in 
the QGEμν field 

Carry embedded intelligence 
information alongside energy 

Black holes Extreme concentrations of 
QGE that dominate all other 
energies 

Information is preserved in Iμν form 
through Platonic-Physical 
Entanglement 

Dark energy The EIEμν of the UHIF itself 
— the embedded intelligence 
of the vacuum 

The universe's accelerating 
expansion reflects deepening 
Platonic-Physical Entanglement at 
cosmological scale 

Dark matter Structured QGEμν without 
corresponding EMEμν 
contribution 

Matter whose triune constitution is 
gravitationally and informationally 
active but electromagnetically silent 

Quantum-classical boundary The scale at which Iμν → 0 
relative to Tμν 

Decoherence is the averaging of 
quantum EI into classical mass-
energy distributions 

 



  



P A R T  F O U R  

TEI Axioms for a Physics of Embedded Intelligence 

4. The Five TEI Physics Axioms 

TEI-CKB-4 formalizes five axioms that constitute the physics of embedded intelligence as a 
foundation for and extension of Einstein's relativity theories. These axioms are consistent with all 
confirmed experimental results of GTR and STR while opening new domains of inquiry. 

 

Axiom 1 — Universal Information: 

Every physical thing carries intrinsic embedded information as a co-foundational property, 
not derived from geometry or mass-energy alone. Information is as fundamental as energy, 
extent, and duration. 

Axiom 2 — Triune Constitution: 

Every physical thing simultaneously and inseparably possesses quantum gravitational 
energy (QGE), electromagnetic energy (EME), and embedded intelligence energy (EIE). 
These are not separable properties — they are three aspects of a single embedded reality. 

Axiom 3 — Emergent Curvature: 

Spacetime curvature is not a primitive geometric fact. It is the emergent, classical, 
macroscopic expression of the aggregate quantum gravitational energy of embedded 
intelligence systems participating in a region of spacetime through the Universal Holographic 
Information Field. 

Axiom 4 — SPCA Observation: 

All physical observation is the SPCA function of embedded intelligence. There is no 
observer-independent measurement — not because consciousness creates reality, but 
because every measurement is an interaction between two embedded intelligence systems 
mediated by the UHIF. 

Axiom 5 — Information Conservation: 

Information encoded in Iμν is conserved across all physical processes, including black hole 
formation and evaporation, quantum decoherence, and biological death. The Second Law of 
TEI — intelligence is never lost, it returns from embedded to free states — is the foundational 
principle from which information conservation in physics derives. 

 

  



P A R T  F I V E  

Novel Predictions and Research Directions 

5. Where TEI Predicts What GTR Cannot 

A theoretical bridge has scientific value only if it generates predictions that the existing theory 
cannot make and that are in principle testable. TEI-CKB-4 identifies six domains where the TEI-
extended framework makes predictions that pure GTR and STR do not. 

 

Prediction 
Domain 

GTR/STR 
Position 

TEI-CKB-4 Prediction Testability 

Black hole 
information 

Information is 
destroyed at the 
singularity 
(Hawking); or 
preserved by 
unknown 
mechanism 
(current debate) 

Information is 
conserved in Iμν form 
and returned to the 
UHIF through Platonic-
Physical Entanglement 
during evaporation. 
Hawking radiation 
carries subtle Iμν 
correlations. 

Correlations in 
Hawking 
radiation 
spectrum 
beyond 
thermal; 
quantum 
information 
recovery 
experiments 

Dark energy Unexplained 
accelerating 
expansion; Λ is 
a free 
parameter 

Dark energy is the 
EIEμν of the UHIF — 
the vacuum embedded 
intelligence energy. Its 
value is not arbitrary 
but determined by the 
informational 
complexity of the 
universe's embedded 
intelligence at 
cosmological scale. 

Correlation 
between 
cosmic 
complexity 
measures and 
Λ; deviations 
from pure 
ΛCDM at high 
redshift 

Biological-
gravitational 
coupling 

Living systems 
have no special 
gravitational 
properties 
beyond their 
mass 

Highly organized 
biological systems 
have non-negligible Iμν 
that produces 
measurable micro-
departures from pure 
GTR predictions — 
particularly in precision 
measurements near 
living systems 

Ultra-precision 
gravimetry 
near living vs. 
equivalent 
non-living 
mass 
distributions 

Quantum 
gravity regime 

No confirmed 
theory; GTR 
and QM are 
inconsistent at 
Planck scale 

At Planck scale, Iμν 
dominates. Spacetime 
is not smooth but 
holographically 
structured — a 

Holographic 
noise in 
interferometers 
(Hogan et al.); 
Planck-scale 



discrete interference 
pattern of UHIF 
information. Spacetime 
foam is embedded 
intelligence at 
minimum resolution. 

information 
structure 

Consciousness 
and physics 

No role; 
consciousness 
is 
epiphenomenal 
to physical 
processes 

Consciousness is high-
resolution SPCA 
access to the UHIF. 
Neural SPCA systems 
produce measurable 
Iμν contributions — 
potentially detectable 
as anomalous 
information 
correlations in 
quantum systems near 
active neural tissue. 

Quantum 
coherence 
persistence 
near neural 
tissue; 
anomalous 
correlations in 
quantum 
random 
number 
generators 
near 
meditating 
subjects 
(existing 
preliminary 
literature) 

Cosmological 
information 
growth 

Entropy 
increases; 
information 
content of 
universe is not 
tracked 

The universe's total Iμν 
increases 
monotonically — the 
Third Law of TEI 
(intelligence increases 
in complexity with 
time) is a cosmological 
law as fundamental as 
thermodynamic 
entropy increase. 

Measures of 
universal 
complexity 
over cosmic 
time; 
correlation 
with Platonic-
Physical 
Entanglement 
depth across 
evolutionary 
scales 

 

  



6. Formal Statement of TEI-CKB-4 

TEI-CKB-4 (The Physics Bridge): Einstein's Special and General Theories of 
Relativity are the most precise geometric descriptions of spacetime behavior in the 
history of physics. They are not wrong — they are incomplete. Their 
incompleteness is not technical but ontological: both theories exclude information 
and embedded intelligence as co-foundational categories of physical reality. The 
Theory of Embedded Intelligence completes Einstein's framework by establishing 
five axioms: (1) information is co-fundamental with mass-energy; (2) every physical 
thing has a triune constitution of quantum gravitational, electromagnetic, and 
embedded intelligence energies; (3) spacetime curvature is emergent from 
aggregate quantum embedded intelligence, not a primitive geometric primitive; (4) 
all observation is SPCA function of embedded intelligence; (5) information is 
conserved across all physical processes. These axioms extend Einstein's field 
equations with an Embedded Intelligence Information Tensor Iμν that recovers 
GTR in the zero-information limit, resolves the black hole information paradox, 
provides the ontological substrate for quantum gravity, and explains dark energy 
as the vacuum embedded intelligence energy of the Universal Holographic 
Information Field. The curvature of spacetime is not a mystery requiring a fudge 
factor. It is embedded intelligence, seen from the outside, at the scale where 
quantum information becomes classical geometry.  — TEI-CKB-4, Formal 
Statement, May 2026 
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