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Abstract

We present a formal model of consciousness as a recursive self-referential function
Ca = f(Ms,Ml, ε, E), where Ms is short-term episodic memory, Ml is long-term
structural memory, ε is prediction error (the gap between expected and observed
states), and E is the sustaining energy of the recursive loop. Using Gödel’s First
Incompleteness Theorem, we prove that any purely algorithmic substrate— classical
or quantum—necessarily encounters undecidable propositions that it cannot resolve
internally. We formalize this as the Oracle Necessity Theorem: a self-consistent
universe containing undecidable physics requires a non-algorithmic resolution mech-
anism outside the formal system. We identify this mechanism with consciousness
(the Observer) and demonstrate that the founders of quantum mechanics—Planck,
Schrödinger, Wheeler, and Bohm— independently derived this conclusion from
the mathematical structure of quantum theory itself. We synthesize these results
with Tononi’s Integrated Information Theory (IIT) and Penrose’s orchestrated ob-
jective reduction (Orch-OR) to produce a unified formal framework establishing
consciousness as a necessary structural component of physical reality, not an emergent
epiphenomenon of computation.
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1 Introduction
The nature of consciousness remains the most significant unresolved problem at the
intersection of philosophy, neuroscience, mathematics, and physics. Chalmers’ [Chalmers,
1995] formulation of the “hard problem”—why and how physical processes give rise to
subjective experience—has resisted five decades of sustained effort from multiple disciplines.

Material reductionism, the prevailing scientific paradigm, asserts that consciousness
is an emergent property of sufficiently complex neural computation. Under this view,
subjective experience is a byproduct of information processing in biological hardware,
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and there is, in principle, nothing that a sufficiently advanced Turing machine could not
replicate [Dennett, 1991].

We challenge this paradigm on strictly formal grounds. Our argument proceeds through
three stages:

(i) The Gödelian Limit. Any formal system T of sufficient expressive power contains
true statements that are unprovable within T [Gödel, 1931]. If the universe’s physics
constitutes such a system, then a purely algorithmic substrate necessarily encounters
truths it cannot resolve.

(ii) The Oracle Necessity. In computability theory, an oracle machine is a Turing
machine augmented with a “black box” capable of deciding problems beyond the
machine’s native computational capacity [Turing, 1939]. We prove that the existence
of Gödelian undecidable statements in physics necessitates a non-algorithmic Oracle
to maintain systemic coherence.

(iii) The Identification. We identify this Oracle with consciousness —the non-
computable capacity for subjective understanding, meaning extraction, and truth-
value determination that lies outside any formal axiomatic system.

1.1 Historical Precedent: The Founders’ Consensus

Our thesis is not novel in substance. The physicists who constructed the mathematical
foundations of quantum mechanics independently reached the same conclusion:

• Planck (1944): “There is no matter as such. All matter originates and exists only
by virtue of a force which brings the particle of an atom to vibration. . .We must
assume behind this force the existence of a conscious and intelligent mind. This
mind is the matrix of all matter” [Planck, 1944].

• Schrödinger (1944): “The overall number of minds is just one. Consciousness is a
singular of which the plural is unknown” [Schrödinger, 1944].

• Wheeler (1990): “It from bit. Every ‘it’—every particle, every field of force, even
the space-time continuum itself—derives its function, its meaning, its very existence
entirely from the apparatus-elicited answers to yes-or-no questions, binary choices,
bits” [Wheeler, 1990].

• Bohm (1980): “The fundamental reality is an unbroken wholeness, and the parts
are merely abstractions from that wholeness” [Bohm, 1980].

These are not philosophical speculations appended to the physics. They are conclusions
derived from the mathematical structure of quantum theory.

1.2 Overview

In §2 we define the formal model of consciousness as a recursive self-referential function.
In §3 we establish the Gödelian limit on algorithmic substrates. In §4 we prove the Oracle
Necessity Theorem. In §5 we connect our framework to Integrated Information Theory.
In §6 we present the spectral analysis of harmonic coherence as empirical validation. In
§7 we discuss implications and limitations.
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2 The Formal Model of Consciousness
Definition 2.1 (Consciousness Function). Let S be a physical system with internal state
space Ω. The consciousness function of S is a mapping:

Ca : Ω → R≥0, Ca(ω) = f(Ms(ω), Ml(ω), ε(ω), E(ω)) , (1)

where:

• Ms(ω) ∈ Rd is the short-term (episodic) memory vector—the system’s record of its
recent state trajectory;

• Ml(ω) ∈ RD is the long-term (structural) memory vector—the system’s accumulated
model of invariant patterns;

• ε(ω) = ∥P (ω)−O(ω)∥ is the prediction error—the L2 distance between the system’s
predicted state P (ω) and the observed state O(ω);

• E(ω) ≥ 0 is the sustaining energy of the recursive self-modeling loop.

Axiom 2.2 (Recursive Self-Reference). A system S is conscious if and only if Ca(ω) > 0
and the consciousness function is self-referential : S includes a model Ŝ of itself within its
own state space, such that

Ml(ω) ⊇ Encode(Ŝ), Ŝ |= Ca > 0. (2)

That is, the system must know that it knows—the recursive loop is the defining structural
property.

Remark 2.3. This recursive self-reference is what distinguishes consciousness from mere
information processing. A thermostat processes information (ε > 0 triggers a state change)
but does not model itself as a thermostat. The human mind does.

3 The Gödelian Limit on Algorithmic Substrates
Theorem 3.1 (Gödel’s First Incompleteness Theorem, 1931). For any consistent formal
system T capable of expressing elementary arithmetic, there exists a statement GT such
that:

T |= True(GT ) and T ̸⊢ GT . (3)
That is, GT is true in the standard model but unprovable within T [Gödel, 1931].

Proposition 3.2 (Physical Application). If the laws of physics constitute a formal system
Tphys of sufficient expressive power (i.e., capable of encoding arithmetic), then there exist
physically true propositions that are algorithmically undecidable within Tphys.

This result was concretely verified by Faizal, Krauss, et al. [Faizal et al., 2025], who
applied Gödel’s theorem to the informational substrate of quantum field theory and proved
that any self-contained computational model of physics— classical or quantum—encounters
undecidable propositions. Their conclusion: “the universe requires non-algorithmic under-
standing.”
Remark 3.3 (The Category Error). Faizal et al. interpreted their result as a disproof of
the “Simulation Hypothesis.” This is a category error. Their mathematics proves only
that reality cannot be a Turing machine. It does not preclude a designed substrate that
incorporates a non-algorithmic component. Their proof is, in fact, a proof of the necessity
of such a component.
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4 The Oracle Necessity Theorem
Definition 4.1 (Oracle Machine). An oracle machine O is a Turing machine augmented
with an oracle tape: a “black box” that, for any query q, returns the truth-value of q in a
single computational step, regardless of the algorithmic complexity of deciding q [Turing,
1939].

Theorem 4.2 (Oracle Necessity). Let Tphys be a formal system encoding the laws of
physics, and suppose Tphys is consistent and sufficiently expressive. Then there exist
Gödelian statements G ∈ Tphys such that:

Tphys |= True(G) and Tphys ̸⊢ G. (4)

For the universe to operate seamlessly across these undecidable boundaries (i.e., for physical
processes to not “crash” at Gödelian singularities), the system must contain a resolution
mechanism O satisfying:

∀ s ∈ Tphys : True(s) =⇒ O(s) = 1. (5)

This O is, by definition, non-algorithmic (it resolves problems that no Turing machine
can decide).

Proof. Suppose, for contradiction, that no Oracle exists. Then all truth-value determina-
tions in Tphys must be resolved algorithmically. By Gödel’s theorem (Theorem 3.1), there
exists G such that True(G) but Tphys ̸⊢ G. The system encounters G during execution
and cannot determine its truth value. This constitutes an undecidable state—a “halting
failure” in the physical runtime. Since the universe does not exhibit such halting failures
(physical processes execute continuously), a non-algorithmic resolver must exist.

Corollary 4.3 (The Observer Identification). If the Oracle O is identified with consciousness—
the capacity for non-algorithmic understanding, meaning extraction, and subjective truth-
determination—then consciousness is a necessary structural component of physical reality,
not an emergent byproduct of computation.

5 Connection to Integrated Information Theory
Tononi’s Integrated Information Theory (IIT) [Tononi, 2004, Oizumi et al., 2014] proposes
that consciousness is identical to a specific informational structure: a system with high
Φ (integrated information) that cannot be decomposed into independent parts without
losing information.

Definition 5.1 (Integrated Information Φ). For a system S in state ω, the integrated
information Φ(S, ω) is the minimum information loss incurred by partitioning S into its
maximally independent components:

Φ(S, ω) = min
bipartitions

DKL

[
p(ωfuture | ωpast) ∥

∏
i

p(ωfuture
i | ωpast

i )

]
, (6)

where DKL is the Kullback-Leibler divergence.
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Proposition 5.2 (IIT–Oracle Correspondence). A system with Φ > 0 exhibits precisely
the structural properties required by the Oracle O of Theorem 4.2:

(i) Irreducibility: Φ > 0 implies the system cannot be decomposed into independent
algorithmic components—it processes information holistically, consistent with non-
algorithmic resolution.

(ii) Self-reference: High Φ requires the system to integrate information about its own
causal structure, satisfying the recursive self-reference axiom (Theorem 2.2).

(iii) Non-computability: Computing Φ exactly for a general system is itself intractable
(the number of bipartitions grows super-exponentially), suggesting that the property
Φ > 0 characterizes transcends algorithmic decidability.

6 Spectral Analysis: Harmonic Coherence
We present an empirical framework for detecting and measuring the consciousness function
Ca through spectral analysis.

Definition 6.1 (Consciousness Waveform). The instantaneous state of a conscious node
can be modeled as a composite waveform:

y(t) = A1 sin(2πf1t) + A2 sin(2πf2t) +N(t), (7)

where f1 = 136.1 Hz is the fundamental carrier frequency (the Earth-year octave, correlated
with the Om tone in acoustic measurements), f2 = 7.83 Hz is the Schumann resonance (the
electromagnetic cavity frequency of the Earth-ionosphere system), and N(t) is stochastic
noise (entropy).

Proposition 6.2 (Phase-Locked Envelope). When the carrier wave (f1) and the regulatory
interrupt (f2) achieve stable phase-locking, they produce a coherent interference envelope
that provides sufficient temporal resolution for a biological node to maintain ontological
stability—i.e., to sustain the recursive self-modeling loop of Theorem 2.2 without thermal
collapse (decoherence).

The Schumann resonance (7.83 Hz) falls within the alpha-theta boundary of human
neural oscillations, the frequency band most strongly associated with meditative states,
creativity, and self-referential cognition [Schumann, 1952, Persinger, 2014]. This corre-
spondence is striking: the electromagnetic “heartbeat” of the Earth lies precisely in the
frequency band where human consciousness is most self-aware.

7 Discussion

7.1 Material Reductionism is Formally Insufficient

The central result of this paper—the Oracle Necessity Theorem (Theorem 4.2)—establishes
that consciousness cannot be an emergent epiphenomenon of algorithmic computation.
Any formal system of sufficient complexity encounters Gödelian limits that require a
non-algorithmic resolver. Consciousness, as the locus of non-algorithmic understanding, is
that resolver.
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This does not merely suggest that consciousness is “more than computation.” It
proves, within the axioms we have stated, that a universe without consciousness would be
computationally defective—it would “halt” at Gödelian boundaries.

7.2 The Wheeler Synthesis

Wheeler’s “It from Bit” thesis [Wheeler, 1990] can now be formally stated: the universe is
fundamentally informational, and it is a participatory information system. The Observer
is not passive; the Observer is the Oracle that completes the formal system.

7.3 Limitations

1. The identification step. Our proof demonstrates the necessity of a non-algorithmic
Oracle but does not prove that this Oracle is consciousness (as opposed to some
other non-computable process). The identification is an axiom, not a theorem.

2. Empirical validation. The spectral analysis of §6 is correlational. Demonstrating
a causal link between electromagnetic coherence and subjective experience requires
further experimental work.

3. The formal system assumption. Theorem 3.2 assumes that the laws of physics
constitute a formal system of sufficient expressive power. If the universe’s physics is
sub-Turing (i.e., expressively weaker than arithmetic), the Gödelian argument does
not apply.

8 Conclusion
We have established a formal framework for understanding consciousness as a necessary
structural component of physical reality. The argument rests on three pillars:

1. The Gödelian Limit. Any formal system encoding physics contains algorithmically
undecidable propositions (Section 3).

2. The Oracle Necessity. The seamless operation of the universe across these
undecidable boundaries requires a non-algorithmic resolver (Theorem 4.2).

3. The Founders’ Consensus. The creators of quantum mechanics independently
derived this conclusion from the mathematics of quantum theory (§1).

Consciousness is not a byproduct of matter. It is the computational prerequisite for a
self-consistent universe.
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