
              Paper B: Historical & Dialogical Contexts                    www.cuwfcosmos.com 

 

  

© 2025 CHAYUT TECHASAMRAN 85 

 

16.   John Bell – Entanglement and Bell’s Theorem 

1) Brief Biography & Context 

John Bell (1928–1990), an Irish physicist, reshaped the foundations of quantum 

mechanics.  

Working at CERN as a particle physicist, Bell became fascinated by the paradoxes 

raised by Einstein, Podolsky, and Rosen (EPR, 1935).  

In 1964, he published Bell’s Theorem, showing that no physical theory of local hidden 

variables can reproduce all the predictions of quantum mechanics.  

His insights transformed quantum foundations into a testable science, inspiring decades 

of experimental investigations into entanglement. 

2) Core Theory (Bell’s Theorem) 

Bell sought to test the philosophical debate: Is quantum mechanics complete, or do 

hidden variables underlie its apparent randomness? 

 

EPR Argument (1935): 

- Einstein, Podolsky, and Rosen argued that quantum mechanics must be incomplete, 

since entangled particles appear to influence each other instantaneously. 

- They suggested hidden variables restore determinism and locality. 

Bell’s Inequality (1964): 

Bell derived an inequality that must hold if local hidden variables exist. In one form: 
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|E(a,b) - E(a,b′)| + |E(a′,b) + E(a′,b′)| ≤ 2 

 

Where: 

- E(a,b) = correlation between measurements of two entangled particles with settings a, 

b. 

- a, a′, b, b′ = different detector orientations. 

 

Quantum Mechanics Prediction: 

Quantum entanglement can violate Bell’s inequality, reaching up to 2√2 (Tsirelson’s 

bound). 

3) What the Theory Explains Clearly 

- Entanglement correlations are stronger than any classical local hidden-variable theory 

allows. 

- Quantum mechanics is empirically testable against “realism + locality.” 

- Numerous experiments (Aspect, 1980s; Zeilinger, 1990s–2000s; 2015 loophole-free 

tests) confirm Bell’s inequality violations. 

- Shows the universe cannot be both local and realist in the classical sense. 

4) Unresolved Issues / Limitations 

- Bell’s theorem does not prove what reality is—only that local hidden-variable models 

are insufficient. 

- It leaves open interpretations: non-local hidden variables (e.g., Bohmian mechanics), 
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many-worlds, or relational views. 

- Experiments historically had loopholes (detection, locality), though modern tests have 

largely closed them. 

- Philosophical question remains: does the wavefunction represent reality itself or merely 

information? 

5) Bell’s Perspective 

Bell himself leaned toward realism and admired Bohm’s hidden-variable theory, which 

restored determinism but at the price of non-locality.  

He accepted that quantum theory’s predictions were correct, but believed they revealed 

something profoundly non-classical about reality.  

For Bell, entanglement was not “spooky” but a pointer to a deeper structure. 

6) CUWF Interpretation (Closing the Gap — Extended) 

Bell’s theorem is often seen as a paradox: either accept spooky action or abandon 

realism. CUWF dissolves this dichotomy. 

 

6.1 Entanglement as Unified Resonance 

In CUWF, entanglement is not mysterious signaling between particles, but a co-

resonance of relational nodes within the Still Wave lattice.  

Both particles share a single underlying wavefunction, Ψᵤ. Their correlations arise 

because they were never separate to begin with. 
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6.2 Why Bell Violations Occur 

Quantum mechanics predicts correlations that exceed classical bounds because phase 

entanglement in the Still Wave is non-local.  

Local hidden variables fail because they assume separability of systems, but CUWF 

insists separability is an illusion. 

 

6.3 No Superluminal Signals 

Although entanglement correlations appear instantaneous, CUWF explains they are 

mode couplings within the Still Wave, not signals transmitted through spacetime.  

Since the Still Wave underlies spacetime itself, the question of “faster than light” does 

not arise. 

 

6.4 Realism Reframed 

Bell asked: is quantum randomness fundamental, or just incomplete knowledge? 

CUWF reframes realism: Ψ is real, but not as “particle properties.” It is a relational 

resonance field.  

Measurement outcomes emerge from resonance stabilization, not from pre-existing 

hidden values. 

 

6.5 Entanglement and Consciousness 

The Still Wave lattice ties entanglement to awareness: consciousness itself is another 
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relational node.  

CUWF predicts that entanglement and conscious perception are parallel stabilizations of 

Still Wave modes, hinting at why entangled states feel “holistic.” 

 

6.6 Resolution of Bell’s Dilemma 

Bell forced a choice: locality or realism. CUWF offers both—by redefining locality as 

relational, not spatial.  

What is “local” is not a point in spacetime, but a resonance zone in the Still Wave. Thus, 

realism is preserved, but at the wavefield level, not at particle ontology. 

7) Summary & Transition 

John Bell transformed philosophy into physics, showing that entanglement is not an 

interpretation but an experimental fact.  

His inequality excluded classical locality, leaving quantum mechanics standing. CUWF 

deepens this result by embedding entanglement into the Still Wave: correlations are not 

transmitted but co-arise from a unified resonance field.  

Thus, the “spooky” becomes natural, and Bell’s challenge points directly to CUWF’s 

relational ontology. 

 

Next, we turn back in time to Hypatia, one of the earliest thinkers on the cosmos, whose 

philosophical vision foreshadowed the relational worldview that CUWF now restores at 

the foundations of physics. 


