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There is no compelling reason to believe 
that quantum mechanics is a 

fundamental theory of physics

• The close formal similarity of the Schrödinger and Liouville 
equations suggests that linearity and indeterminism are not  
fundamental features of quantum physics. 

• The continuum plays a more vital role in quantum mechanics (c.f. 
Hardy’s Continuity Axiom) than it does in classical theory. If we 
seek a finite theory of quantum physics, it will not approximate 
quantum theory. 

• The property of nonlocality makes unification with GR deeply 
problematic. 

• Here I want to show that a finite theory of quantum physics can 
evade the conclusion that physics is not locally causal.  



The Invariant Set Postulate

The universe is a deterministic dynamical 
system evolving precisely on a fractal 

invariant set in state space. 

The laws of physics at their most 
primitive derive from the geometry of the 

invariant set. 



Cross-section homeomorphic 
to the p=2M -adic integers

Measurement not associated 
with Everettian branching, 

but with exponential 
divergence into two (or 
more) distinct clusters. 

State-space trajectory –
comprises a helix of 2M

trajectories at a higher 
fractal iterate. 



|ψ 〉 = cosθ
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The symbolically labelled helix of trajectories can be 
described probabilistically by Hilbert Vectors of the form

where cos2 θ
2
= n1

2M ∈! ⇒ cosθ ∈!

and φ
2π

= n2

2M ∈!

Complex Hilbert vectors. 



Niven’s Theorem

Let  0< φ < π
2

 and φ
2π

= n1

2M ,  then cosφ ∉!  

M = 5



Example 

|ψ 1〉 = cos
φ
2
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2
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|ψ 2 〉 =
1
2
(| a〉 + eiφ | a 〉)

!UH

In quantum theory, |ψ 1〉 and |ψ 2 〉 are both well defined states on the Bloch sphere.
In the proposed discretisation, by Niven's Theorem if |ψ 1〉 is defined, then |ψ 2 〉 is not and vice versa. 
Doesn't matter how big M  is, i.e. no convergence to the quantum theoretic 
continuum limit as M →∞. I.e. M = ∞ is a singular limit. 
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What does this mean in practice?

Perform experiment a) on an ensemble of particles on Monday ⇒ cosφ ∈!
Perform experiment b) on an ensemble of particles on Tuesday ⇒φ / 2π ∈!
Ask what I would have observed had I performed Tuesday's experiment on Monday's ensemble. 
The counterfactual outcome is undefined!
I.e. cannot simultaneously perform an interferometric and a which-way measurement.
Or, cannot simultaneously perform a position and momentum measurement.  
A number-theoretic description of Bohr's principle of complementarity?



Applying Similar Number-Theoretic Arguments 
to Bell’s Theorem

ρ(λ | 00) = ρ0 ≠ 0

ρ(λ |11) = ρ0 ≠ 0

ρ(λ | 01) = 0

ρ(λ |10) = 0

Counterfactual 
Experiments. 

The bottom two do not
lie on the invariant set. 

They correspond to states 
which are p-adically
distant from the invariant
set. 

There is no 
algorithm for 

deciding which 
states lie on the 

invariant set.

Hence no 
algorithm for 

predicting which 
experimental set 
up Alice and Bob 

will choose. 



Being based on (rational) Hilbert vectors (and 
tensor products), Invariant Set Model violates 

Bell inequality exactly as does quantum 
theory. 

The (superdeterministic) violation of statistical 
independence implies a novel locally causal 

interpretation of Bell’s Theorem.



“My own view is that, to understand quantum non-locality, we 
shall require a radically new theory. This new theory will not just 
be a slight modification of quantum mechanics but something as 
different from standard quantum mechanics as General Relativity 
is from Newtonian Gravity. It would have to be something which 

has a completely different conceptual framework.”

Roger Penrose. The Large, the Small and the Human Mind, 1997



“One can always hope that there will be future developments which 
will lead to a drastically different theory from the present quantum 

mechanical theory and for which there may be a partial return of 
determinism.”

P.A.M. Dirac, The Development of Quantum Mechanics,
Conferenza Tenuta il, 14 Aprile 1972, Roma [Conference
held on 14 April 1972, Rome], Accademia Nazionale dei
Lincei, 1974.


