
Chapter 23
Conclusions of Part II

We had three reasons for working out many of our technical exercises in the second
part of this book. First, we wanted to show what techniques can be used to support
our assertions made earlier, which state that there are many ways to link quantum
mechanical models with completely deterministic ones. Most of these deterministic
models were chosen just to demonstrate some points; these were too simple to show
delicate structures of direct physical interest. Some of our models are “computation-
ally universal”, which means that they contain sufficient amounts of complexity to
investigate their physical interest [37, 61].

Secondly, we wish to demonstrate that conventional quantum mechanics contains
extensive mathematical tools that can be employed here as well. Fourier expan-
sions, Taylor expansions, unitary transformations in Hilbert space, perturbation ex-
pansions, the Noether theorem, and other well-known procedures, are all extremely
useful here. We wish to sketch the picture that quantum mechanics, as we know it,
should be looked upon as a powerful mathematical tool to handle statistical features
of our theories. If the dynamical equations are too complex to allow us to solve
them, the quantum statistical approach may be the only option we have. No other
systematic mathematical machinery would allow us to examine statistical features
of any non-trivial cellular automaton when stretched over scales a billion times a bil-
lion times as large as the elementary scale of the individual cells. In quantized field
theories, the tool that makes such jumps over scales is called the renormalization
group.

Thirdly, we do not want to belittle the difficulties that are still there. A completely
systematic strategy for constructing models as complex as the Standard Model, has
not yet been found; instead, we found several procedures that could be considered
as useful ingredients for such a strategy, even if still quite incomplete. We empha-
sise that “no-go” theorems, such as Bell’s theorem and the CHSH inequalities, do
contain the loopholes that have been pointed out repeatedly. “Super determinism”,
abhorred by a majority of researchers, becomes less fearsome if one realizes that it
comes with its own conservation law, the conservation of the ontic nature of a quan-
tum state. To describe our universe, we have to limit ourselves to the ontic states.
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These form a very small subset of the “template states” that are normally used in
quantum mechanics. Ontic states can only evolve into ontic states.

The issue of ‘conspiracy’ may still be worrisome to the reader, even if it is clear
that our theory will not allow us to predict anything about the settings to be used
by Alice and Bob. The notion of ‘free will’ can be addressed without religious or
emotional overtones; it is simply a statement about correlation functions in the initial
state, see Sect. 3.8 about this. Complete clarifications of some issues may have to
wait until more is known about how to handle quantum field theories such as the
Standard Model, and quantum gravity, in the CAI.

Quite generally, symmetries, symmetry conservation laws and symmetry trans-
formations, are central not only in conventional quantum mechanics but also in its
CA interpretation. A special point was raised in connection with the non-compact,
or infinite symmetry groups, such as the various components of the Poincaré group.
Their Noether charges are observable in the classical limit, but in the quantum do-
main these charges do not commute. This means that these charges must be con-
glomerates of beables and changeables, and this causes complications in reproduc-
ing such symmetries as features in our cellular automata.

We found a conspicuous property of the quantized strings and superstrings. With-
out modifying any of their physics, it was noted that their ontological degrees of
freedom appear to live on a space–time lattice, with a lattice length parameter
aspacetime = 2π

√
α′. This not only reflects the fact that string theory is finite, but

gives it a clear physical interpretation.
The Cellular Automaton Interpretation has to deal with more mysteries. We

do reproduce quantum mechanics exactly, so also the numerous peculiarities and
counter intuitive characteristics of quantum mechanics are duly reproduced. There
are however other reasons why the most explicit model constructions sketched here
are not, or not yet, sufficiently refined to serve as models where we can explain
all typically quantum mechanical consequences. A critical reader may rightly point
to these obstacles; we bring forward as our defence that the Cellular Automaton
Interpretation of quantum mechanics yields a considerable amount of clarification
of features of quantum mechanics that have been shrouded by mysteries over the
years: the collapse question, the measurement problem, Schrödinger’s cat, the links
between quantum mechanical descriptions and classical descriptions of our world,
as well as clear indications as to how to avoid the “many worlds” as well as the “pilot
waves”. All these came as bonuses, while our real motivation has always been the
question of reconciling the gravitational force with quantum mechanics. We suspect
that the work presented here will be very helpful in achieving such aims.

Not only the interpretation of quantum mechanics, but also some issues in the
foundations of quantum field theories may be at stake in this approach. We ob-
served that the procedure of second quantization may have to be applied not only in
the use of quantum field theories, but also for the construction of our Hamiltonian,
and this raises issues of convergence of the perturbation expansion. Our conclusion
is now that this expansion may not converge, just as what we have in quantum field
theory. Here, however, this leads us to suggest a novel implication: there is an un-
avoidable margin of error not only in our use of quantum field theories to calculate
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particle properties, but a similar margin of error may also exist in our use of quantum
mechanics altogether: quantum calculations cannot be done with infinite accuracy.

Perhaps the only infinitely precise calculations that can be done are explicit com-
puter simulations of the cellular automata themselves.
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