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Quantum Simulators and Quantum Repeaters
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Abstract

Two elements of quantum computation are considered: quantum computer logic and quantum repeater.
It is shown that the quantum gate logic does have two different models and that it is therefore ambig-
wous. It is also shown that without additional conditions imposed on quantum gates one cannot arrive
at a general quantum computer machine language. In absence of such conditions quantum entangle-
ment remains a selection protocol which makes quantum computer equivalent to many photon intensity
interferometry. As an example for such an entanglement we discuss a quantum optical repeater.

1. Introduction

Classical computers are based on classical logic which has a numerical algebraic model
(Boolean algebra) but also a probabilistic model: one takes the values of the logical propo-
sitions and map them to [0,1] interval arriving immediately at a Kolmogorovian probability
theory [3]. For quantum computers we still do not know of a quantum logic which would
— when mapped to [0,1] — give us a Hilbertian probability theory. What we do know is
how to make quantum logic gates and superpose their inputs so as to enable novel quantum
algorithms such as Shor’s and Grover’s [14] which in a polynomial time solve the problems
for which classical algorithms apparently request an exponential time and how to “simu-
late” a Schridinger equation [1]. Hence, we are still away from a “proper” quantum com-
puter which would convert input values for quantum logic gates directly to mean values of
observables in a polynomial number of steps, i.e., which would enable us to simply type in
a Schrodinger equation and by simulating a molecule or whatever quantum system get a
desired result. This kind of usage of quantum computers — which boils down to quantum
mathematics — is what would represent not only qualitatively faster algorithms and a genu-
ine parallel processing but an essentially new way of solving problems by simulating physi-
cal systems with the help of a direct conversion of the input gate values. In this paper we
present some results which brings us closer to the goal.

In Sec. 2 we show that in addition to its well-known model — Boolean algebra — classi-
cal logic unexpectedly turn out to have yet another model which is not distributive. We
explain why this discovery does not have an impact on classical computers. Then we pre-
sent another result, which is that quantum logic also have two different models and explain
why the latter discovery does have an impact on quantum computers, as opposed to the
classical case. We also stress that quantum gates do yield quantum entanglement but not a
Hilbertian representation of a general quantum system. In this respect, physics of quantum
gates corresponds to physics of the many photon intensity interferometry.

As an example of such an analogy in Sec. 3 we present an optical quantum repeater. A
photon from a four photon system, obtained by a controlled entanglement of two downcon-
verted photon pairs, is entangled with a photon from another such four photon system. As
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