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Quantum weirdness under control
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Duality was the first weirdness of quantum mechanics, and one can argue it is the most central. It can’t be
dodged bymathematical sophistications, and an acceptablewording has never been agreed on for rationalizing
the conceptual impossibility of duality. It remains as weird today as in the 1920s. Analytical discussion of the
duality dilemma has never stopped [1] and it is accurately referred to as the wave-particle paradox. Attention
to the paradox has moved through several stages of increasing sophistication [2], but after ninety years of
reflection following Bohr’s invention of complementarity, there has been no resolution. Here we are reporting
the discovery of a resolution [3,4].

It is noteworthy that the resolutionwe report reveals itself through the classical analog, the ray-wave dilemma
of optics. This is appropriate. The operational foundation of coherence in a physical state lies in the interpre-
tation of interference effects, whether they are quantum or classical wave mechanical.  Since optical physics
and single-particle quantum mechanics are theories erected on linear vector spaces, they share almost every-
thing, and in this way optics can be called equally weird. Ironically, in reaching the resolution that we will
present, the other conceptually challenging weirdness of quantum theory, i.e., entanglement, will be shown
to be in control of duality’s weirdness. By control we mean that we establish an identity through which en-
tanglement prescribes exactly the degree of duality (the combined amount of waveness and particleness or
waveness and rayness) that is possible to record in a two-path coherence experiment.
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