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The wave-particle duality of light plays important role in quantum optics and it often produces
a result different from that of classical wave theory. In this paper, we study the intensity and phase
fluctuation of light which show certain change after light goes through a beam splitter, and show
the difference between the classical and quantum theory. We show quantitatively that the uncertainty
of phase increases at the output of a beam splitter due to the contribution of vacuum fluctuation,
even though classical theory predicts no such change in phase fluctuation. The expectation values
of normally ordered operators are introduced where the vacuum effect is naturally eliminated, and
it is shown that the classical informations are recovered in this way. Analysis on the expectation
values produces a distinction between measured phase and inferred phase values and they are related
through the contribution of vacuum field.



