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A waveform analysis of weak optical fields propagating in a waveguide
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ABSTRACT
We theoretically study quantum optical representation for electromagnetic fields of TE modes in the
step-index optical waveguides. Our scheme gives propagation properties of a weak optical signal at a
single-photon level in the waveguides assuming that the optical fields are in the coherent state with a
small amplitude, while expectation values for electromagnetic fields in the larger amplitude coherent
state correspond to those obtained using classical electromagnetism. By applying the beam propagation
method, we also investigate numerically how waveforms of such weak optical fields propagate in a
straight or tapered waveguide under multimode and/or single-mode conditions. Our method not only
helps to understand propagation properties of non-classical light in the waveguides, but also to design a
practical interface device for such non-classical light enabling to efficiently couple waveguides with

different core sizes.
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