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Quantum analysis of electromagnetic fields propagating in a step-index waveguide
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ABSTRACT
We study the property of propagating electromagnetic fields of TE modes in a step-index slab waveguide
from the perspective of quantum optics. Amplitudes of electromagnetic fields are described with
creation and annihilation operators of photon in this scheme. We numerically study waveforms of
electromagnetic fields when electromagnetic fields are in the coherent state, squeezed state and
photon-number state. Cases of squeezed state and photon-number state are quite different from
situation of classical waveguide optics, while the representation in the coherent state case is reduced to
the description in classical waveguide optics. When the mean photon number is less than unity, in
particular, the spatial distribution function is related to existence probability of photon in each position
on a cross section. To analyze the evolution of waveform along the propagating direction, we use the
beam propagation method that is originally developed in classical waveguide optics and also applicable
in the present scheme. We also study a quantum description of transition of electromagnetic fields
between two waveguides closely laid in parallel and we show that electromagnetic fields move between
two waveguides according to the propagating distance. By turning off the interaction between two
waveguides at a certain distance, we obtain a —3dB beam coupler/splitter that combines/splits the
electromagnetic fields at the ratio of 50:50. When a photon is input to each waveguide, in particular,
total two photons are localized in one waveguide. This localization is due to quantum interference

between two optical fields of the single photon.
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