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i In this research program, we considered the following two mathematical
models. (1) We studied some quantum effects mainly for the generalized quantum Rabi model among

non-commutative harmonic oscillator models. In particular, in the light of circuit QED, we made
operator and spectral analyses for that model, and we mathematically clarified its bound state in
the deep-strong coupling regime. Meanwhile, (2) for the model of the two quantum wires with a
junction between the two, we clarified how the electron®s wave function have a phase factor, and
how the electron spin has an effect when the electron as a Dirac particle passes through the

junction.
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