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Abstract

Frequency Pushing in an

Atom-Cavity Coupled System

Joohye Lee
Department of Physics and Astronomy
The Graduate School

Seoul National University

Frequency pushing is an effect of ground-state atoms coupling with the
cavity field. In this paper, we observed the frequency pushing through the
cavity transmission in the cavity-QED microlaser set-up and explained the
experimental results with the transmission equation obtained from the Maxwell-
Schrodinger equation. In addition, the frequency pushing condition was con-
firmed by examining the change of the cavity mode according to the atom-
cavity coupling condition. The solution was obtained by solving the master
equation, and the frequency pushing was explained quantum mechanically by
tracking the change in the number of photons inside the cavity. Moreover,
by interpreting the atom as a classical Lorentz oscillator, the phenomenon of
frequency pulling and pushing in terms of the refractive index change inside

the cavity was simultaneously dealt with.
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In this study, the consistency between the experimental results and the
theoretical predictions was confirmed through a semiclassical interpretation,
which deals with quantized atoms and classical fields. In addition, various
interpretations were demonstrated by dealing with classical atoms or quantized
fields. As a result, it was possible to explain not only the well-known frequency-
pulling phenomenon but also the frequency-pushing phenomenon. Therefore
a theoretical basis for both phenomena of frequency shift due to atom-cavity

coupling was prepared.

Keywords: Frequency pushing, Maxwell-Schrédinger equation, Master equa-
tion, Atom-cavity coupling, Cavity transmission, Cavity-QED microlaser
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