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Loss has, without a doubt, been one of the key issues in optical communication. On the
other hand, the applications of gain have been primarily studied in laser technologies. It
has recently been shown that, under a judicious combination of both gain and loss, a
new novel system, namely the Parity-Time (PT) symmetric structures, is constructed. In
our recent works [1,2], we have developed a semi-analytical method based on the
Boundary Integral Equation (BIE) method to study the spectral characteristics of
resonator structures with balanced and unbalanced gain/loss in a system which takes
the form of coupled resonators and finite chain structures. In particular, we show the
impact of dispersion on the spectral behaviour such that PT-symmetry can only be
achieved at a single frequency and is sensitive to mismatching conditions.

In this contribution, we explore the time-dynamics of coupled resonators structures,
see Fig. 1. For this purpose, a two-dimensional time-domain Transmission-Line
Modelling (2DTLM) method equipped with a dispersive gain/loss model is developed.
The 2DTLM method is well-suited to model the temporal dynamic of a PT-symmetric
coupled structure under time-modulated gain and loss conditions. Figure 1 further
shows that, by switching on/off the gain/loss alternatively at a rate described by a
switching time parameter, flexible optical spatial switching can be achieved.
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Fig. 6. Transmittance between ports as a function of switching-time parameter.
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