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Recent research has shown that time-dependent media can lead to a number of novel effects. Among others there
are optical time-reversal [1], excitation of standing waves with infinite group velocity in temporally periodic medium [2],
“time Faraday effect” [3] and “time birefringence” [4] in magnetoelectric-coupled media, parametric resonance of defect
modes in photonic crystals [5].

It would be convenient to have an apparatus applicable to the variety of time dependent material parameters. Here
we demonstrate that operator method known in electrodynamics of stratified media [6] well suits for this purpose. The
technique in ref. [6] uses linear operators to describe spatial evolution of an electromagnetic mode. Namely the mode
field at some point z is connected to starting point z0 by means of evolution operator (propagator)

W (z) = F (z,z0)W (z0) . (1)

Operator approach can be employed for the accurate field calculations, as well as for approximate ones including homog-
enization and perturbation theory [7, 8].

In this work we propose a similar approach applied to the electrodynamics of time-dependent media. The analogy
between stratified medium and uniform nonstationary medium is in the fact that material parameters in both cases depend
on a single coordinate. In the case of stratified medium the coordinate is normal to layer interfaces and in the case of
nonstationary medium the coordinate is time.

In the framework of developed method we consider the case of time-stratified medium (i. e. the medium which has
stationary material parameters within a time interval) and obtain tensorial time-refraction and time-reflection coefficients.
We also propose a perturbation theory analogous to that described in [8] for the case of weak time dependencies.
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