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ABSTRACT

This report cbmpares the theoretical and numerical results of

Floquet theory and coupled mode theory at first order Bragg interactions.

It also investigates second order‘interactions where only Floquet theory
holds. Coupled mode theory is shown to give close agreement with the
exact solution even as n +1 . The Floquet theory predicts a shift

in the bandgap away from the Bragg condition which is not predicted by
the coupled mode theory. The limitations and accuracy of the numerical

solution of the exact theory is discussed.
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CHAPTER I
INTRODUCTION

Wave propagation in periodic structures has applications to many
areas in engineering and physics. Recently much interest in electro-
magnetic wave propagétion in periodic structures has centered on |
integrated optical devices such as filters. couplers and distributed
feedback (DFB) lasers. For this reason, we consider in this report
the example of transverse electromagnetic (TEM) waves propagating in
an unbounded media with spatially varying dielectric constant.

To gain physical insight into the effect of the periodic structure
uponﬂincident waves we consider a TEM wave traveling in a periodic media
as illustrated in Fig. 1. The medium is periodic at distance A and the
incident plane wave has wavelength A. The scattered réys will combine
to produce maximum intensity if the path difference from adjacent

perturbations are an integral number of wavelengths, or if

2A sin 8 = n) (n =1,2,3,...) (1.1)

where the dielectric constant of the media is assumed to be unity.
Equation (1.1) is called Bragg's Law and gives the conditions for the
spacing of the periodic perturbations of the medium to provide strong
scattering. However, it does not give the amplitude of the scattered
plane wave.

Two theories in particular have been used to calculate wave
amplitudes. The first, coupled mode theory, provides a relatively
simple method for calculating the scattered wave amplitude and will be
shown to be an excellent approximation in the first Bragg condition
(n = 11in Eq. (1.1)) if the periodic disturbance is physically reasonable.

Unfortunately, coupled mode theory does not provide us with estimates
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Fig. 1. Bragg scattering of electromagnetic wave from periodic media.









































































