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Abstract — The peculiar characteristics of the mode
coupling between standard dielectric waveguides and
waveguides formed by a material with negative index of
refraction are presented in this talk. Some of our theoretical
results, describing the anti-directional (antiparallel) nature
of such coupling, are shown for the case of the two-parallel-
slab geometry.

STATEMENT OF THE PROBLEM

The concept of composite materials possessing negative
permittivity and permeability at certain frequencies has
recently attained considerable aitention and inmterest [1].
The original idea for such media dates back to 1967 when
Veselago theoretically studied time-harmonic
monochromatic plane wave propagation in a material
whose permittivity and permeability were assumed to be
simultaneously negative [2]. Shelby, Smith, and Schultz
recently constructed such a composite medium for the
microwave regime, and experimentally showed the
presence of anomalous refraction in this medium [3]. Tt is
also interesting to note that the previous theoretical study
of electromagnetic wave dispersion properties of the omega
media using the circuit-model approach had also revealed
the possibility of having negative effective permittivity
and negative effective permeability in omega media for
certain range of frequencies [4]. Recently as a potential
application of these metamaterials, an idea was
theoretically introduced for compact cavity resonators, in
which a combination of a slab of conventional material
and a slab of metamaterial with negative permittivity and
permeability was inserted [5].

Metamaterials ~ with  negative  permittivity  and
permeability, which have been named by several
terminologies such as “double-negative” (DNG) media [6],
“backward” (BW) media [7], left-handed media [1], [2],
[3], [8], and negative-index media (NIM) [8], conceptually
possess interesting electromagnetic features such as
anomalous refraction.  Moreover, when slabs of these
materials are placed next to layers of conventional
materials with positive real permittivity and permeability
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(which, in analogy with DNG, can be called double-
positive (DPS) media), the combined structures may
exhibit even meore interesting properties, unique to the
paired layers of DNG-DPS materials. For instance, a pair
of DNG-DPS layers has been shown theoretically to
provide phase conjugation/compensation [3].

In the present work, we study the electromagnetic mode
coupling between layers of DNG and DPS materials. In
order to understand the physics behind the phencmenon,
we analyze the two-parallel-slab geometry (see Fig. 1),
first using a rigorous exact approach and then using the
perturbation theory for when the slab waveguides are not
too close to each other. Our analysis shows that the mode
coupling between DNG and DPS layers exhibits
anomalous characteristics for what concerns the direction
of power coupling. This effect is related to the fact that in
a DNG slab the direction of the real part of the Poynting
vector of a guided mode is antiparallel with the direction
of phase flow of that mode, contrary to the case of guided
modes in a standard DPS layer. Boundary conditions
enforce the phase flow direction to be the same in the two
slabs, and thus when a DNG slab is in proximity of a
parallel slab made of a conventional material (i.e., a DPS
medium), the power coupling is anti-directional (i.e., anti-
parallel).

In this talk, we will first give a brief review of
electromagnetic propertiess of DNG media and their
waveguiding properties, and then will present the results
of our theoretical studies on mode coupling. We will then
mention physical intuitions and insights into our
findings.
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Fig.1 — Geometry of the structure

T T TETG BOASAN7 MTVASTIERR IFFR

234

[6] R.W.Ziolkowski and E. Heyman, “Wave propagation in

media having negative permittivity and permeability,”
Phys. Rev. E., vol. 64, no. 5, 056625, October 2001.

[71 L. V. Lindell, S. A. Tretyakov, K. I. Nikoskinen, and §.

{8]

[9]

Ilvonen, “BW media — Media with negative parameters,
capable of supporting backward waves,” Microwave and
Optical Technology Lerters, Vol. 31, No. 2, pp. 129-
133, October 2001.

R. A. Shelby, D. R. Smith, S§. C. Nemat-Nasser, and 5,
Schultz, “Microwave transmission through a two-
dimensional, isotropic, left-handed metamaterials,”
Applied Physics Letters, Vol. 78, No. 4, pp. 489-491,
2001.

P. M. Valanju, R. M. Walser, and A. P. Valanju, “Wave
refraction in negative-index media: Always positive and
very inhomogeneous,” Physical Review Letiers, Vol. 88,
No. 18, 012220, 2002.





