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Metamaterials: Exotic optical properties due to sub-wavelength structure

Teruya Ishihara
Graduate School of Sciences, Tohoku University, 6-3 Aramaki-Aoba, Sendai 980-8578

A metamaterial is an artificial composite with exotic electromagnetic response that is not readily found in
nature. It consists of a unit with a size smaller than the wavelength of incident electromagnetic wave while
much larger than the atomic scale. Such a composite can be regarded as an effective new material, of which
properties can be designed artificially by its structure. In optical frequency, the magnetic response is negligible
and permeability is identical to that of vacuum. By designing appropriate metal-dielectric composite structure,
however, it is possible to modify it significantly and can make it even negative. Furthermore if it is combined
with negative permittivity, refractive index becomes negative. With metamaterials many unusual phenomena
such as 'perfect' imaging and an invisible mantle emerge. The impact of the metamaterial paradigm to a
research field of solid state photo-physics will be discussed in the lecture.
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