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   A group of small pieces of, for instance, metals, dielectrics, semiconductors, 
superconductors, and the like can be seen as a homogeneous material by an 
electromagnetic wave whose wavelength is much larger than each of the constituents. 
Such artificially composed material is referred to as a metamaterial. By carefully 
designing the material kind, the shape, and the arrangement of each constituent, the 
metamaterials can exhibit unusual electromagnetic properties which do not exist in 
nature. For instance, one can realize the unusual super lens effect with a focus exceeding 
the diffraction limit, the reverse Doppler effect, the backward Cherenkov radiation, and 
the like by using left-handed materials [1] with negative refractive indices. Even an 
invisible cloak [2] has already been demonstrated at a microwave frequency by using the 
metamaterial technology. 
   The first demonstration of negative refraction has been carried out [3] by using the 
metamaterial concept with an composite array of small metallic split-ring resonators and 
metallic wires at a microwave frequency in 2001. Since then, a great interest is given to 
metamaterials due to their high potentials for exploring novel material properties. 
Currently, extensive research and development activities are undertaken for commercial 
epoch-making applications such as beam steering antennas for automotive collision 
detection radar and compact high-isolation antenna arrays for mobile phones or wireless 
LAN routers by exploiting the metamaterials' unique properties at microwave 
frequencies. The operation frequency is increasing rapidly up to optical frequencies with 
an assistance of nanofabrication and chemical self-assembly technologies.  
   It is noted that the fundamental concept of metamaterials is diverse and not limited to 
electromagnetic waves. It would be able to be exported to electrons, elastic waves, fluids, 
heat, and the like. 
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