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Objectives:

Metamaterial is an effective medium which exhibits extraordinary electromagnetic response due
to the fine structure much smaller than the wavelength of interest. One good example is the
negative index material (NIM) which results from simultaneous negative permittivity and
permeability. In 2001 Smith (USA) succeeded to realize it in the microwave frequency range.
Afterwards this research which drastically changes conventional principle of optics grows rapidly
and the operating frequency increases up to the visible range of the spectrum recently. With
metamaterial it is possible to make imaging without wavelength-limited resolution, invisibility due
to electromagnetic wave detouring and magnetism in optics to name a few.

In Japan, the research activity in this field develops less intensively with unorganized research
activity. The objective of this study group is to achieve fruitful interaction of various researchers
with backgrounds in microwaves, THz and visible in order to establish the new field of

metamaterial of our own.
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Achievement:

We had a workshop with 16 members listed above on Janyary 7-8. Present status of research on
metamaterials, future research strategy and collaboration were discussed. Physics on
photo-induced magnetism, wave-propagation in impedance-matched system, Berry’s phase in
photonic crystals were discussed. As for metamaterial construction, meta-molecular and
transmission line approaches, nano-composites with ferromagnetic elements, loss compensation
due to optical amplification, utilization of magnetic and high-dielectric permittivity materials,
effective numerical calculation based on the boundary element method were introduced.
Application for sensing at optical frequency, nonlinear metamaterials, polarization control and
sources in THz region, compact high-frequency devises, controllable directional antenna were
reported. The discussion at the workshop resulted in an invitation of the forerunner of
metamaterials, Professor Veselago of General Physics Institute, Russia to Japan. He gave lectures
on metamaterials during March 3-7 at Electronics Department of Kyoto University, National
Institute of Materials Science, Research Center for Advanced Science and Technology of University
of Tokyo.
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Achievement:

On July 18-19, a workshop on activation of metamaterials research in Japan was held. The main
subject was how we can collaborate among universities and research institutes. The present
research activities in Japan can be categorized into four groups in terms of structure (periodic or
resonant) and frequency (electromagnetic wave or light). Adding a theoretical group, Sanada
(Yamaguchi Univ.), Hangyo (Osaka Univ.), Kajikawa (Tokyo Inst. Tech.), Ishihara (Tohoku Univ.)
and Sakoda (NIMS) proposed collaboration schemes and they were intensively discussed.

On January 23-24, a second workshop was held, where fourteen speakers reported their recent
reseach activities on metamaterials. Novel results such as periodic multipole method for numerical
calculation of electromagnetic field in metamaterials, artificial dielectric metamaterials in THz
region based on metallic structure, plasmon nanoresonator for sensing, null-reflection, completely
invisible medium for circularly polarized electromagnetic waves were intensively discussed.

Following these achievement, we proposed a new Frontier Research and Development
committee in JSPS in order to promote cooperation among industry and academia, which was
accepted. Starting from FY2009, it will run for three years in cooperation with an ITAS project

under the same name.



