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Abstract
Materials are often the means to control and manipulate electromagnetic fields and
waves. With the recent development in materials science and engineering, nanoscience
and nanotechnology, and atomic- and molecular-level structuring of matters, ample
opportunities have become available to construct structures with unprecedented attributes
and characteristics in tailoring and sculpting waves and fields at various length scales.
We have been exploring a series of phenomena related to the wave-matter interaction in
platforms with “extreme” features, such as one-atom-thick structures capable of guiding
EM waves (i.e., thinnest possible waveguides), composite structures with near-zero
effective refractive index, geometry-independent resonant structures (i.e., cavity
resonators whose resonance frequency is independent of the shape of their external
boundaries), photonic doping of zero-index media (i.e., electromagnetic analogue of
electronic doping), materials with effective permittivity and/or permeability near zero,
optical lumped nanocircuitry (“optical metatronics”) which is a circuit paradigm with
light at the nanoscale, slow energy velocity, nonreciprocal vortices at subwavelength
scales, materials that can perform analog computing with waves, large anisotropy and
nonlinearity, and more. The “extreme electromagnetics” is an exciting platform with
unconventional features and functionalities in wave dynamics. I will discuss some of our
current work in these areas, will present some of the exciting opportunities and
challenges, and will speculate some future directions and possibilities.
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