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Abstract: It has been nearly twenty years since the term “metamaterial” was coined and the demonstration in 2000 by our group
of an artificially structured metamaterial with a negative index-of-refraction. This demonstration spurred enormous interest in
metamaterials as a means of achieving material response not available in conventional materials, leading to many new material
concepts. This line of research peaked with the development of transformation optics and the demonstration of a metamaterial
“invisibility cloak.” Yet, as exciting and novel as they were, most of these highly compelling metamaterial concepts did not
translate to viable applications, leaving them in the realm of fascinating and thought-provoking science. In more recent years,
our group has focused on applying the fundamental techniques of metamaterial design to engineered systems, finding new
routes to device and system design enabled by the metamaterial approaches. The constituent elements of metamaterials can be
equated to the atoms or molecules of conventional materials, which are typically described by their dipolar response. This
specific aspect of metamaterials can be used to form a framework for engineered materials and surfaces, which can be reduced
both conceptually and physically to collections of interacting polarizable electric and magnetic dipoles. This coupled dipole
approach provides a basis for the accurate design and modelling of electrically large devices, providing new insights and leading
to new architectures for many types of systems. The metamaterial approach has been applied to the design of apertures for use
in such fields as satellite communications, radar, and microwave imaging. I will discuss the emerging metamaterial approach to
engineering, with specific examples from our own work on antennas and millimeter wave imaging systems.
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