Metamaterials on a carousel – a journey in a non-inertial landscape
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Moving nano-strauctures and metamaterials may serve as a platform for new non-reciprocal devices such as
circulators and isolators [1-5], as well as for a new family of motion-sensors. Of particular interest is the case of
structures rotating at a given angular velocity Ω, as rotation is inherently non-inertial thus it exhibits a wider
class of unique physical phenomena. Furthermore, compare to linear translation, rotation can be manifested in
smaller physical settings. Finally, we point out that the study of the electrodynamics of rotating structures as
observed in their rest frame of reference, say ℝΩ , may be of great interest for several reasons. First, this frame of
reference alleviates the need to contend with the computational complexity associated with moving boundaries.
The transformation of the incident/scattered field from the inertial/Lab frame ℝ0 to ℝΩ , and back, can be done
using standard, explicit transformations [6], while the significantly more difficult task of solving the scattering
problem itself – the heart of the matter – incorporates non-moving boundaries in ℝΩ . Second, this frame of
reference is the natural one for the analysis of rotation sensors/optical gyroscopes for navigation, since the
rotation estimates must be obtained at the rotating platform itself.
For slow rotation, Maxwell’s equations in ℝΩ take on the familiar form that holds in ℝ0 , where the effect of
rotation is manifested only via the constitutive relations that takes on the form of an elaborated Tellegen’s
medium [7], that depends on location as well as on the rotation rate. Crucial for the analysis of rotating
metamaterials, is the development of polarizability theory and discrete-dipole approximations (DDA) that hold
in a structure whose background medium, as well as its constituents, satisfy the aforementioned constitutive
relations. It has been shown in [8] that for two-dimensional problems Maxwell’s equations can be rigorously
separated into independent TM and TE fields, despite the apparent complexity induced by rotation, and a
rigorous Green’s function formulation in ℝΩ has been developed for both polarizations. In this work, we use this
formulation to develop polarizability theory and DDA in ℝΩ . The effect of rotation on the polarizability of
dielectric particles, as observed in ℝΩ , will be studied and discussed. Emphasis will be made to express the
polarizability in ℝΩ , 𝛼(Ω), in terms of the conventional polarizability in ℝ0 , 𝛼(0) (i.e. the polarizability of nonrotating particle, observed in the lab frame), plus simplified analytical correction terms for the rotation footprint.
We then use the newly developed polarizability theory and DDA, in conjunction of the Green’s function in ℝΩ ,
to study the rotation footprint in complex rotating structures. Applications to non-reciprocal and/or rotationsensitive metamaterials and optical gyroscopes will be discussed. This research may pave the way for the new
paradigm of rotation-sensitive metamaterials.
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