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Metamaterials: Mechanisms of Subwavelength Imaging

E. Shamonina1 and L. Solymar2

1University of Osnabrück, Germany
2Imperial College, UK

Metamaterials are artificial structures comprising of arrays of small resonant elements in which both the size
and the distance between the elements are much smaller than the wavelength. A number of metamaterial devices
have been designed to manipulate and control the near field following the idea of the perfect lens proposed by
Pendy [1]. His idea was to image an object of subwavelength dimensions a distance away from the source plane
by a plane parallel slab having a refractive index ?. A silver slab [1] or a multilayered silver metamaterial [2]
can serve as a near-perfect lens, with the limit of resolution determined by surface plasmon resonances and by
a high-frequency cut-off of the transfer function. There have been imaging experiments with silver slabs (see
e. g., [3, 4]), with a single layer of a 2D array of Swiss Rolls [5, 6], and with two or more layers of 2D arrays of
split ring resonators [7–10].

The purpose of the present work is to review the mechanisms of subwavelength imaging and discuss the
relationship between imaging and focussing. The mechanisms discussed will be the excitation of (i) surface
plasmons, (ii) magnetoinductive surface waves and (iii) phase conjugate waves at the outer boundary of the
lens. In addition we shall consider microchannelling [11] based on the eigenmodes of the periodic medium
and also on a set of magnetoinductive waves evanescent in the transverse direction and propagating in the
longitudinal direction. Imaging and focussing will also be described in terms of coupled resonators [7] and
finally the general topic of Poynting vector optics [12] will be discussed with indefinite media [8] as one of the
examples.
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