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Effective-medium properties of meta-materials:
A quasi-mode theory
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In the spirit of the generalized coherent potential approximation, we applied a “quasi-mode” method developed in [1] to study the effective media properties of electromagnetic (EM) meta-materials. Embedding the meta-material under study into a background medium with tunable permittivity and permeability, we calculate the Green’s functions of EM waves traveling inside the medium by considering the scatterings caused by the meta-material. The density of states (DOS), the self-energy, and the mean free path of a mode can be calculated with the knowledge of the Green’s function given. The effective permittivity and permeability of the meta-materials can then be determined by maximizing the DOS, which is a function of the permittivity and permeability of the background medium. Compared with the standard S-parameter retrieval method [2], the present approach overcomed the multiple solution problems that exist in previous methods. Moreover, the “mean free path” obtained in present method is helpful to judge qualitatively how good are the effective medium parameters that we obtained for the meta-materials. As the illustrations of our theory, we performed numerical calculations based on the finite element method to study the effective-medium properties of both split ring and metallic wire resonators.
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