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Design of metamaterials based on equivalent circuit model with retarded
electromagnetic coupling
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We propose equivalent circuit models with retarded electroma?netic couplings
for complex metallic structures. We deal with wired metallic spheres and theoretically derived the
equivalent circuit models from Maxwell®s equation. We prove that the retardation in the circuit
characterizes the radiation loss. The retardation in the mutual couplings of the meta-atoms connects
the resonant frequencies of each mode to the radiation loss. The dispersion characteristics of the
periodic structure have singular points on the light-line and the loss at the right-hand side of
the light-line is eliminated.
In order to model the single thin wire structures without return path, we propose the wave equation
of linear charge density and current and represent the radiation loss by the feedback of the
electric field generated by the terminals. We confirmed that the radiation loss by the proposed
model agrees with the results by the method of moment.
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