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Abstract—I will present the details of an exact numerical Il. RESULTS
approach for precise modelling of artificial magnetic metama- )
terials, applicable for microwave and radio-frequency range. We now analyse the convergence of the actual properties

The pre-requisite for this modelling is a structure assembled of discrete structures towards a homogenised response, taking

as an array of capacitively-loaded well-conducting rings, which 5 ghherical shape of metamaterial sample (a cubic lattice,
is most typical for microwave applications of metamaterials. The

exact calculation takes all the mutual interactions into account, truncated ’FO g shape as C'Qse to a sphere as .pOSSIbIe). For small
however a number of time-saving symmetry considerations can SPheres with just a few unit cells along the diameter the shape
be applied to calculate the total impedance matrix.

10

I. INTRODUCTION

| part)

Metamaterials are usually described in terms of effec§ 5
tive material parameters [1]-[15], however it is known [16]=
that the real performance of practical metamaterial devicés
significantly deviates from theoretical predictions, even fo-g
strongly subwavelength systems. One of the reasons for that
discrepancy is the finite size and finite number of individuag
structural elements (unit cells of metamaterial). To analys§
the response of finite metamaterials with discrete structug
reliably, and yet to avoid the approach of full-wave numerical -10
simulations, a semi-analytical theory was developed, based on
the circuit modelling of the structure.

I will present the details of this approach, as applied to .
artificial magnetic metamaterials, based on capacitively-loaded
conducting rings [17]. The exact calculation takes all thé
mutual interactions into account, however a number of timeg
saving symmetry considerations can be applied to calculate
the total impedance matrix. =

I will then report the outcomes of such modelling with re-§ 0
gards to the realistic metamaterial structures, and demonstr@e
some important differences as compared to the design predfg-
tions. More specifically, | will report new findings related to® >
the effect of a discrete structure of practical metamaterials, &
opposed to the homogenised treatment assumed in the e1‘fec1:%/e_1 :
medium treatment. T S S S S S

Indeed, one of the newly found aspects [18] is that boundary 63 Freque?::y MHz 65
effects play a dramatic role in finite metamaterial samples with ’
d!screte structure, mal_<mg their obse_rvable propertles qu'FtS. 1. Frequency dependence of the real part of the magnetcigability
different from the predictions of effective medium theory. IR} the quasi-spherical metamaterial samples truncated from (a) “flat” or (b)
particular, general effective medium treatments, even thossyged” configuration of the initial boundary of the cubes. The sizes of the

tailored for a finite-thickness slabs [19], failed to describe tr_ﬁ@heres, in terms of_ unit cells per diameter, !s in_dicated by_ the numbers in the
b bl fi f tamaterial lenses limited in all t51sets. The grey solid curve shows the polarisation theoretically calculated for
observable properties or me $omogeneous sphere with the effective permeability [21] corresponding to

three dimensions [20]. the considered metamaterial structure.
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