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Validity of the Expression of Transmission Cross-Section for Two Cases:
A Single Transmission Resonant Aperture Structure and Finite Array Structure
Composed of a Non-Transmission Resonant Aperture
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Abstract

For an electromagnetic plane wave that is normally incident upon an aperture or aperture array in an infinite perfectly electrical
conducting plane, the validity of the general expression for the transmission cross-section as a measure of the transmitted power through
the aperture or aperture array is investigated for the following two cases: first, for a single transmission resonant aperture (TRA) such
as a complementary split ring resonator, which is larger than Bethe’s small magnetic dipole; second, for the finite periodic array of
a non-TRA such as the usual circular or rectangular apertures aligned along the E-plane direction corresponding to the parallel
configuration in terms of the terminology of the electrical dipole array theory. To validate the investigation, the proposed expression
is applied to a general aperture distribution, and the results are compared with the results obtained using the Rao - Wilton - Glisson
method for the above two cases of aperture distributions. Consequently, it is discovered that for the finite array of non-TRAs, the
E-plane aperture array produces an improved directive for the field than the H-plane aperture array used as the Huygens source. This
observation may aid in understanding the underlying physics of the two-slot model for rectangular microstrip antennas and the basic
1D linear array as a minimal system exhibiting the extraordinary optical transmission phenomena in 2D aperture arrays.
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Fig. 1. CSRR structure and frequency characteristics.
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Table 1. Variations of 7y, TCS (MoM), TCS (2D A%4 ) and directivity versus aperture number N for E-plane array.

n‘;‘ﬁ‘;rjv Separation bet;”dele:;c:;i a;;ac[zl;fpeme along | g (MoM) [mm] TCS (2D A4 7)[mm?] | Directivity
5 21.0 1,359.77 1,420.88 16.30
8 21.6 2,431.45 2,457.58 28.20
10 21.7 3,164.72 3,198.21 36.70
12 21.9 3,903.59 3,914.95 44.92
14 22.0 4,640.53 4,638.18 5322
16 22.0 5,362.95 5,366.10 61.57
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n‘:{‘fbr:rm;’v Separation bf;tfg:;tmj a;};“i:ﬁn?peme Aong | g (MoM) [mm TCS @D AY4x) [mn?] | Directivity
5 24338 992.66 1,089.39 12.50
8 24.000 1,633.87 1,813.30 20.81
10 24.065 2,064.55 2,282.24 26.19
12 24.065 2,494.20 2,756.55 31.63
14 24.000 2,924.93 3,244.83 37.23
16 24.000 3,357.61 3,721.60 42.70
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