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Abstract— For statistical prediction of electromagnetic
(EM) coupling in the wave-chaotic cavity, the random cou-
pling model (RCM) has been utilized. RCM can also be a
useful tool for practical applications such as cavity with ap-
erture excitation, but there are limited experimental verifi-
cations. Here, we present a method for predicting the statis-
tical properties and induced voltage in a wave-chaotic cav-
ity where an EM wave is incident through an aperture. Uti-
lizing the aperture impedance based on transmission line
theory, the effectiveness of the proposed approach is
demonstrated via measurement.
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I. INTRODUCTION

In recent years, the random coupling model (RCM) has re-
ceived considerable interest in the field of electromagnetic
compatibility and high-power electromagnetics in that it can
predict the statistical properties of waves inside electrically
large cavities in the short-wavelength regime based on
wave-chaos [1]. By utilizing the impedance and scattering
parameters of cavities and ports, RCM provides statistical
predictions of electromagnetic (EM) coupling effects on the
target of interest [2].

However, in order to employ RCM in a broader range of
applications, it is desirable to predict coupling effects in a
more practical environment where the input power is inci-
dent through the aperture. Hence, we present an extended
RCM for predicting statistical properties and induced volt-
age in a wave-chaotic cavity with aperture excitation. The
proposed concept can be demonstrated using a scattering
matrix derived from the aperture impedance.

II. RCM WITH APERTURE EXCITATION

Figure 1 illustrates the experimental setup and general idea
of RCM prediction in a wave-chaotic cavity for an incident
EM wave from external radiation through an aperture. The
cavity (1.2 m X 1.2 mX 0.7 m) is composed of a rectangular
aperture (0.2 m X 0.15 m), a target (receive antenna), and a
mode stirrer (generating 200 different sets of ray trajecto-
ries). With the aperture, our experimental investigation in-
volves two-stages: stage 1) the free-space propagation stage
where the wave is incident on the aperture of the cavity, and
stage 2) the cavity propagation stage where the incident
wave undergoes ray-chaotic propagation and couples to tar-
get with the loss parameter a.
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Figure 1. Illustration of the experimental setup and ABCD
parameters for each stage based on the proposed approach.

Here, the purpose is to predict only the statistical proper-
ties inside the cavity using the RCM by obtaining a. To this
end, a should be determined using the scattering matrix in
the stage 2, but the measurement provides the scattering ma-
trix between the transmit horn antenna and the target, which
includes both stages. Hence, our proposed approach is to
obtain the ABCD parameter of the stage 1 (ABCDy)
through theoretical derivation, and then calculate the ABCD
parameter of the stage 2 (ABCD,,,) through matrix opera-
tion with the converted ABDC matrix from the measured
scattering parameter (ABCD,,.45). Since the surface of the
aperture can be represented as a transmission line, the aper-
ture impedance and the resulting ABCDy, are calculated
through transmission line theory [3].

I11. CONCLUSION

A method for predicting the EM coupling in a wave-chaotic
cavity through aperture excitation is proposed. By utilizing
the aperture impedance, the statistical properties inside the
cavity can be predicted using RCM even for the coupling of
incident power entered through an aperture. Further devel-
opment of impedance analysis for other aperture shapes can
expand the scope of the proposed RCM approach.
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