Three-Dimensional Scattering Analysis of Lossy/Lossless Dielectrics
Using Constrained Interpolation Profile Method

J. Chakarothai, Q. Chen, and K. Sawaya
Department of Electrical and Communication Engineering, Tohoku University
6-6-05 Aoba, Aramaki Aza, Aoba-ku, Sendai, 980-8579, Japan
E-mail: {jerd, chenq, sawaya} @ecei.tohoku.ac.jp

Abstract—The constrained interpolation profile (CIP) method for three-dimensional scattering anal-
ysis of lossy and lossless dielectrics has been successfully developed. It is used to reduce the effect
of averaging of the fields in the calculation of total scattered power. Validity of the method is demon-
strated by calculated total scattering cross section (TSCS) of dielectric spheres comparing with the
exact Mie’s result.

Introduction

The finite-difference time-domain (FDTD) method has been used extensively to calculate scat-
tering and absorption from dielectrics in the past [1]. However, averaging have to be used in the
calculation of radiated power because of the leapfrog arrangement of the field components. Recently,
the CIP method have been developed for scattering problems [2]. Since the CIP method is considered
to reduce the effect of averaging because all field components locate at the same place, it is applied
to calculate the scattered power from dielectrics and its accuracy has been validated.

Analysis model and results

Fig. 1 shows an analysis model for the CIP method. A dielectric sphere was placed in the center
of analysis region and an incident plane wave of a rectangular pulse with pulse width of 5A, where A
is cell size, was induced into the region from the left boundary. The TSCSs calculated on the surface
encompassing the dielectric spheres of ¢, = 2.0, 0 = 0.01[S/m] and ¢ = 0.1[S/m] are shown in Fig.
2, in which the FDTD and Mie’s results are also plotted. The results show good agreement with the
exact solutions of Mie, which demonstrates the validity of the method.

Conclusions

The CIP method for the 3D scattering of dielectrics has been successfully developed and its va-
lidity has been shown by the TSCS results in a wide range of frequency.
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Figure 1: Analysis model for CIP method. Figure 2: TSCS from lossy dielectric spheres.



