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Analysis of electromagnetic problems including antennas, specific absorption rate (SAR) calculation for

biological electromagnetic effect between antenna and biological body, design of printed antennas on finite
dielectric substrates, microwave devices, monolithic microwave integrated circuits, communications, radars
and imaging, and so on, requires numerical methods, which become extremely powerful with today’s
computer technology and intelligent parallel processing approaches. Two popular numerical techniques for
these kinds of problems are based on either integral equations or partial differential equations. Integral
equations are often numerically solved with the method of moments (MoM), which is one of the most widely
used. The finite difference time domain (FDTD) technique is also one of the most popular numerical method
for solution of partial differential equations appeared in EM area. However, no single method, either analytic
or numerical, is best suited for handling all possible cases in these problems; instead, a combination of
methods is required to attain greatest flexibility and efficiency. Therefore, the trend is definitely toward
“hybridization”. |
In this thesis, a numerical approach using the constrained interpolation profile (CIP) method, which was
first proposed by Yabe et al. in 1985 in the field of computational fluid dynamics, is applied to
three-dimensional electromagnetic analysis of plane wave scattering by perfectly conducting and dielectric
objects. In addition, the combination of the CIP method with the FDTD method is proposed to analyze the
antenna problems. The FDTD method suffers from numerical dispersion or anisotropy, i.e. numerical
propagation velocity of electromagnetic wave depends on cell size, time step size, and direction of
propagation. This anisotropy causes an accumulative phase error and restricts the analysis solution to the

Rayleigh or resonance region where electrical length is in the order of a few wavelengths. The CIP method
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Fig. 1 Phase characteristics of the CIP and FDTD method.

has better phase characteristics than the FDTD method so that it is expected that the phase error or
dispersion effect is reduced by using the CIP method in the propagation region of electromagnetic wave.

Firstly, we applied the CIP method to the Maxwell's equation by using the characteristic method, and then
update equations for electric and magnetic fields are derived. Next, the results of 2d numerical analysis for
stability and accuracy of the CIP method showed us that the amplitude of electromagnetic waves simulated
by the CIP method decreases gradually every time step except in the case of CFL = 1 where amplitude of
electromagnetic field analyzed using the CIP method oscillates around a constant value without decrease.
Consequently, CFL number must be set to unity to give an accurate result in the CIP method. This result
reflects the analysis in the successive part of the thesis in which we set CFL to unity. Besides that, the CIP
method shows better phase characteristics compared to conventional Yee's FDTD method as shown in Fig. 1.
Phase errors in the CIP method is about half of that in the FDTD method for the case of identical cell size.

Then, the CIP method was applied to three-dimensional scattering problems in electromagnetics. Before
PEC or a dielectric objects can be modeled, the boundary condition for each material is defined and
formulated for the CIP method. Update equations for PEC, lossless dielectric interfaces are derived.
Additionally, computation algorithm for lossy dielectric object is proposed and verified by the results. From
the analysis results, it was shown that

1. The boundary condition for PEC Iinterfame is validated by numerical results of scattering cross sections
of a PEC sphere. The fact that the outermost boundary in the CIP method behaves like the first-order Mur
absorbing boundary condition in the FDTD method was confirmed by the numerical results.

2. For the lossless dielectric case, the phases of scattering coefficient of dielectric sphere obtained by the
CIP method are more accurate than that of the FDTD method. The numerical results show the
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Fig. 2 Analysis model for the CIP and FDTD method.
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Fig. 3 Forward scattering cross section obtained by the CIP and FDTD method.

correspondence between the analytical results obtained by Mie's series and the results obtained by the CIP
method. The resonant peaks of forward scattering cross section (SCS) obtained by the CIP method do not
change with respect to the cell size while the forward SCSs are shifted to the lower frequency when the cell
size is large in the FDTD method. These forward SCSs showed the superiority of the CIP method over the
FDTD method in the scattering problems. The analysis model and analysis results are shown in Fig. 2 and
Fig. 3, respectively, where A is the spatial discretization in each axis.

3. For the lossy dielectric case, the accuracy of the scattering cross section computed by using the CIP
method is better than that of the FDTD method. Additionally, using the property that electric and magnetic
fields locate at the same location in the CIP method, the calculation of radiated power can be done
straightforwardly while in the FDTD method, an averaging method must be used to determined electric and
magnetic fields at the same place. The total scattering cross section obtained by the CIP method shows a



good agreement with the Mie's analytic result while that of FDTD method presents some discrepancy in the
analysis results.

In the last part of this thesis, we proposed a new hybrid method called CIP-FDTD hybrid method to solve
radiation problems in electromagnetics. Firstly, we proposed a boundary between the region calculated by
using the FDTD method (socalled FDTD region) and the region calculated by using the CIP method
(so-called CIP region) and showed a valid algorithm for the boundary. Next, the phase characteristics of the
CIP-FDTD method was characterized in 2d analysis space by computing the phase velocity in each
propagation direction and compared them with the results. We found that the phase error is almost the
same with the case of the CIP method in whole region. Therefore, by combining the FDTD region and CIP
region together, we can reduce the propagation phase error occurred by dispersion inherited in the FDTD
method because most of the propagation region is now the CIP region which have much smaller dispersion.
The validity of the proposed boundary was confirmed by the reflection and transmission coefficients. Finally,
we analyzed the antenna model to show the possibility of the CIP-FDTD hybrid method for the analysis of

radiation problems in electromagnetics.
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