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REMOVING NONPHYSICAL SOLUTIONS OF ELECTROMAGNETIC WAVEGUIDE

NONLINEAR EIGENVALUE PROBLEMS (BY USING THE EIGENVALUES OR THE

SENSITIVITY OF THE EIGENVALUE OF THE LINEARIZED PROBLEMS)
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A scheme based on the hybrid Trefftz finite element method (HTFEM) of electromagnetic
wave propagation in a waveguide results in a nonlinear eigenvalue problem. Solving the
eigenvalue problem by the Sakurai-Sugiura projection method (SSM) yields all propaga-
tion constants and spurious solutions in the region bounded with a closed integral path
for SSM on the complex plane of the propagation constant. In our previous paper, using
dependency of the spurious solutions on the boundary of the region, we could discard the
spurious solutions. Seeking a simple index which can separate the eigenvalues into the
propagation constants and spurious solutions, we examined following two values of the
generalized eigenvalue problem with a Hankel and the shifted Hankel matrices computed
by SSM: the sensitivity of the eigenvalue problem and the eigenvalue of the Hankel matrix.
Numerical results of a three layered dielectric waveguide and a metallic grating on a slab
waveguide show the usefulness of the presented indices.
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Fig.1 A metallic grating on a dielectric slab waveguide
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(b) TM-mode

Fig.2 Dependences of the relative errors of the propagation

constants on the dimension of Hankel matrices M
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Table 1 Normalized eigenvalues 5\p, F; and P corresponding to ;\p in eq.(14) in the case of N, = 128 for propagating

characteristics in the three layer dielectric slab waveguide

TE-mode (I': op = 6.3, pp = 0.4) TM-mode (I": op = 4.6, pp = 0.4)
M Aip F Py M Aip F Py
4 |t 6.07580+j0.00000 | 15.91 4.87 t  4.33015 +j0.00000 | 5.20 x 10~6 | 0.13
t  6.49057 — j0.00000 | 2.85 2.19 4.18149 — j0.00149 2.74 x 10719 | 4.50 x 1076
6.44021 — j0.42901 2.60 x 10729 | 4.20 x 10~15 4.17357 — j0.00204 5.98 x 10721 | 6.53 x 107
6.51718 — j0.64933 7.24 x 10729 | 4.83 x 10715 4.08387 — j0.16570 9.36 x 10727 | 4.87 x 1012
8 | t+ 6.07580—j0.00000 | 0.76 2.12 t  4.33015 —j0.00000 | 8.91 x 10~* | 0.59
t  6.49057 — j0.00000 | 0.40 1.43 t 4.77001 4+ j0.19799 1.43 x 10728 | 3.52 x 10714
T 6.40423 4 j0.34695 2.20 x 10728 | 1.54 x 10~ 14 T 4.67626 4 j0.24200 1.21 x 10728 | 3.53 x 10~ 14
T 6.07290 + j0.16564 2.67 x 10729 | 1.27 x 1014 5.10972 — j0.12065 1.60 x 10727 | 2.99 x 10—14
+ 6.38270 — j0.35559 1.26 x 10728 | 1.33 x 10~ 14 4.78931 — j0.37299 1.67 x 10727 | 3.37 x 10~ 14
5.79857 — j0.19966 3.23x 10728 | 1.31 x 10~ 4 4.16308 — j0.00160 8.94 x 10722 | 1.09 x 10~7
6.67044 — j0.22400 3.18 x 10728 | 2,04 x 10~ 14 4.17665 — j0.00162 7.30 x 10721 | 1.22 x 10-6
6.83871 + j0.22241 3.99 x 10728 | 1.53 x 10~ 14 4.18178 — j0.00115 1.94 x 10719 | 1.35 x 10~
20 | t+ 6.07580 — j0.00000 | 1.09 2.51 20 | ¥ 4.33015 4 j0.00000 | 0.02 1.51
1 6.49057 + j0.00000 | 0.07 0.908 T 4.94373 4 j0.04384 3.60 x 10=27 | 9.03 x 1014
t 6.23281 — j0.33860 8.87 x 10728 | 413 x 10~ 14 t  4.65033 — j0.38923 3.95x 10727 | 7.78 x 10~14
t 6.12206 — j0.30619 9.00 x 1028 | 4.08 x 10~ 14 t 4.52632 + j0.39000 5.20 x 10727 | 8.10 x 10— 14
T 5.94443 —j0.15718 9.70 x 10727 | 8.83 x 10714 T 4.68722 4 j0.21784 5.94 x 10728 | 5.61 x 10714
+ 6.58704 — j0.25313 3.32 x 10727 | 6.02 x 1014 T 4.39096 + jO.32696 3.21 x 10727 | 7.92 x 1014
T 5.90505 + j0.01221 1.25 x 10726 | 9.81 x 10— 14 5.00057 — jO.11507 1.09 x 10726 | 1.92 x 1013
t 5.94207 +j0.16957 1.62 x 10726 | 1.07 x 10~ 13 4.76562 + j0.43670 8.09 x 10727 | 1.03 x 10~13
T 6.66253 +j0.15431 1.29 x 10726 | 1.04 x 10~13 4.73709 — j0.37749 2.06 x 10726 | 1.42 x 10~ 13
T 6.43757 +j0.20617 3.71 x 1028 | 5.40 x 10~14 5.00018 — j0.24501 1.09 x 10726 | 1.63 x 10~13
6.56310 — j0.53611 2.26 x 10727 | 6.00 x 10~ 14 4.91077 — j0.30256 8.95 x 10727 | 1.29 x 10~13
5.99070 — j0.38887 3.24 x 10727 | 527 x 1014 4.99007 + j0.11486 1.56 x 10726 | 1.51 x 1013
6.41811 — j0.40923 7.18 x 10727 | 8.59 x 10—14 4.42730 — j0.43876 1.22 x 10726 | 1.52 x 1013
6.00345 + j0.30184 1.24 x 10726 | 1.02 x 1013 4.92378 + j0.31430 8.93 x 10727 | 1.01 x 10~13
6.68249 — j0.15627 1.74 x 10726 | 1.31 x 1013 4.30899 — j0.31304 2.21 x 10727 | 551 x 10~
6.74175 — j0.01251 1.14 x 10726 | 9.93 x 10— 4.25008 + j0.34741 1.81 x 10726 | 2.78 x 10~ 13
6.11760 + j0.43538 5.75 x 10728 | 3.71 x 10~ 14 4.18187 — j0.00103 6.96 x 10719 | 1.47 x 10~°
6.57387 + j0.30878 1.02 x 10727 | 3.40 x 10~ 14 4.17751 — j0.00146 2.87 x 10720 | 9.25 x 10~
6.46965 + j0.46899 2.17 x 10727 | 6.48 x 10~ 14 4.16679 — j0.00123 3.12x 10721 | 833 x 107
6.21144 + j0.41635 4.08 x 10728 | 2.75 x 1014 4.14648 — j0.00092 6.13 x 10722 | 1.51 x 10~8
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Fig. 3 Distribution of computed eigenvalues of the three

layer dielectric slab waveguide in the case of N; = 128
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Fig.4 Distribution of computed eigenvalues of the metallic
grating on dielectric slab waveguide in the case of M = 8
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Table 2 Normalized eigenvalues /A\p7 F; and Pj; corresponding to ;\p in eq.(14) in the case of M = 8 and N, = 128 for

propagation characteristics in the metallic grating on the dielectric slab waveguide

TM-mode (I': op = 5.4 —j0.3, pp = 0.4)

TE-mode (I': op = 5.7, pp = 0.4)
Aip F Py
t  5.70470 — j0.03592 | 63.03 12.13
T 5.44572 — j0.26726 2.27 x 10725 | 4.65 x 10713
5.79435 — j0.61527 1.50 x 10725 | 4.66 x 1013
6.05698 — j0.36195 2.56 x 10725 | 6.97 x 10~13
5.23068 + j0.04494 7.72 x 10725 | 7.69 x 10~13
5.44260 + j0.34025 1.58 x 10725 | 3.58 x 10~13
5.90075 + j0.42783 3.03 x 1072% | 5.61 x 10~13
6.37356 + j0.27229 1.98 x 10725 | 5.08 x 10~13

— —+ —+ —+ —F

Aip F Py

5.40463 — j0.33948 | 0.65 5.93

5.41765 + j0.06226 2.85 x 10724 | 2.07 x 10712
5.31939 — j0.54192 5.25 x 10725 | 2.83 x 10—12
5.69578 — j0.06346 2.00 x 10724 | 1.74 x 10~ 12
5.57245 — j0.41983 6.32 x 10725 | 3.12 x 10712
4.89063 — j0.13889 4.09 x 10=2% | 5.00 x 10—13
5.21344 — j0.77829 9.75 x 10725 | 1.13 x 10~ 12
5.99795 — j0.49837 1.82 x 10724 | 1.07 x 10~12
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