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We reported a hybrid Trefftz finite element method(HTFEM) with Sakurai-Sugiura pro-

jection method(SSM) for mode analysis of electromagnetic waveguides with degenerate

modes such as multi-core fibers and hollow-core holey-fibers; firstly, we presented a hybrid

Trefttz element formulation of a uniform waveguide along the electromagnetic wave prop-

agation direction. Secondly, in order to compute all complex propagation constants of de-

generate and non-degenerate modes simultaneously, we replaced SSM for non-degenerate

eigenvalue problems by SSM for degenerate eigenvalue problems. Lastly, we demonstrated

validity of HTFEM by comparing analytic solutions and numerical results of degenerate

and non-degenerate modes propagating in a cylindrical dielectric waveguide.

Key Words: Hybrid Trefftz Finite Element Method, Sakurai-Sugiura Projection Method,

Electromagnetic Waveguide, Nonlinear Eigenvalue Problem, Degenerate Mode
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Table 1 Normalized eigenvalues ¥/ko, F; and Py for propagation characteristics in the cylindrical

dielectric waveguide

(a) koa = 3.0943817, o/ko = 1.2, p/kg = 0.1

HTFEM Analytic
Mode A1/ko F Py Ya/ko
TEo1 | t 1.26175+ j5.15948 x 10~17 | 4.13 x 10~ 2 5.38 x 10~1 1.26175
TMo; | t 1.19173 —j3.03396 x 10~16 | 3.56 x 102 7.09 x 10~1 1.19173
HE2; | t 1.19173 —j1.16663 x 10~ | 1.24 x 1075 | 4.93 x 103 1.19173
HE2; | t+ 1.19173 +33.42619 x 10~15 | 2.53 x 10~° 1.38 x 1072 1.19173
- T 1.27748 4j1.14703 x 1072 | 1.73 x 10739 | 2.57 x 10~1° -
- T 1.221554j1.71083 x 1072 | 1.58 x 10739 | 7.89 x 10~ 1° -
- 1.18852 + j2.33648 x 10~1 | 7.80 x 10731 | 6.29 x 10~16 -
- 1.07439 + j6.01875 x 10~3 1.14 x 10729 | 2.31 x 10715 -
(b) koa = 3.6870863, o/ko = 1.12, p/ko = 0.1
HTFEM Analytic
Mode A1/ ko Fy Py Ya/ko
EHy; | T 1.12156 —j1.22282 x 10~ 14 | 1.04 x 10~4 1.22 x 1072 1.12156
EHy; |t 1.12156 —j7.42678 x 10~ 1% | 2.22 x 10~4 2.16 x 10~2 1.12156
HE12 | f 1.03665 —j1.62447 x 10~ | 1.62 x 10~° 2.42 x 1072 1.03665
HE12 | f 1.03665 —j1.29023 x 10~ 1% | 2.02 x 1073 7.99 x 1072 1.03665
HE3; | t 1.03665 —j1.28905 x 10~16 | 6.26 x 10~2 1.29 x 10~ 1.03665
HE3; | f 1.03665 —j1.73553 x 10~ | 2.24 x 107> 1.51 x 10—2 1.03665
- T 1.09302 — j4.96942 x 102 6.182 x 10739 | 4.19 x 10~15 -
- 1.22255 — j4.11396 x 102 1.21 x 10—29 2.04 x 10715 -
DERLZITV, PR B RS B 72 BN R il & o Leiic (6) FEmEENE, HRELFAN, Eallldhia, IBHERSE @ B

&0, ZToZYMEER L. S%E, IVFaATNHT A
N, TH D IR T 7 AN EOEIE BRI 21T 5.
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