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Field Distribution of Guided Modes and Surface Guided Modes in
Rectangular Waveguides with Left-Handed Materials

Wang Zhenyong Zhou Jun Zhang Lingfen Ren Haidong Jin Changxiang
(School of Science, Ningbo University, Ningbo. Zhejiang 315211, China )

Abstract According to Maxwell equations and boundary conditions of electromagnetic field, the general dispersion
equations are reduced for the guided modes in rectangular dielectric waveguides. The field distributions of the guided
modes are numerically simulated for the waveguides with ordinary dielectric materials and the rectangular waveguides
with left-handed materials (LHMs) , respectively. The simulation results show that field distribution of the EJ, mode
is restricted mainly in the central part of waveguide with LHMs compared with that of Ef, mode of the waveguide
with dielectric materials. Based on Marcatili's method, the dispersion equation of surface guided modes in rectangular
waveguides with LHMs is deduced, and the field distribution of lower-order modes is numerically simulated. The

results show that energy of field mode is located mainly in the four angles and edges of waveguide with LHMs.
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Table 1 Value of N, and N, on several low-order modes
m=0 n=20 m=1 n=1 m=2 n=2 m=3 n=3
Rectangular waveguides with ordinary materials ~ 2.1905 2.1910 1.1619 2.1640 2.1143 2.1187 2.0483 2.0551
Rectangular waveguides with LHMs — — — — 2.1859 2.1848 2.1424 2.1381
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Fig. 4 Field distribution of E, for the guided modes in rectangular waveguides with LHMSs. (a) Ej,, (b) Ej;, (o) Ej, (d) Ej
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Fig. 6 Field distribution E, for the surface guided modes in rectangular waveguides with LHMs
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