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h i g h l i g h t s

• Existence of complex waves in a dielectric waveguide of circular cross section is rigorously proved.
• A method for calculating complex waves using a dispersion equation is proposed.
• The location of the wave complex propagation constants is determined.
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a b s t r a c t

Existence of two families of symmetric complex waves in a dielectric waveguide of circular
cross section is proved. Eigenvalues of the associated Sturm–Liouville problem on the half-
line are determined.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

A dielectric waveguide of circular cross section, a dielectric rod (DR), is a basic structure in the broad family of open
waveguides. Many works (e.g. [1–3]) investigate complex waves in open dielectric waveguides. However, rigorous proof of
their existence remained unsolved. In this work, we report on the proof of the existence of two families of ‘surface’ and ‘pure’
symmetric complex waves in DR using the methods set forth by Shestopalov [4] and Shestopalov et al. [5].

2. Statements and results

Determination of symmetric (azimuthally-independent) TE waves in a DR of radius a described (in Cartesian coordinates
x1, x2, x3) via nontrivial solutions to homogeneous Maxwell’s equations having the nonzero field components written in

E-mail address: yuyshv@hig.se.

https://doi.org/10.1016/j.wavemoti.2018.07.005
0165-2125/© 2018 Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.wavemoti.2018.07.005
http://www.elsevier.com/locate/wamot
http://www.elsevier.com/locate/wamot
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wavemoti.2018.07.005&domain=pdf
mailto:yuyshv@hig.se
https://doi.org/10.1016/j.wavemoti.2018.07.005


Y. Shestopalov / Wave Motion 82 (2018) 16–19 17

Fig. 1. Dynamics of γ1(ℑϵ) on the complex γ -plane at κ = 1 and ℜϵ = 8, 10, 13 (left, central and right curves)as t = ℑϵ increases from 0 to 7.34.

Fig. 2. The first 11 zeros of F̃D on the complex γ -plane at 11 different values of ϵ = 10 + (10 − 0.2(k − 1))i, k = 1, . . . , 11.

polar coordinates with r =

√
x21 + x22 as

H = [0,H2(r, x3), 0], E = [E1(r, z), 0, E3(r, x3)], (1)
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k2s
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dr
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is reduced to a singular Sturm–Liouville problem on the half-line
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1
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dr
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) + k2sφ = 0, r > 0, [φ]|r=a =

[
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= 0, (3)

φ ∈ C[0, +∞) ∩ C2(0, a) ∩ C2(a, +∞), k2s =

{
k20 − β2, r > a,
ϵk20 − β2, r < a; (4)
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i
a

√
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1 − γ 2. (5)
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