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Revisiting the Waves on a Coated Cylinder 20
by Using Surface-Impedance Model
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Abstract—The results of analytical and numerical study of the modes ¢ surface

propagating on an impedance-surface circular cylinder are communi- \
cated. Besides the well-known axially symmetric Sommerfeld’s mode, 1.6 fivt
another hybrid mode, having a single azimuthal variation, can propagate v
at any frequency. For a realistic cylindrical conformal antenna, the both = M\ g | —  Ey
wavenumbers are quite comparable. This may cause additional coupling i
between array antenna elements. 1.4 F-\p P e .| —e— HE 1
i : {| = — approximate
formulas

Index Terms—Dielectric-coated metallic cylinder, printed antennas,
surface impedance.
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. INTRODUCTION

The analysis of the electromagnetic wave propagation along an
imperfect infinite circular wire was first done by Sommerfeld in his 1.0
pioneering paper [1]. He discovered that a TM maig, having o 2 3 4 5 6 7 8 9 10
no azimuthal field dependence, can propagate at any frequency. ka
Cylinders have been studied in view of waveguide and antenpg. 1. Dispersion of impedance-wire modes.
applications since the 1950's [2]-[6]. A new interest to the dielectric-
coated cylinder has appeared recently in concern of the radiation of
conformal printed antenna arrays [7]. The efficiency of radiation, If m = 0, (2) splits to two separate ones, for axially-symmetric
input impedance, and the far-field radiation pattern are influencéd! and TE modes. Following [1] and using one-term approximation
by the guided and leaky modes of the substrate. As the thicknd@s Ko (ka3), one finds that ifta < 1 there is a root corresponding
of the coating is normally small, it can be approximated by a® the modeEbo;
impedance-type boundary condition [5]. As we demonstrate, besides
the well-knownEy; mode, another onef{ E1;) is able to propagate hJk = {1 +i2Z.kaln(—ikaZ)] " }V/2 (3)
with a nearly equal wavenumber.

If m # 0, (2) has a more complicated structure because nonsymmetric
Il. DISPERSION EQUATIONS modes are hybrid ones, with all six field components present. The
The modal analysis of the surface waves propagating along @@st interesting is the case = 1, as in this mode family there is
impedance wire (Fig. 1) as a traveling wawep(iwt — ihz) is based another principal mode having no cutoff. By using two terms of the
on the eigenvalue problem, in terms of the wavenunibfar the set Series expansion aks (ka3) (one is not enough!), we arrive at the
of homogeneous Maxwell equations with the boundary condition following expression valid ifva < 1:

Etan = ZvZs [;Lout X -than]s r=a (l)

h 4 1 i 1 172
) . . =314+ ——exp — — s+ = 4)
and a request to the field to decay in the cross-sectional plane. (vka) (ka)®  ka Zs
Here, Z, is the normalized surface impedance. Due to the circular

symmetry, the modes having = 0,1.2,--- azimuthal variations for the wavenumber of the hybridf E;; mode, wherey =

can be considered separately that results in the following dispersiongi1---. If contrary ka > 1, then for the both modes the
equations: wavenumbers tend th/k = (1 — Z2)'/2,
N . . et . In the case of a constant lossless impedafice- iZ, Z > 0, the
. 213 K 13) — (L ey Ay ) y
(L‘“‘/j)' [’i? ”r"l(ka”j)/ lZS‘g"‘(La“i)][’dyA ’"Uw*}z results of numerical solution of (2) by the Muller method are shown in
—iZy Ky (kaf)] +m”(1+ 5°)[Km(kaf)]” =0 (2) Fig. 1. The dispersion curves agree with (3) and (4) for sialk 1

émd show almost the same value after= 5. Thus, Sommerfeld’'s
mode strongly dominates in the thin-wire propagation case studied in
[1]. Probably this explains the reason of overlooking the madg,
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where K,,,(-) are the modified Bessel functions of the second kin
k is the free-space wavenumber, afd= (h*/k* — 1)%.
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Fig. 2. Wavenumber relief for the Sommerfeld’s mode.
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Fig. 3. Wavenumber relief for the “dipole” mode.

Ill. DIELECTRIC COATING ON A METAL CYLINDER
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Fig. 4. Dispersion of modes on a coated cylinder.

of the higher order modes, which have nonzero cutoffs. The nearest
of them, denoted a#l E/1-, is also shown.

IV. CONCLUSION

By using a simple model, we have shown that in a realistic
cylindrical antenna geometry, not one but two different guided modes
Ey and H E;; can be excited whatever thin is the substrate. Both
modes should be taken into account in a full-wave analysis of a
conformal antenna performance. Actually, the hybrid mode, which
we reported here, is similar to the so-called “dipole” principal mode
of a dielectric fiber [6]. Dispersion equation for the hybrid modes
on a dielectric-coated metallic cylinder has been known before [6],
but no numerical results were given, except for [4]. In [8], an
erroneous assertion on ti#eE+; low-frequency cutoff was found. A
correct conclusion that here this mode has no cutoff seems to be met
only in [4] and [9]. Zero cutoff frequency means that a mode can
propagate however thin the substrate. This fact has a fundamental
nature and can be studied by the surface-impedance approach in
spite of the approximate character of (5). Our final remark is that
arbitrary excitation will launch two modeH E;; having the fields
of orthogonal symmetry.
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