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Electromagnetic Scattering from Cylindrical Cavity-Backed Apertures with Inner or Outer
Longitudinal Corrugations : The Case of E-Polarization

Won-Gyu Lim, Dong-Zo Kim, Ki-Jin Kim and Jong-Won Yu

Abstroct— The exact series solution for the scattering of
electric Hne source from a cylindrical cavity-backed aperture with
longitudinal corrugations is formulated by using mode matching
techmique, The scattered and penetrated Helds are represented
in ferms of an infinite series of radial modes. By applying the
appropriate boundary conditions, the coefficients of the scattered
and penetrated fields are obtained.

Index Terms—

I. INTRODUCTION

LECTROMAGNETIC wave scattering from corrugated

structures constitutes an interesting problem because of
the many applications of these structures. Corrugated struc-
tures have been used for more than 20 years in radiating
systems, in telecommunications, and in radioastronomy. For
instance, they are employed to realize polarization-insensitive
shields, reflector panels, stealth structures in RCS-related
problem, and for hom antennas. Due to their practical impor-
tance, corrugated surfaces have been widely analyzed using
analytical and numerical methods. Mevertheless, published
works refer mostly to planar periodic structures [1],[2] or to
cylindrical corrugated structures [3],[4]. The situation where
the substructure of the corrugation is more complex has not
been considered.

In this paper, the problem of scattering from a perfectly
conducting cylindrical cavity-backed aperture with inner cor-
rugations has been considered. The corrugations may be, par-
tially or totally, loaded with dielectric materials. This modified
cancnical problem can be used, for instance, o control RCS of
a cylindrical cavity-backed apertures{CBA), which is the most
investigated geometry in the area of scattering [5}-[10], and to
model corrugated reflector panels. The technique in this paper
parallel those of [10], where the slit coaxial cable problem for
an obliquely incidence plane-wave excitation is addressed.

II. THEORETICAL FORMULATION
A Imner-corrugated Cavity-Boacked Aperture

The geometries analyzed in this paper are shown in Figs.
1 and 2. Consider a T M, plane wave at ¢ = ¢; illuminating
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Fig. 1. E-wave scaliering by an inner-corrugated cavity-backed aperture
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Fig. 2. E-wave scalering by an outer-cormagated cavity-hacked aperiure

a inner-corrugated cavity-backed aperture as shown in Fig. 1.
Throughout the paper, the time dependence e9** is assumed
and suppressed.

In region (I} (p > B0 < ¢ < 2m), the total field is
composed of incident, reflected and scattered fields, and it
may be represented as,

E(p¢)= 3 {i"Jalkan)e ™ + AHD (hop) }™

r (1

where ky is a wave number in free space and J,(---) and
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H(.-) are Bessel function of the first kind and Hankel
function the second kind, respectively.

The transmitted fields in region (I} (a < p < bap <
& < ) and region (I} (p < 0,0 < ¢ < 27) may also be
represented as,

Ei”]{P,Ji"]l = Z {B;.J,,{k.p:l + Cp¥ulky P}} sin p(d — o)
=1
(2)

3 D.Gulksp)e™* 3)

Fomm =00

respectively, where ¥,(-- ) is Bessel function of the second

E{ g, ¢) =

kind of order p, and g = pir /g, p=1,2,3 -, o = Fy— ez

and
O (g} Jn(k2p) ; without core
w280 =\ Jy(kag) - £29Valhap)  ; with core "
4

where d is radius of the conducting core, and &, = ko, /len.

The total electric field of mth corrugation in region (1V)
{2 <p<eom < ¢ < Gm) can be expressed as an infinite
series of radial waveguide modes with unknown coefficients,
ie

E{V=)(p,8) = ) Eq.Fo,(ksp)sinvu(d—am) (5)
Fm=1
Fu.'[kzﬂ}' = Jvm{haF]Yu.. [hc] = me{kgf,‘]yh_‘{hﬁ]

% 2 = [:J?'m _um} 3y Tm =U!ls2r"'

To determine unknown cocficients An, By , Cp, Py and
E,., it is necessary to match the boundary conditions of
tangential E- and H- field continuities at p = a and p = b,
Hence

Vg =

{Fclb}

B, = A

2 LG & b o kaR, ©

fo by e

Ekoj"{kiﬂ]
e Ez,.f:,,

om0

Z DaGylka)fp, (1

n=—oo

—— Z DG (ka0) frm,.

H-'-"-W

E,.F,_ (k) = (8)

FT(kob)e™ ™ + AL HP (kob) =
E DG (kza) My + Z EaQin

n=—og

5}

o 0

DiGi(ksa) = 3 DuGkea)lin+ D ZnRin (10)

n=—o n=—m

where
Ay =T, (ka)¥, (kb) —

L kb)Y, (ka) (1)

Zy =i, (kob)e % £ AL HE (kob)  (12)

and
1 ko= IV,
I(krﬂ} = EHE] .&.n fE.JJIElp
3 1k B, (k)
¥ fgl.hz,.l ‘-"¢5m.i':aFl,M{km}fwﬂf_.p.,_[]3]|
Bem = _"‘ai;:“ﬁu ﬂfm (14)
A _f“ P
SRS qu E "B (15)
Q{k1 ﬂj = i% ki E F fn“fgl‘. {IG}
where
] = LkaY(kd) - LYYk (7
JYE = I (ka)Yu(kib) — Ju (kb)Y (kha) (18)
Jf:,n = f&ejwainp[ﬁ_aﬂ]# (19)
f::-m = fﬂ- gjnﬁsi_ﬂ l"m'[lf.l — “mjdl]!l‘ {m}
o

B. Outer-corrugated Cavity-Backed Aperture

We treat the second problem (for outer corrugation) in a
similar way, The resultant infinite system of linear equations
is formally the same as in the previous problem. It is rewritten
for convenience as

By = %%ﬁf‘m ni:mﬂndﬂ{hulf" (21)
- aR £ nn

G = -%E—j"ﬁ' “ﬁ} ﬂ;mﬂut?;{mm# (22)
5 E% tk;ann_z_mzﬂfo

2 ko

B, F. (ksa) = o E (23)

Y Zufm.,
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F* Te(koble™ % 4 A4 HP (kyb) =

Y DG (kaa)Min+ Y ZnQin

An=-—od

(24)

i DoGh(kaa) en + i ZuRin (25)

Dy Glkea) =
and
Ikn) = %M?E TN VIR
n i}
Rlkn) = il “” b @7
M(kn) = f’ z ’“}fo*‘“ (28)
Qk,m) = %WEE .1 29)
=1 Il
2 &1k B (kab)
+ ;Elﬂ@mhﬂﬁ[hb}f*u‘ 1

It is possible to solve the simultaneous equations (9),(10) or
(24),(25) for unknown cocfficients 4, and D,. Once A, and
[, are determined, it is possible to evaluate the coefficient By,
Cp and B, using (&), (7}, (8) or (21),(22),(23) respectively.

TIL.

The new and exact formulation of TM wave scattering and
coupling problems of an infinite, concentrically loaded slot
cylinder with corrugations is investigated in this paper. The
radial mode matehing technique is used to obtain the seattered
and penetrated fields in a series form,

CONCLUSIONS
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