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Plane Wave Scattering by Slots on a Ground Plane
Loaded with Semicircular Dielectric Cylinders in
Case of Obligue Incidence and Arbitrary Polarization

loannis O. Vardiambasis, John L. Tsalamendasmber, IEEE and John G. Fikioris

Abstract—Plane wave scattering by single or double slots
loaded with semicircular dielectric cylinders is investigated in the
most general case of oblique incidence and arbitrary polariza-
tion. To this end, systems of singular integral-integrodifferential
equations of the first kind are constructed and discretized on
the basis of recently developed algorithms. Several internal tests
and extensive comparisons with available results were made
in order to validate the numerical codes. Plotted results both
for the surface magnetic current densities and the radar cross
sections reveal how the scattering properties may be controlled
by changing several physical and geometrical parameters of the
structure.

I. INTRODUCTION

IELECTRIC loads are often used as convenient means @

for modifying the scattering properties of the basic s
slot scatterer. In particular, radar cross-section reduction and ‘ /
control can be achieved by proper selection of certain geo- L
metrical and physical parameters like dielectric constants, slot
dimensions, and angle of incidence. In addition, dielectrically
loaded slots in the form of finlines and microslot-lines are
widely used in microwave and millimeter-wave integrated

circuit (MMIC) technology for reasons of easy fabrication and /

|

In this paper, we investigate scattering of arbitrarily polar-
ized plane waves obliquely incident on a two-dimensional slot
(or a couple of such slots) in the presence of semicylindrical
dielectric loads (in general lossy). Figs. 1 and 2 show two basic
configurations from which a number of interesting structures (b)
may be derived as special cases, some of which are shawgl1. (a) Geometry of a slot loaded with two semicylinders. (b) The
in Fig. 3. incident plane wave.

The analysis is based on systems of singular integral-

integrOdiﬁerential equations (SlE-SlDE) of the first kind Wltr[deallng with the structure of Flg 3(C)] and [7] [dealing with

unknowns the equivalent surface magnetic current densitigs sy cture of Fig. 3(d)] are further restricted to the case
across the slot(s). These systems are discretized using receg}tl)L €0, = @
C oo, w = a.

develpped algorithms,. which lead to effic_:ient analytipal eX- Extensive comparisons with the results of [2][8] (for=
pressions for the matrix elements. Analytical expressions 3If and of [1] have been carried out to test the numerical

also derived for the scattered field. codes and, in addition, several internal tests based on energy

_Previous papers [1]-[8]are concerned with the special (apghservation principles were applied. The agreement in all
simpler) case of normal incidence, where TE and TM (to sl@t,cas \was excellent.

axis) waves decouple and can be treated separately. Referengfe further note that the novel microslotlines shown in

[1] deals with the structures of Fig. 3(a)—(b), while [2]-[6q 3(a)—(d) can be treated on the basis of a system of SIE-
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Ty may be expanded as follows:
EZ(p)\ v
(80 ,//«0) <E§XC(E)> = 2;ean(kC1p)J

(&1,441) e y <sin(n<p) [al sin(neo)+jall cos(ngo)) )
cos(n) |=jbE sin(nepo)+b cos(nepo)|

——x 1)

A TP S —
© wheree,, = 2 — §,0 is Neumann’s factork? = k¥ — 3% =
w?eipy — B2, B = kocosby, and J,(-) denotes the Bessel
function of ordern. The expressions dfa®,b9;Q = E, H)
are given in (A.1).

‘ Let [E*(p), H**'(p)]e’?* be the total field atp(z,y)
A AN in the presence of the slofw # 0). Then the field
_ o [EBe(p), H o (p)]e! = [EY(p) — E(p), H*'(p) —
Fig. 2. Geometry of two coplanar slots on an infinite perfectly COﬂdUCtIﬂHeXC(ﬁ)]GJ,BZ will be called scattered field. Define the

Qling{lf“ffﬁcgn%iﬁwjeﬁleZVf’rzgg‘;‘;{i@’;‘ﬂjc""' loads. The centers of the SI(étauivalent surface magnetic curredf(x) = E**(z,0) x
g = [#M.(z) + 2M,(z)]e’?*. Following field equivalence

c c principles, the scattered field fay > 0 (y < 0) may be
° 12w | 0 12w considered as produced by (—M) acting in the absence

7 ) i ' of the slot.
M \82 }/80 Let [JES(ﬁv ﬁ/)7 JHS(E, ﬁ/)]e—j,ﬁz and [A4E5(57 ﬁ/),
% __ MH*(p,p")]e 77 be the fields excited ap(p,¢) € (s)
(b) .

@ (s = 1,2) by the unit line-sources, = zI,6(p — f')e 7%
(I, = 1A) and M, = 2M.6(p — p)e=35% (M, = 1V),

gers 5

. e . respectively, impressed &' (p’,¢’) € (s) in the absence
0 12 & ! of the slot(w = 0). Its z components may be expanded
> 1<W] 12w as follows:
7 . .
A QH?
© O _ kzs Ia(SQJEs_l(HO(kcsR_)_HO(kcsR+))
Fig. 3. Practical configurations derivable from the structure of Fig. 1 as _E<MQ6QA4u51(HO(kCSR)—|—H0(kCSR+))>

special cases. d u . / | |
+226n< AP sin(ne)bgs sin{ne’)+ibga cos(ng')) )
=0

(
By cos(np)—jbqusin{ng’) +8qar cos(ng'))
as well; we note that for these latter problems direct tests

are not available. The propagation characteristics of all these * In(kesp)In(kesp’); Q=J, M (2)

guiding structures will be investigated in a future paper. \yhere Sop = 1, if Q = P,0 otherwise, RE —
V{z—2a")2+(y+y)? and H,(-) is the Hankel function
Il. FORMULATION of the second kind and of order. The expansion constants

%AS,B,?) are identified with(A% (s, s), B9(s,s)) specified
as in (A.2) (fors = 1), (A.3) (for s = 2 when region 3 is a

slot of width 2w (placed ay = 0,d —w < x < d+w, —00 < glielectric), and (A.4) (fors = 2 when region 3 is a perfect
z < o) Is covered by two semicircular dielectric cylinders o lectri
%ectrlc conductor).

radii «; andas (regions 1 and 2 in general lossy) surrounde
by regions 0 and 3, respectively. For simplicity of notatiorb
the cylinders are taken to be coaxial with their common axis

We begin with the single-slot structure shown in Fig. 1. Th

Formulation of the System of SIE-SIDE

displaced from the slot axis by. Using the reaction theorem twice in the way outlined in
[10] we get
A. Definitions - M, HE(5) = Sgn(y/)/[MX(X)MH}S((KO;E/)
Assuming an arbitrarily polarized plane wage™<, H™°) C

= ((3Eme 4 Eive 2 Hne 4 {inc) obliquely incident in the direc- + M. (2)MH:(2,0;p)] d (3a)
tion of Eo(ko, 90, (po) = ko(Sin 0 cos (po.’i’ + sin 8 sin <P0g + scat / , Trrs .,

cosy2) (ko = wy/Zomo) let (B, H™) = (Eo, Hy)elto™ —LE; (p)zsgn(y)/C[Mm(w) H(x,0;0")

(the exp(jwt) time-dependence has been supressed). I Mz(a:)JHj(a:,O;ﬁ’)] du (3b)

The field (E<(p), H™(p))c’"* excited atp(p,¢) € (1)
by the incident wave whenv = 0 (slot absent or short- whereC denotes the:-axis intervald — w < z < d+w. Note
circuited) will be termed excitation field. Its components that z has been most naturally eliminated from (3a) and (3b)
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as a result of thexp(—;3z) dependence adopted for bofh
and M, and theexp( jf3z) dependence foEseat, fscat,

Let (¥ = 0,2’ € C) in (3a). Using the relationjk2,
M (5 pf) = PO H(p, )]0 — we O B (o, 9)]/0y
in conjuction with the boundary conditiof/>®*(x’,0%) +
He=(',07) = H:(2/,07 )(z' € C) we end up with the
SIE

E{C'Mme;x’}
—Z{
€ . z! M Az
+§,nfn<kc >[2Bn /CMA Vo

- ki /C M, (z)[iBB} h,, (kew)

_Jﬁ (Ma})

kex)dx

+ we AN hF (kow)] da:} }

= —H™(',0)(z' € C). 4)
Here (and throughout the analysis that follows)
L) = LM30') = 5o [ M@ Holfe =) dz (6)
2wp Jo
(kc,E,N) = (kcmss?NS) (6)
whereasht stand for
hE (ko) = Jn 1 (ko) + Jpp1 (ko). 7)

The second SIDE of the problem may be constructed

as follows: re-express H2 and ® H? in (3a) and (3b) in

terms of (Y E2 Y H?) and (M E2, M H?), respectively, and use iy =

the relation jk2, H3% (z' /) = —pBI[H? (2, y")]/0x —
wesOLEE™ (@', y")]/oy's (2',y') € (s). Set(y = 0,2" €
C) and apply the boundary conditiod:e>*(z’,0%) +

He=(7',07) = H:*'(2/,07). Then, after some lengthy

algebraic manipulations, we end up with the SIDE

F(C; M., My;2)

i{

- [ L

otk }L(Mx)

d

d_

e

: / M. (), (ko )z
C

|:J/3Blwh (kex')—weBlhf(k.a'))

/ 2 My —
+ o T )(/3 B h (kex)

— jweBAN KT (ko)) +hf (k!

+ jweBByh,, (kex))] dx} }

= —H(¢/,0)

N(we)?A] il (ke)

(2’ € C). (8)

Here, in addition to (6)k = k..
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C. Solution of the System of (4) and (8)

We sete = d+wt, 2’ =d+wt’ (-1 <¢,¢ <1). In view
of the edge conditions}/, and A, are most conveniently
expanded into series of Chebyshev polynomials

M=) 2 axT (s

N=0

M, [z(t)]=(1—1%)}/2 i bnUn(t) t=(z—d)/w.
N=0

Substitution from (9) into (4) and (8) and following the dis-
cretization procedure outlined in [11]-[12] yields the following

linear algebraic system iny and by
Z [an RiFn+bn Rifn]=cm
N=0
[an B3 n+bn RN |=dar; M=0,1,2,--- 00 (10)
N=0

where
2
vy = By (w, d) = wz [ = AN
+ 2 Z enBY S3(M,n)S3(N, n)] (11a)
n=0

= Ryin(w,d)
Z[ —Jjp

- wssB;{gi(M, n)] S3(N, n)]

Tz
R]\l N —
00

o 2l

CMN [18BM S (M, n)

(11b)

R?\;N(wa d) =
= Ryin(w, d)

E{

Ryin = — Ry (w, d) (11c)

Dy
SRR MN

k2 ch [32BM S (M, n)S? (N, n)
CcS n=0
+ (we,)? 4755 (M, n) S5 (N, n)
— jwe,BAM(S2 (M, n)S%L(N,n)
+ 53 (M,n)S* (N, n))]} (11d)

énr = en(w, d)

—2) e (-

n=0

JbE sin(no) + b cos(ngo)) St(M, n)

(11e)
d]w = d]w(w, d)

—J i o
. Cn.]
kcl n=0

+ ol Cos(ngao))gi (M, n) + wei (a)) sin(neo)

+ jal! cos(nyo)) S‘}i_(M, n)]. (111)

[B(—jbE sin(nepo)

In (11)
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1) Aunv = Aunlhesw), Cun = Cun(kesw), and with s defined just after (14b). Equality of results based
Dy~ = Dyn(k2, k.sw)—originating from the sin- on the above two expressions has been observed (within 13
gular part of the kernels—assume the analytical, vesjgnificant decimals) in all cases, thus providing a first partial
efficient expressions given by [12, eq. (24), (27), (30)@3heck on the validity of the algorithm.

(see also [11]);
2) S; and 5% are shorthand symbols for Ill. DOUBLE-SLOTTED CONFIGURATIONS

Sp(M,n) = 5p(M, 1 kesw, kiead) We now consider the double-slot configuration shown in

. = €m ) _ym ) Fig. 2. The two slots are located, respectively, Gt =
=2 G Wnemlbesd) + (ZD)™ Tnmhesd)] 5 0 andCy = {da—wy < £ < dytuna).

m=0 . . . .
« P(M,m; kew); P=1,A (12a) The common axis of the two semicylinders is takgn to pe the
- - z axis of the Cartesian syste(® - xyz). In connection with
SE(M,n) = SL(M,n;kesw, kesd) this structure the following relations:
=5 (M,n—1)£ S (M,n+1) (12b) 5
where D L{Cu MY M0’} = —HE (2, 0)
1(p, g3 estw) = 10 (gp) 2 (Riesw/2) (g py 2(Festw/2) s
if p+ ¢ is even,0 otherwise, (13a) Z}"{Cu; MZ(,U)7 Mé’”);x’} — _H™(',0)
Alp, ¢ kesw) = [I(p,q) — I(p +2,9)]/2. (13b) =1
One observes that wheh= 0 (symmetrically placed fins) (' e CrUCy) (16)

Sy(N,n) = P(N,n;ke,w) (P = I,A). In such a case, ) , i ) ,
therefore, (11a)-(11f) involves single exponentially conver§@" Pe written W'th'c’]:; defined in (4) and (8). Letting
ing series only. successively’ € C; andx’ € Cs, (16) yield a 4x 4 system of
coupled SIE-SIDE with unknowns the surface current densities
D. Scattered Field MZ('"),M.QU) across thev-th slot (v = 1,2). In analogy with
. . ) (9) these densities are expanded as follows:
The z components of the scattered field(aty) in regions

g = 0 andg = 3 assume the following analytical expressions Mz(") ()] = (1 — tQ)_l/Q Z axf)TN(t)
E£q><p,sa>) o ©n dsin(ng)!T(n) N=0
(9 = Z _Hn(kcqp) AZF (a9}
Hz (pa <P) n=0 2 COS(TL(,O)S (71) Mx(’”) []}(t)] — (1 _ t2)+1/2 Z bg\l;)UN(t)
(14a) N=0
where t=(x—d,)/w,. (17)
Q(n) = 0 (n; an, by, w) Discretization of (16) yields the following linear algebraic
oo system:
_ . Q 4 oo
=w Z {CLJ\ 4B, (s, )S7(N,n) _(11) [a® _an [a@7) [
N=0 Z Ryn |,y | twelyn |, | (= | 50)
2 h0 s N=0 by by dis
— by 2 (JﬁBn (5,0)52(N,n) 00 (0 (2 (2)
cs =(21) Q =(22) Q Car
) Z wi Ry B + Ry b | [T | (18)
+ we s A9(s, ¢)S(N,n)) (14b) N=0 N N M
with s = 1 (2) if ¢ = 0 (3). The transverse components o{M,.: 0’1’;;"(?3)' FOL th(?u)elements of the 2 2 matrices
’(“‘) (RMN) (RMN)

the scattered field may be evaluated from their expressionsfifn;y = | T )(M] (t=1,2;v = 1,2) we obtain
terms of . and H... Using the large argument expression fofhe following analytical expressions.

the Hankel functionH,, (k. p) & /25 /(Tkegp)i™e ¥’ the 1) Fori = v
field expression (14a) ends up with the corresponding far field. -

By integrating the Poynting vector on the surfaces of two ( ',L(;'N)(”) = Ry v(wi, d;)  (u,v=2z,2;0=1,2)
semicylinders of infinite radius and on the (double-sided) (19a)
surface of the slot we obtain for the per unit length far-
scattered power in the radial direction the following two with Ryyy (w;, d;) given in (11a)—(11d).
alternative expressions: 2) Fori # v

=] =] 2
w €n w

P= z{;g%[uqzog er(n)|2+sqz1 ;]F(n)|2] (Riin) ™ =23 1221 0)

q=0, n= n= s=1

n=0

w i o & &
= ERe{]\Z_:O(aNCN + bNdN)} (15) + Y enBY SH(M,n)SP(N,n)| (19b)
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2T (“‘)

2
Z{M@T (1) - =)

J\lN
1 — M gv
_k_ JﬁB S (N,n)
+ wESA£4§i(N, n)]g}(M, n)} (19c)
( ) &
MN " Z{Jﬁkcs (-1) Ef\b[(l)]
s=1
1 = M &i
k— [iBBM ST (M,n)
— we,BJS (M n)]é”’(N,n)}
(19d)
i) _ v
i)™ - 13- { o
+/€2("A —2)+E2342)— E4Y0)]
+o ch JQBMSZ (MnFY(N.n)
CSn 0
+(wea)2AZSH (M, n)S® (N, n)
+ jwPe, B‘](SZ M, n) g”;
+ % (M,n)S" ( } (19e)
where

oo

n=0

X Z em[P(M,n + £+ m; kesw;)

+ (_1)nl[P(Man + £~ m; k(’ew7)]
X QN m;kesw,); P.Q=1,A (20a)
Si M,TL =57 Mvn;kcswivkcsdi
Sp(M,n) = Si( ) oy
SZ (M 7’L) Sfl:(Mvn;kcswivkcsdi)-
The constant terms in (18) are given by
&) = enlwiyd), ) = du(wid)  (20)

with éa(w;, d;), das (w;, d;) defined in (11e) and (11f).
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The per unit length far scattered power in the radial direction
is given by the following two alternative expressions:

q=0,3
=) 2
tey D7 F<’”>(n)
n=1 |v=1
=S %Re{ 3 (aVe +dy) } (22)
v=1 N=0

with s defined just after (14b) an@I')(n)
@ b( ) w,).
N W,

Equahty of results based on the above two expressions for
P, in (22) has been observed (within 13 significant decimals)
in all cases that have been worked out, thus providing an initial
check of the validity of the algorithm.

=91 (n;

IV. NUMERICAL RESULTS AND DISCUSSION

To validate our algorithms, internal as well as external tests
have been carried out as follows: 1) the energy conservation
principle (Poynting theorem)—as tested by separate evaluation
and comparison of the two sides of (15) for the single slot
and (22) for the double one—was verified to within the
round off errors (at least 13 decimals) in all cases and 2)
extensive comparisons of RCS and near- and far-field pattern
with available results from [1]-[9] have been carried out as
discussed below; once more the agreement was excellent.

For Ey = \/LL()/E()HO = Sin90,<p0 = 45° and for
several values ofly, Fig. 4—corresponding to the structure
of Fig. 1—shows the equivalent surface magnetic currents
|M.[(z — d)/w]| and |M,[(z — d)/w]| across a slot placed
between two lossy semicylinders surrounded by air.

For the structure of Fig. 3(a) and (b) and for several values
of 8y, Figs. 5 and 6 show normalized total scattering RCS
o/(2w) (Where o = 2Zysin’ 6P, /(E2 + Z2H2)) against
o and against,. = £2/go in the cases of-polarized¥F-
polarized plane waves. The curves fég = 90° (normal
incidence) are indistinguishable from those in [1, fig. 4(b)], [1,
fig. 8(a)], pointing to the excellent agreement with available
results in this special case.

For the sake of comparison with [2] and [3], we ex-
hibit (in Fig. 7) the quantities?, = «/chop 2|EC(p, @

E(p, o) and Py, = \/wkeop/2|HS (p, o) — H™(p, <p)|
versuskqa for the structure of Fig. 3(c), foqa = o = 90°
and for several values o, in the case ofE- [Fig. 7(a)]

or H-polarization [Fig. 7(b)]. The curve®y, = 90° are
again indistinguishable from those in [2, Fig. 4] and [3,
Fig. 3(b)]. [We also reproduced all curves of [2, Figs. 3-6], [3,
Figs. 2(a), 3(a), 3(b)], [5, Figs. 2—-4], and [6, Figs. 2-5] (not
shown)].

For the sake of comparison with the results of [4] in
Fig. 8 we show the near-field pattef°" (v, ) versusy in
the case of£-polarization for the structure of Fig. 3(c), for
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1.5 , 3.2 =
] a“/ s, \ Yo ] 7
1 -—--30° |t ] 7
] ! 12w | \\ _____ 50: ';'l:l : //
P N S I 2.4
1.0 - a. S ]
:! ron —~ ]
— ':: N Lo 2 ]
] ]
= 1.6 1
- N
. b ] 3
— ] - 0
0.5 1! / 1 e - —10°
:| / \,) / A I’ = ! 0.8 1 //’ - - - 300
VO N ; o 5
] v ooz 7 70
‘ ) ' [7iFig.40]
1 « == [1;Fig.4b
0.0 +— e T e 0001'83165317]290
-1.0 -0.5 0.0 0.5 1.0 @
(x=d)/w ©
@) Fig. 5. Normalized total scattering RCS of the structure of Fig. 3(a) versus
@0 for 2w = Ao, d =0, = Ay, 80 = €9, Eog =0, Hy = 1, and for
0.72 several values of).
. T
n By,
1 -— - :.‘»OD 0.2 4
:: . T 500 ]
0.54 + || I/\\ ‘‘‘‘‘‘‘ 700 ] £, Do
3! ! V. — 90 . A ] 12w ‘
Bl ' I} 4 Y\ i
- 1 ||‘ " \1 ~ ;Il \‘\ N Il\\‘l ] Yo . 782 / &,
x T ! ' I ' [ N Y E - - - 30° o
0361, | AR SRR .
3t 3z 7
] $0-1 ]
] N
0.18 S) ]
0.00 ] . ] e
-1.0 -0.5 0.0 0.5 1.0 ] =
x—d)/w 0.0 Frm TP T e
(x=d)/ A s
(b) &,

. . o o
Fig. 4. Surface magnetic current distribution fo§ = 45° and for several iy g Normalized total scattering RCS for the structure of Fig. 3(b) versus
values of#éy (structure of F!g. 12w = X, d = 0:25/\0, ay = 2o, e, for o = 90° and for several values @, in case2w = 0.1Xg, d = 0
Q= Ao, 55— 3(1 - ]30)50, g2 = 5(1 — j30)50, €3 = E&o, o = >\D EO =1 HO =0 ’

Ey = ZoHo = sinfp). ' ’ '

w0 = 90° and for several values @,. The curvedd, = 90° whole range of the angle of incidengg. In Fig. 11, related

are indistinguishable from the previous ones in [4, Fig. 8(b)° the structure of Fig. 2, a considerable reduction ph, is

(The same was observed when we reproduced all curves'ficated by properly selecting, and/orey, e,. For instance
[4, Fig. 9(b)]). the choices; = g2 = 17gg and ¢y ~ 90° reduces the RCS by

Comparing further with the results in [7] and [8], we show iPout 20 dB from the unloaded case. _
Fig. 9, corresponding to Fig. 3(d), = 90° and variabledy, Convergence of the algorithm is illustrated in Table | where

the transmission coefficients; = (2k.oc) ™1 32°°  |4T(n)|2  Values of |[M.(z = 0)|,[M,(z = 0)|,0/Xo are shown for
and tyr = (2ko00) L300 11T (n)|? versuskoa; 3T(n), several truncation size#/,, the number of basis functlon_s
Mr(n) are defined in (14b). The curve® = 90° are usedin (9). These values correspond to the structure of Fig. 1
indistinguishable from those in [8, Figs. 5(b), 5(a)]. We alshen2w = Ao, d = 0, a1 = a2 = Ao, &1 = &2 = 2e,
reproduced all curves of [7, Figs. 3-6], [8, Figs. 5, 6], and thie = €0, o = wo = 45°, By = ZyHo = 1. Obviously,
curves for the unloaded slit of [8, Figs. 7, 8]. the convergence is very rapid and stablé, = 14, for

As noted in the introduction, dielectrically loaded slots maipstance, suffices to evaluate the current densities within seven
be designed to achieve RCS reduction and control. Thegignificant decimals. For the far-field quantity o, this same
possibilities are illustrated in Figs. 10 and 11 whetg\q is accuracy is achieved for much smaller values /6f, as
shown versuseg. In Fig. 10, corresponding to the structureexpected.
of Fig. 1, one may observe the strong effect on RCS whenAs an indication of the efficiency of our algorithms in
both ¢ andey, €5 are changed. Reductions of about 6—20 dBable II, we present values of the transmission coefficient of an
from the unloaded case = 2 = g are possible over the unloaded slot for severalx values(k = k; = ko = k3 = ko),
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Fig. 7. Far field amplitude versuky« for the structure of Fig. 3(c) for Fig. 9. Transmission coefficient versiga for the structure of Fig. 3(d) for

o = 90° and for several values dfy in cases; = 2 = 3gg, @ = w, o = 90° and for several values dfy in cases; = ¢2 = 5eg, @ = w,

d=0.(@Ey=1,Hy=0.(b)Ey =0,Hy = 1. d = 0. @ Ey = 1,Hy = 0 (E-polarization). (b)Ey = 0,Hy = 1
(H -polarization).
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Ho = 0,61 = 5 = 2560, a = w = Ao, d = 0, po = 90°, for several Fig- 10. Total scattering RCS for the structure of Fig. 1 versysin case
values Ofeo. E() = H() = 1, £1 = &2, €3 = £&p, 90 = 450, 2w = Ao, d = 4.5)\0,
o) = az = JAg.

in case of normally inciden{fy = ¢o = 90°), E-polarized
(Fo = 1,H, = 0) plane waves. For this special case, exact
results are available in [9] (based on separation of variablesAn efficient analysis based on direct SIE-SIDE methods
techniques using Mathieu functions). As seen, a valu&/of has been presented for the diffraction problems connected
less than nine ensures a very high accuracy (of at least fivgh slots loaded by dielectric semicylinders in the most
significant decimals) in all cases. general case of oblique incidence of arbitrarily polarized plane

V. CONCLUSION
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Total scattering RCS for the structure of Fig. 2 vergsysin case
= Hg =1,e1 —éea, 3 = &g, g = 45°, 2w, = 0.6\g, dy = 4.7\,
2we = 0.4Ag, do = —4.8\o, a1 = as = 5.

TABLE |
CONVERGENCE OF THEALGORITHM
N, | IM,x=0) | M (x=0) a/k,
6 0.457963442 | 0.897696230 | 1.475153307
8 0.463237152 | 0.915710969 1.475390516
11 0.463909651 0.916578018 1.475390805
14 | 0.463911643 | 0.916568586 | 1.475390805
16 | 0.463911694 | 0.916568596 | 1.475390805
TABLE I

TRANSMISSION COEFFICIENT OF AN UNLOADED SLIT

Present theory (N, =9) | Exact values [9]

kot ty

0.2 0.00262388 0.00262
0.8 0.26058989 0.26059
1.0 0.54540195 0.54540
1.2 0.87692599 0.87693
1.8 1.22128800 1.22129
2.0 1.18425767 1.18426
2.4 1.08650905 1.08650
3.0 0.97201840 0.97202
34 0.92824095 0.92824
4.0 0.94243633 0.94244

APPENDIX
Let us define
Bn . ;
g hi (Kei —jwps (hD (ke
fm@:@%&ﬂA ®/J?(A<M)
Jwe; (RE (keicr)) g (kescr)

(1=0,1,2,3;p=0,1,2,3)

with h2(-) = J,(-) (f p=1orp=2); H,(:) (if p =0
or p = 3) (the prime denotes the derivative with respect to

argument).
Evaluation ofz = (a@,62)7(Q = E, H):

Hn(kcoal)ﬁi (/37 al)] -
Hn(kcoal)l:];‘)(ﬁv al)]

&)

= [Jn(keran)Ug(B, 1) —
[T (keoo)To (B, 1) —

) <5QEE0 )
oty )’

Evaluation ofzy = (A2(0,s), B(0,s))T, 71 = (A9(1, ),
BR(1,s)T;(s = 0,1),(Q = J,M): zo and z; are deter-
mined from the 4x 4 linear system

(A.1)

H, (keoar)To — Jn(ke1on)Z1

— 650J ( csal)d 651H ( csal)d (Aza)
ff°< a)zo — U, (=5, )
ffi( —,a1)d — 8,1 To(—P,cn)d  (A.2b)

whered = ’f: (IaéQJE;17 Ma(SQ]wLL;l)T
Evaluation of (A9(3,s), BY(3,5)), (A9(2,s), B2(2,s));
(s =2,3),(Q = J.M):
1) When region 3 is a dielectrics = (A9(3,s), BY(3,
sHT and z, = (A%(2,s), B2(2,5))T are determined
from the 4 x 4 linear system

H, (kesag) s — Jn(keotea)Zo

= 653Jn(l€csa2)5— (552Hn(/€c5062)cz (A3a)
_3 -2 B
Us(—pB, a2)T3 — Uy(— (B, a2) T2

= 8,30 (=B, ) — 82U (— B, an)d. (A.3b)

waves. Our numerical results reveal that RCS reduction may
be achieved by properly selecting several parameters (sucty) YWNhen region 3 is a perfect electric conductor then

as the dielectric constants, the eccentricity, and/or the angle

of incidence). To validate the numerical codes that have

been developed, internal and external tests have been applied
extensively. These same algorithms may be readily used for
treating the corresponding homogeneous problems describing

Ia/{}é Hn(/{}cgag)
dwes J(keaon)
Maké H! (kepoas)
dwpiz Jr/L(kCQCYQ) '

A9(2,2) = équ

B%(2,2) = (A.4)

dom

propagation in these same structures as will be shown in a
future paper.
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