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Abstract—The diffraction by a terminated, semi-infinite parallel-
plate waveguide with four-layer material loading is rigorously analyzed
for the H-polarized plane wave incidence by means of the Wiener-
Hopf technique. Introducing the Fourier transform for the unknown
scattered field and applying boundary conditions in the transform
domain, the problem is formulated in terms of the simultaneous
Wiener-Hopf equations. The Wiener-Hopf equations are solved via
the factorization and decomposition procedure together with the use
of the edge condition leading to exact and approximate solutions. The
scattered field inside and outside the waveguide is evaluated by taking
the inverse Fourier transform and applying the saddle point method.
Numerical examples on the radar cross section (RCS) are presented for
various physical parameters, and the backscattering characteristics of
the waveguide are discussed.

1. INTRODUCTION

The analysis of the scattering by open-ended waveguide cavities is
an important subject in the prediction and reduction of the radar
cross section (RCS) of a target [1-4]. There are a number of
papers treating two-dimensional (2-D) and three-dimensional (3-D)
cavity diffraction problems based on high-frequency ray techniques
and numerical methods [5-11], but the solutions obtained by these
approaches may not be uniformly valid for arbitrary cavity dimensions.

Corresponding author: K. Kobayashi (kazuya@kazuya.elect.chuo-u.ac.jp).



140 Shang and Kobayashi

The Wiener-Hopf technique [12-14] is known as a powerful tool for
analyzing wave scattering and diffraction problems related to canonical
structures rigorously. There are some important contributions to
studies on the cavity RCS by Biiyiikaksoy etal. [15,16] based on
the Wiener-Hopf technique. In the previous papers [17-24], we have
also considered several 2-D cavities formed by a finite parallel-plate
waveguide, and analyzed the problem of the plane wave diffraction
rigorously using the Wiener-Hopf technique. It has been clarified
that our final results presented in [17-24] are valid for the cavity
depth greater than the incident wavelength. As a related 2-D cavity
geometry, we have subsequently considered a semi-infinite parallel-
plate waveguide with an interior planar termination, and carried out
the Wiener-Hopf analysis of the plane wave diffraction [25,26]. It is
important to note that the cavity in [25, 26] is formed by a semi-infinite
parallel-plate waveguide and hence, our solutions are uniformly valid
for arbitrary cavity dimensions.

In [25,26], we have treated the case where the planar termination
inside the waveguide is loaded with a three-layer material. As an
important generalization of our previous analysis [25,26], we have
considered in [27] a terminated, semi-infinite parallel-plate waveguide
with four-layer material loading, and analyzed the E-polarized plane
wave diffraction rigorously by using the Wiener-Hopf technique. It
should be noted that the solution obtained in [27] is uniformly valid
for arbitrary cavity dimensions. We have also verified by numerical
computation that the four-layer material loading inside the cavity leads
to better RCS reduction in comparison to the three-layer case. In
this paper, we shall consider the same waveguide geometry as in [27],
and analyze the diffraction problem for the H-polarized plane wave
incidence by means of the Wiener-Hopf technique.

Introducing the Fourier transform for the unknown scattered
field and applying boundary conditions in the transform domain,
the problem is formulated in terms of the simultaneous Wiener-
Hopf equations. The Wiener-Hopf equations are then solved via
the factorization and decomposition procedure leading to the exact
solution. It should be noted, however, that this solution is formal
since an infinite number of unknowns are contained. By using the edge
condition, an approximate solution efficient for numerical computation
is explicitly derived, which involves numerical inversion of finite-
size matrix equations. Taking the inverse Fourier transform and
using the saddle point method, a scattered field expression inside
and outside the waveguide is evaluated analytically. Representative
numerical examples on the RCS are presented, and the far field
backscattering characteristics of the waveguide are discussed in detail.
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Some comparisons with the E-polarized case [27] will also be given.
Since the method of solution employed here is similar to that in [27],
only the main results will be summarized.

The time factor is assumed to be e~*
this paper.

, and suppressed throughout

2. FORMULATION OF THE PROBLEM

The geometry of the problem is shown in Fig. 1, where the waveguide
plates are infinitely thin, perfectly conducting, and uniform in the y-
direction. The material layers I(—d; < z < —ds), II(—dy < z <
—ds), II(—ds < z < —dy), and IV (—dy < z < —d5) are characterized
by the relative permittivity /permeability (., tim) for m = 1,2, 3, and
4, respectively.

x ¢'(= H.)
o

Frsy
N
v
2

Figure 1. Geometry of the problem.
Let the total magnetic field ¢'(z, z) [= Hl(z, )] be
¢t(xaz) :qﬁi(x,z)—i—gb(a:,z), (1)

where ¢'(z, 2) is the incident field of H polarization defined by

(;Si(SC,Z) _ e—ik(msin90+zcos90)7 0< 0 < 7_[_/2’ (2)
where k [= w(poe0)'/?] is the free-space wavenumber. We shall assume
that the vacuum is slightly lossy as in k = ki + iky with 0 < ky < k1.
The total field ¢!(z, 2) satisfies the 2-D Helmholtz equation

(0%/02% 4+ 0%/02* + p(x, z)e(z, 2)k?] ¢'(z, 2) = 0, (3)
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where
i (layer I) e1(layer I)
e (layer II) e (layer II)
ulr,2) = { pslayer TH) | ez, 2) = { eyllayer ) . (4)
pa(layer TV) e4(layer IV)
1 (otherwise) 1 (otherwise)

Once the solution of (3) has been found, nonzero components of the
total electromagnetic fields are derived from

Loos i oo

iwepe(x,2) 0z wepe(x,z) Oz |

(1!, B, BY) = [¢t, (5)
It follows from the radiation condition that
¢ (r,2) =0 (ekzzcoseo) as z — —00,
=0 (e_k”) as z — 00. (6)
Let us define the Fourier transform of the scattered field as
®(z,0) = (2m) /2 /OO o(z, 2)e"dz,
a = Rea—i—ilm_;o(za—l—h). (7)

Introducing the Fourier integrals as

bie.a) = (2072 [ ola, )z, (8)
0
i ,

b_(2.0) = (2072 [ a2z, (9)
_dm+1 )

" (,0) = n) 2 [ gl e
—dm
form=1,2,3,4, (10)
0

P (z,0) = (2m)7V2 [ ¢h(x, ) dz, (11)
—ds

we can express ®(x,a) as

O(r,a) = ¥V y(v,a) + @_(z,a) for |z|>b,
= V(7 a) + @i(z,a) for || <b (12)
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by using (8)—(11), where

e—zk:c sin O

©(2m)2i(o — kcos b))

5
®i(r,0) = Y " (z,a). (14)

(13)

In view of the radiation condition, it follows that ®(z, ), ¢4 (z,a),
and ®_(z,«) are regular in —ko < 7 < kgcosby, T > —ko, and

T < kg cos By, respectively, whereas <I>§m) (z,a) for m = 1,2,3,4,5 are
entire functions. We also note that ¥ 4(x, ) is regular in 7 > —ky
except for a simple pole at a = k cos . We shall henceforth use these
conventions for indicating the regions of regularity of functions in the
complex a-plane.

Taking the Fourier transform and the Fourier integrations of (3)
and solving the resultant equations by following a procedure similar to
that developed in [27], we derive a scattered field representation in the
Fourier transform domain with the result that

Dz, o) = —Wi ) (+D, )y LeFIEF) for = +b,
coshy(z + b)
— W, (h,a) N0
(b ) ~ sinh 2vb

a coshy(z —b)
Vin(=ba) ~ sinh 2vb

1 & csn (@) nm
bn,oy o2t QCOS%@?-Fb)

__ZZ Cmn COSZ—Z(:E—I-b)

m=1n=0

for|z| < b, (15)
where v = (a® — k?)'/2 with Rev > 0, and

v, = 1/2 for n =0,
=1 forn>1, (16)
Yo = —ik for n =0,
= [(mr/Qb ] forn > 1, (17)
Iy = —iky, for n =0,

= [(nm/2b)% — ] for n > 1, (18)
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km = (tmem)Y?k for m =1,2,3,4, (19)
Cmn(@) = e Mmet (@) — et L ()
for m =1,2,3,4, (20)
cinla) = e7i%05c5, (a), (21)
cTn(a) = Con (@) = fin — iagin, (22)
C;n(a) (52/51) fin — iagin, C?Tn(a) = fon — tQgon, (23)
i () = (e3/e2) fon — iagon, Cp(Q) = fan —iogsn,  (24)
(@) = (ea/e3) fan —iagsn, c5,(@) = fan —iogam.  (25)

In (15), the prime denotes differentiation with respect to .
Equation (15) is the scattered field expression in the transform
domain. The coefficients f,7, fin, and gmy in (22)—(25) are defined in
Appendix A.

We now differentiate (15) with respect to z and set x = b+0, —b+0
in the results. Making use of the boundary conditions, we obtain that

Upla) 2 KN [ esnla) Cmn ()

JZ ()= M(a) b n:;dd [aQ + 72 Z:I a2 +T2 |’ (26)
. Vipl@) 2 & csn(@) |~ ()
JE ()=~ N(«) b noze;;en Yn [aQ + 2 2:1 a?2+T2 |’ (27)
where

U(JF) (Ot) = \I’I(—‘r) (b7 Oé) + \II/(+)( b7 Oé), (28)
Vigy(a) = iy (b,a) — Wi, (=b,a), (29)
J2 @) = J_(b,a) F J_(=b,a), (30)
J_(£b,a) = ®_(£b+0,a) — P1(£bF 0, ), (31)
M(a) = ~ve —7b coshvb, N(«a)= ’ye*'yb sinh vb. (32)

Equations (26) and (27) are the desired, simultaneous Wiener-Hopf
equations, where M (a) and N(«) are kernel functions.

3. SOLUTION OF THE WIENER-HOPF EQUATIONS

The kernel functions are factorized as [12,13]

M(a) = My(a)M_(a), N(@) = No(@N_(a),  (33)
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where
M (a)[= M_(—a)] = (cos kb)'/2e?37/4

(k + )"/ exp {(ivb/m) In[(a — ) /k]}
-exp{(iab/m) [1 — C + In(n/2kb) + im/2]}

ﬁ (14 a/iyy)eeb/nm. (34)
n=1,odd
Ny ()= N_(—a)] = (ksin kb)"/? exp(in/2)
-exp {(ivb/k) In[(a — ) /K] }
-exp {(iab/m) [1 — C + In(27/kb) + im/2]}

A+afivg [ Q+afim)e?@ ™™ (35)

n=2,even

with C(= 0.57721566 - - - ) being Euler’s constant.

We multiply both sides of (26) and (27) by M_(«) and N_(«a),
respectively, and decompose the results with the aid of the edge
condition. After some manipulations, we arrive at

A 1 Son_1anPnl
_p1/2 A N 92n—10nPnln
U(+) (O[) b M+(Oé) |: b (Oé—]{} COS 60) n:1 b (a+l'72n1)] ) (36)
B >\ Von—209n—2bnqnv
:1/2]\7 _ 2n—202n—20ngnUn
V(Jr)(a) b +(a) [b(a—kcos o) Z b(a+ivon—2)  (37)
where 0y, is defined by (A20) in Appendix A, and
ap = (bi’YQn—l)ia by, = (bifVQn—?)il? (38)
Pn = b2My (iv20-1), @ = bY2Ny (i720-2) (39)
uy = Uiy (h2n-1) vn = V(g (172n-2) (40)
12 . . .
Ao _ 2b k sin 6 cos(kbsin 6p) (41)
T M (k cos byp)
B__ 2b 2 e sin 0, sin(kbsin 6p) (42)
N T Ni(kcosbty)

Equations (36) and (37) are the exact solutions to the Wiener-Hopf
equations (26) and (27), respectively.
Taking into account the edge condition, we find that

ut ~ =22 K, (byan1) Y2, o ~ =2V K, (bygn) T2 (43)
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as n — 0o, where K, and K, are unknown constants. Approximate
expressions of (36) and (37) are derived by using (43) as

A
~ b/2M —_—
Uwpla) ~ b +@) b(a — kcosby)
) 02n—1anPrlly w,b
2n—1UnpPn
- E — K,Su(a) |, 44
- lb(Oé'f"L'VZn 1) ( )] ( )

B

~ Bhl/2
‘/'(+)(a) ~b / N—i—(a) b(Oé—kCOSH())

Vzn 252n anQnU
— — K,S,(« 45
Sttt 5]

with IV being a large positive integer, where

> Son—1(byan_1)""

Su(a) = - 46
() A (46)
2. Son_2(byan_2) 7!
Sufa) = 3 Sm-2(bron-2) (47)
e b(Oé + 2’72n—2)
The unknowns v, and v forn =1,2,3,... , N — 1 as well as K, and

K, are involved in (44) and (45), which can be determined by solving
two sets of N x N matrix equations numerically (see discussion in [27]).

4. SCATTERED FIELD

The scattered field in the real space can be derived by taking the inverse
Fourier transform of (15) according to the formula

oco+tic )
o(x,z) = (27r)_1/2/ Oz, a)e " da,
—oo+tic

—ko < ¢ < kg cosby. (48)

Substituting (15) into (48) and evaluating the resultant integral for
|z| < b with the aid of (36) and (37), the scattered field inside the
waveguide is derived as

H(z,2) = —¢'(z,2) + Z Ty cosh Ty, (2 + dy) cos E(x +b)
ot 2b

for —d; < z < —dao,
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o0
= _¢i(x7 z) + Z |:T_n€an(Z+dm+l) _ Tntne_rm"(z"'dmﬂ)]

n=0
- cOS %(w +b) for —dp < 2 < —dpmyr (m=2,3,4),
= —¢i(x, Z) + Z |:Tn_€7n(2+d5) _ T;l&-e—vn(z-&-ag)]
n=0
-cos%(a:—kb) for —ds <2 <0,

where

Tln -

T 1/2 Ijne_'Ynd5e—F1n(d1—dg)Pan(+) (z'yn)

g
for odd n,

_ <E) 1/2 I/neifynd‘%e*Fln(dl*dg)Pln‘/(Jr) (Z’)/n)

2 by,

for even n,

T- — _ (I)1/2 Une_'YndSPan(+) (Z’Yn)
2 b
for odd n (m = 2,3,4),
(E)W V€ " Prn Vi ()
2 b
for even n (m = 2,3,4),
B (E)1/2 Vn€_7nd5anU(+) (i)
2 .
for odd n (m = 2,3,4),
() O i)
2 bl
for even n (m = 2,3,4),

mn

T — _ <E)1/2 I/nef'YndsU(_i_) (’L’Yn)
2 b
_ <I)1/2 vne "V (i)
2 b
T+ _ <E)1/2 I/ne_'YndsQ4nU(+) (Z'Yn)
byn

for odd n,

for even n,

2 for odd n,

147

(49)

(51)
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1/2 vpe %5 Qu, Vi (i
= (f) /2 Une QunVip) () for even n, (54)

2 by

In (50)—(54), Pppn and Qp, for m = 1,2,3, and 4 are defined in
Appendix A.

Next we shall consider the field outside the waveguide and derive
a scattered far field for |z| > b. In view of (15), (28), (29), and (48),
an integral representation of the scattered field for x = £b is given by

oco+ic )
oaz) = Flom ™ [ 4 (b a)e *da,

—oo+1c

—ka < ¢ < kg cos by, (55)

where

Ugy(a) £ V(+)(Oé).

Wi, (£b,a) = 5 (56)
In order to evaluate (55), we express ¢(z, z) as in
¢(Z‘,Z) :¢1(I,Z)+¢2(£U,Z), (57)
where
1/2 poie Ing!
onw2) = £n) 2 [ 7w b
—®(£b, a))eTIEF Iz g (58)
oco-tic 5 )
a(o.2) = Fm) 2 [ 9 (b )T T (50)
—oo+ic
for x 2 £b with
5 ; Fikbsin 0o 1/2
B(b. 0) = k sin fpe (a+ k) (60)

(27)Y/2(k + Kk cos )Y/ 2(a — k cos Bp)

For convenience, we now introduce the cylindrical coordinates
(p1,2, 01,2) centered at the waveguide edges (z, z) = (£b,0) as follows:

x—b= pysinfy, z=prcost for0< b <m, (61)
x+b = pgsinfy, z=pycosfy for —m <y <O. (62)

n (57), ¢1(x, 2) is evaluated asymptotically for large |k| p1 2 with the
aid of the saddle point method, whereas ¢o(z, 2) is evaluated exactly
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leading to the Fresnel integral representation. Omitting the details, we
arrive at the asymptotic expression of (57) with the result that

¢(,01,2, 91,2)

, _ 6Z'(]€p1,2—371'/4)
~+ [\IlH)(ib, —kcos b 2) — ®(+b, —k cos 0172)]

(kp12)'/?

_e:Fikaine() {e—ikpl,z COS(GLQ_HO)F |:(2kp1 2)]_/2 cos 91,2 - 90:|
’ 2

- e—ikm,g 005(01'2+90)F [(2kp1 2)1/2 oS ‘91,2 + 90:| } (63)
’ 2
as kpy 2 — oo for x = £b, where F'(-) is the Fresnel integral defined by
e—im/4 oo 2

Equation (63) gives a scattered far field expression uniformly valid in
observation angles 61 2.

An alternative asymptotic expression of (55) can be derived by
using the cylindrical coordinate at the origin

x =psinf, z=pcosh for —T<O<m (65)
and applying the saddle point method. This yields,

¢(p>9) ~ ¢g(P7 9) + ¢d(p,0) (66)

as |k| p — oo for 6 not too close to =7 F 6y, where ¢4(p, ) and ¢q(p, 0)
are the geometrical optics field and the diffracted field, respectively,
which are defined by

bq(p,0) = —e~thpeos(0=00) for _ 1 < Gy < —m + 6,
=0for —m+0<0:<0, 0<6; <7 — 0y,
efQikbsineoefikpcos(9+90) for ™ — 0y < 01 <, (67)

i(kp—3m/4)

Sa(p,§) = £V (b, —k cos B)e TP 0C ,0=0. (68)

(kp)'/2

Equation (66) is a non-uniform asymptotic expression of the scattered
far field.

5. NUMERICAL RESULTS AND DISCUSSION

In this section, we shall present numerical examples of the RCS to
discuss the far field backscattering characteristics of the waveguide
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in detail. Since the cross section of the waveguide geometry under
consideration is of infinite extent, the RCS per unit length is defined

by
d
o= lim <27rp|¢ |2), (69)

p=o0 |62

where ¢ and ¢ are the incident field and the diffracted field given by
(2)and (68), respectively. For real k, (69) is simplified by using (28)
and (29) as

o= % }U(+)(—l<: cos ) £ Vi) (—kcos 9)}2 (70)

for # = 0 with A being the free-space wavelength.

Figures 2-5 show the normalized monostatic RCS o/\ as a
function of incidence angle 6y, where the values of o/\ are plotted
in decibels [dB] by computing 10log;yo/A. In order to enable
comparison between two different polarizations, we have chosen the
same parameters as in the E-polarized case analyzed in [27]. The
normalized waveguide aperture width kb and the waveguide dimension
ratio dy/2b are taken as kb = 3.14, 15.7, 31.4 and d;/2b = 1.0, 3.0,
respectively. In numerical computation, we have chosen ferrite (single-
layer material) [1] for region IV and Emerson & Cuming AN-73 (three-
layer material) [1] for regions I-IIT to form the existing four-layer
material loaded on the planar termination inside the waveguide (see
Fig. 1). The material constants for ferrite and Emerson & Cuming
AN-T3 areeq =2.4+11.25, pg = 1.6440.9 and 1 = 3.144+1410.0, p1 =
1.0, e2 = 1.6 +10.9, pue = 1.0, €3 = 1.4+140.35, us = 1.0, respectively,
where the thickness of the three layers of Emerson & Cuming AN-73
and ferrite is such that dy —dy = do—d3 = d3—ds = dy—d5 (= A). The
normalized layer thickness is chosen as kA = 0.628, 1.255. In order
to investigate the effect of four-layer loading in detail, we have also
computed the RCS for the single-layer case (region I: ferrite, regions II-
IV: vacuum) and the three-layer case (regions I-I11I: Emerson & Cuming
AN-73, region IV: vacuum). The results for no material loading
(regions I-IV: vacuum) have also been added to enable comparison.

We shall first investigate the RCS reduction characteristics by
comparing the results for empty and loaded cavities. It is seen from
Figs. 2-5 that, as in the case of E polarization [27], the monostatic
RCS exhibits fairly large values for cavities with no material loading
due to the interior irradiation, whereas the RCS is reduced for the
case of material loading inside the cavities. We also observe that this
RCS reduction is noticeable for larger cavities. By comparing the RCS
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Figure 2(a). Monostatic RCS o/A [dB] for di/2b = 1.0, kb =
3.14, kA = 0.628. cavity with no loading (regions I-IV:
vacuum). : cavity with single-layer loading (region I: ferrite,
regions II-IV: vacuum). cavity with three-layer loadmg
(regions I-IIT: Emerson & Cuming AN-73, region IV: vacuum).
cavity with four-layer loading (regions I-III: Emerson & Cuming AN—
73, region IV: ferrite).
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Figure 2(b). Monostatic RCS o/A [dB] for d;/2b = 1.0, kb =
15.7, kA = 0.628. Other particulars are the same as in Fig. 2(a).



152 Shang and Kobayashi

40

30

20

S
|

N
N

MONOSTATIC RCS (dB)
IS)

o
o

20 30 40 50 60 70 80
INCIDENCE ANGLE (deg)

Figure 2(c). Monostatic RCS o/\ [dB] for di/2b = 1.0, kb =
31.4, kA = 0.628. Other particulars are the same as in Fig. 2(a).
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Figure 3(a). Monostatic RCS o/\ [dB] for d1/2b = 3.0, kb =
3.14, kA = 0.628. Other particulars are the same as in Fig. 2(a).
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Figure 3(b). Monostatic RCS o/A [dB] for d;/2b = 3.0, kb =
15.7, kA = 0.628. Other particulars are the same as in Fig. 2(a).
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Figure 3(c). Monostatic RCS o/\ [dB] for d;1/2b = 3.0, kb =
31.4, kA = 0.628. Other particulars are the same as in Fig. 2(a).
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Figure 4(a). Monostatic RCS o/A [dB] for di/2b = 1.0, kb =
3.14, kA = 1.255. cavity with no loading (regions I-IV:
vacuum). : cavity with single-layer loading (region I: ferrite,
regions II-IV: vacuum). cavity with three-layer loadmg
(regions I-I1I: Emerson & Cuming AN-73, region IV: vacuum).
cavity with four-layer loading (regions I-III: Emerson & Cuming AN—
73, region IV: ferrite).
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Figure 4(b). Monostatic RCS o/A [dB] for di/2b = 1.0, kb =
15.7, kA = 1.255. Other particulars are the same as in Fig. 4(a).
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Monostatic RCS o/A [dB] for d;/2b = 1.0, kb =
31.4, kA = 1.255. Other particulars are the same as in Fig. 4(a).

Monostatic RCS o/A [dB] for di1/2b = 3.0, kb =
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results for material-loaded cavities between the single- and four-layer
cases, it is found that the RCS reduction is more significant in the
four-layer case. Similarly by comparing the results for the four-layer
case with those for the three-layer case, more RCS reduction is seen
in the four-layer case. From these characteristics, it is expected that
the multi-layer loading gives rise to better RCS reduction over a broad
frequency range.

Let us now make comparisons of the monostatic RCS results
between two different polarizations. As mentioned earlier, we have
analyzed the F-polarized plane wave diffraction by the same waveguide
in our previous paper [27]. Comparing the RCS curves in Figs. 2-5 for
the H polarization with those in Figs. 2-5 in [27] for the E polarization,
we see differences in all numerical examples. In particular, the
monostatic RCS for the H polarization oscillates rapidly in comparison
to the E-polarized case. This difference is due to the fact that the
effect of edge diffraction depends on the incident polarization. We also
see that, if the waveguide aperture opening is small as in kb = 3.14,
there are great differences in the RCS characteristics between the H
polarization (Figs. 2-5 in this paper) and the E polarization (Figs. 2-5
in [27]). This is because the diffraction phenomena at low frequencies
strongly depend on the incident polarization. It is also found that,
with an increase of the waveguide aperture opening, the RCS for E and
H polarizations exhibits close features to each other. Comparing the
results between kA = 0.628 and 1.255, the RCS reduction is noticeable
with an increase of the material thickness for both polarizations.

6. CONCLUSIONS

In this paper, we have rigorously analyzed the H-polarized plane wave
diffraction by a terminated, semi-infinite parallel-plate waveguide with
four-layer material loading using the Wiener-Hopf technique. Exact
and approximate solutions of the Wiener-Hopf equations have been
obtained. Explicit expressions of the scattered field inside and outside
the waveguide have been derived analytically. In particular, the field
outside the waveguide has been evaluated with the aid of the saddle
point method leading to the far field asymptotic expressions in two
different forms. It is to be noted that our final solution obtained in
this paper is valid for arbitrary cavity dimensions. We have presented
illustrative numerical examples on the monostatic RCS to discuss the
far field backscattering characteristics of the waveguide in detail. In
particular, it has been clarified that, as in the E-polarized case [27],
the four-layer loading inside the cavity results in better RCS reduction
compared with the three-layer case. Some comparisons between two
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different polarizations have also been made.

APPENDIX A. ON THE COEFFICIENTS f}, fun, AND
gmn FOR n =1,2,3,... WITH m = 1,2, 3,4 IN (22)—(25)

The coefficients f,F, fmn and gmy, forn=1,2,3,... withm =1,2,3,4
have appeared in the scattered field expression (15) (see (22)—(25)).

These are given as

qu _ %e—rm(mfdz)e*%dsspln(](ﬂ (ivn) for odd n,

2
nm ,
frn = %PW”UH) (ivn) for odd m,
nm ,
= *2—bpmnV(+) (i7n) for even n,

9mn = ;L_ZanU(—s—) (’L’Yn) for odd n,
nw .
= —2—menV(+) (iyn) for even m,
where Py, and Q,,, are defined by

(1 + p4n) [1 - 672F4n(d47d5)p3n] I‘4n54

Fin = P4an []— - €2F4”(d4_d5)P3nP4n] Yn€4 + F4n’
Qun = 6_2F4n(d4_d5)p3n — Pan

1 — e 2Panlda=ds) pg, pyy,
Py, = (1 = pan) e~ Tan(da—ds) (1 + 095,) T'3pes ’

1 — e 2Pan(da=ds) p3. 04 (€4/€3) g + d2nlan,
Qs — e~ Tanlda=ds) oo (1 — pyy) €4T 3

1 — e~ 2an(da=ds) pg,, pyy,

P2n = (1 + 61”) FQneirgn(d:;idzl)

(e3/e2) Tan + 61013

(1= pan) 0 8) (14 5y) Dy
1_ e 2lan(da=ds) p3. 4 (£4/€3) Tap + GonLan’
6_F3"(d3_d4)p2n€_r4”(d4_d5) (1—pan) e4l'sy,

Qon = 1—e2lanlda—ds) pg, 0y, (e4/e3) T3ptd2,ap,’

= mTeiFM(dl*d?)e*%df’PmVH) (i) for even n, (Al)

(A2)

(A3)

(A4)
(A5)
(A6)

(A7)

(A8)

(A9)
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(Kp + D) e Ton(d2=ds) (1 4§, )Ty, e~ Tan(ds—da)
(52/51)Kn +F2n (53/52) F2n + 51nF3n
(1 — P4n) 67F4"(d47d5) (1 + (5271) F3n64
. 1- 6_2F4n(d4_d5)p3np4n (54/53) F3n + 52n1—‘4n’
“Pon(d2mds) oy, (14 610) Ton
(82/61) T, + 01035
e~ Tanlds—da) g=Tanlda—ds) (1 _ g5 ) eal'zy,
' 1-— 6_2F4n(d4_d5)p3np4n (54/63) F3n+52nf4n’

Pln:

(A10)

a

an =

(A11)

where

Ty, + e 2 in(di—d2)
K, = TR e (A12)

(e2/e1) Ky, — oy
(e2/e1) Kp 4+ Tap’
1 — pyye—22n(d2—ds)

(Sln = 1 i plne*ZFQn(dQ*dB) s (A14)

(e3/g2) T2 — 610130

(53/52) Loy + 61013, 7

1— —2F3n(d3—d4)

By = —— P20 : (A16)
1+ p2n6—2F3n(d3—d4)

(54/53) F3n - (52n1—‘4n

Pin = (A13)

P2n = <A15)

_ , A17
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E4Vn — F4n

— A T " dn Al8
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Substituting (A2) and (A3) with m = 4 into (21) and setting o = —iyy,
we also find that

nm

Csn(—ivm) = 5 onUiy (iyn)  for odd n,
nm ,
= —%%VH) (i) for even n, (A19)
where
[pane=2un(i=5) _ p, ] (~ads

= 1 — p3ppane2Lanlda—ds) — ~ (420)
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