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Scattering and Radiation from a Slitted
Parallel-Plate with Rectangular Grooves: TE-Wave

Jung Hyeong Lee and Hyo Joon EoMember, IEEE

Abstract—TE-wave scattering and radiation from a slited = k; = w./mo€1), the parallel-plate waveguide (wavenumber
parallel-plate waveguide with rectangular grooves is considered. — f, — wy/Ioez), N, slits (wavenumber= k3 = w,/foes),
The Fourier transform and the mode matching are used 0 5.4 the upper half-space (wavenumberk, = w./figes =

represent the scattered field in terms of the continuous and dis- S il 2 .
crete modes. The simultaneous equations for the discrete modal 2m/A). Assume two incident WaveEy and Ey propagating

coefficients are obtained by matching the boundary conditions. in Regions (Il) and (IV), respectively. A time-harmonic factor
The fast-converging series solutions are presented to evaluate thee—** is suppressed. In Region (1) the total field is

far-zone radiation, reflection, and transmission coefficients. The

numerical computations illustrate the angular behaviors of far- e

zone radiation in terms of the slit size, groove size, and operating EZI}(a:, z) = Z ul sin agm(z—xq+a,—1T,) sin &, (z+d)

frequency. The antenna radiation pattern of the slitted parallel- me1
plate is measured and compared with the theory. ()
Index Terms—Electromagnetic radiation, electromagnetic scat- Wherea,,, = mn[2ag, &m = \JkF — a2, 1l =—L{,---, L3,
tering. and N, = LY + L§ + 1.
In Region (ll), the total field consists of the incident and
LECTROMAGNETIC scattering from a slitted parallel- Eil(z, 2) = A=+ sin(k,,7) @)

plate waveguide is an important subject matter for its ¥ oo
leaky-wave antenna applications [1]-[4]. Recently, we hav&él(gl;7 z) = i/ [Eﬁ(c)ei"wi«’ +E~{I(C)e—i“2z](3_i<“’ d¢
investigated the radiation from finite thick slits in a parallel- 21 J oo
plate waveguide by utilizing the Fourier transform and the 3)
mode matching [5]. In this paper, we investigate TE-wave
(transverse electric to wave propagation) radiation fromvéhere0 < s < koh/m (s: integer), k., = sm/h, kys =
slitted parallel-plate waveguide with rectangular grooves. Thgks — k2., andxy = /k3 — (2. The Fourier transform of
purpose of the present paper is, in particular, to study the effdgf (x, 0) is defined asf~"_ E'(x, 0)¢'** dz, which is given
of the rectangular grooves on the antenna radiation pattey. [E(¢) + Eq (¢)].
An analytical method to solve the scattering problem is the In Region (Ill) wT; —a, < z < wTy +a,, h <z < h+ &
Fourier transform and the mode-matching technique as usediin= —L?, ---, L§, N, = L% 4+ L5 + 1), the total transmitted
[5]. Using the residue calculus, we represent the transmissidield is
reflection, and scattering coefficients in fast-convergent series -
forms which are computationally very efficient. In the next s _ . _
two sections, we present the scattered fields for the TE-wave ? (@, 2) = Zsm ask(@ +a, — wl)
and perform the numerical computations for transmission,
reflection, and scattering. A brief summary of the scattering

analysis is given in the conclusion. The notations in this PaRLhereq.. — k _ T3
3 sk = km/(2a5) and x, = / k3 — a3,
closely follow those in [5]. In Region (IV), the total field is

k=1
x [0y cos xx(z — h) + ¢ sin xx(z — 1)] (4)

Il. FIELD REPRESENTATIONS EP(z, 2) = Age/[Ther—ha(2=h=0)] (5)

Consider TE-wave scattering fronV, slits (width 2a., El(z, z) = — Agellhemths(z=h=t)] (6)
thicknesst, interval 1) and N, grooves (width2a,, depthd, . 1> - icoting(eht)

interval 7},) in a parallel-plate waveguide shown in Fig. 1. Re- Ey(z, 2) = %/_ By Qe Jd¢ (7)

gions (I)—(1V), respectively, denot®, grooves (wavenumber

_ /12 3 _ : _
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Fig. 1. Problem geometry—slitted parallel-plate with rectangular grooves.

z = 0 yields
Lg
EI—;(C) + B (Q) = Z Z umagma sin(&n.d)
l—ng m=1
% Fm(agC)eiC(”*ng) (8)
eit(_l)rn _ e—it
Fo(t) = R (mr )2 9)
The tangential electric field continuity at= A yields
Eili(C) inzh_’_EI—I(C) —ikoh
Z waa/ska/ Fk O/SC) 7<zuTS' (10)

w=—L{ k=1

The tangential electric field continuity at= h + ¢ yields

Ly oo
Z Z[b}f cos xxt + ¢ sin xxt]

w=—"L3 k=1

X g Fy(asQ)e’e s, (11)

We multiply the tangential magnetic field continuitif {* +
HI = HI) on the aperture of the groovesT} + x4 —
ag < ¢ < Ty +zg+a, z=0101=-LY ---, L) by

sin ag, (€ — x4+ a, — r1,). Then we integrate it with respect

to « from 1, + x4 — a, to 71, + x4 + a, to oObtain
> Z
LU—*LS k=

1 |
X o~ I’ZLZ‘)(G/[]’ Qs, —Td — TTg + wT@)bZ)

27r
- Z > gty
I=—1f m=1
x sin(§md) o J;in(ag, (1= r)Ty)up,

- aggrn COS(Srn )6nrn 61’1“57;

=_—A kzsagnaan(agkm)eik“(’”‘”'”Tg) (12)

where I (o, 3, ) is an integral representing a mode cou-
pling between the groove and the slit. Similarly;’,(«, )
represents a coupling mechanism between the grooves (or slits)
through Region (ll). Fig. 2 shows a graphical interpretation
of the integrals!”} (o, 3, v) and JZ! («, 7). It is expedient

to transform the integrals into rapldly converging series by
utilizing the residue calculus as

Lo g = [ S R (—aQ RO dC (13)
1 )
= 25 (1) (e, B, @ = B+7)
= ()", B, a+ B +7)
— (=D*(a, B, —a = f+7)
B oo Ko e~ ¢
Lo £, 0) = /_oo smrah (@ @ gy © 19
A i oy # B
= { B i o =5 (16)

where as shown in (17)—(19), at the bottom of the next page,
and «,, = nn/(2a), B = kv/(28), m = k3 — a2,

= v/k3 — Bi. Note that (19) is similar to (11) in [6].

From the tangential magnetic field continuity on the aperture
of the slits W7 —a; < 2 < wls + a5, 2 = hl w =

—L3, ---, L3) and the orthogonality ofin a,(x +as —vT}),
we obtain
Z Z
w——LS —
1 w y
X % pk [asv ( U)TS]bk - Xkas(spk&l;wck
S S el
I=—L¢ m=1

1
x sin(&nd) — Ip,ln(as, ag, vq + 1T, — vTS)uin

27
(CL k’rg) ko svTs )

= —AlkﬁagpaQ cos(k.sh)F, (20)
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groove
Fig. 2. Coupling phenomena between grooves and slits.
From the tangential magnetic field continuity on the aperture ¢ =w — v (25)
of the slits W1, —a; < x < Wl; +as, 2z = h+t w = -0 i/o(v — 24)eikalel g—alelv
—L?, -, L3) and the orthogonality ofin a,,(z+a, —vT,), 13(c) = ; e S dv.
H 2 - sp - a k
we obtain E2|(1+iv)? — = [(1_“@)2 _ /{i%:|

L3 o0 .

4 VU
Z Z [askaspag cos(xxt) > Fok (26)
w=—Li k=1 The R’ represents an interaction between the slits through
Region (IV). The expressions similar f9;’ are given in [5].

o Xk Si )01 0uw | DY . ) .
+a X sin(xit) i } k It is possible to solve the simultaneous systems (12), (20), and

[Z ; (21) for by, ¢, and !,
+ Z Z [askaspag Sin(th)% ok
w=—L] k=1 Ill. EVALUATION OF SCATTERED FIELDS
— asxk COS(th)ﬁpk&Uw} e By use of the residue calculus, we evaluate the total scat-
‘ tered fields atr = +oo
= 2iA2kZa5pa§Fp(—a5km)e_”k“’”TS (22) oo ‘
where E;T(ioo, z) = Z(_l)’”KU(:ka'v) Sin(kzvz)eizkmm (27)
oo . v=1
= kP (—as Q) FrasO)e T g 22
Pk /700 455 Mi(asC) (22) where 0 < v < koh/m, vi integer, k., = vn/h, kg =
2m\/ ki — a2, Vk3 — k2, and
= e =T (23) ik [0 (¢) = (=1)*ax(C)]
e K, (Q) = = (28)
roi = = {l(=DPT* + 1]13(qT3) — (—=1)*13(qTs + 2a) L e
a1 (¢) = b asnal Fr(a,O)e T (29)
~ (~1"I(qL, - 20)} (24) _Z 2.
—7_sin(|glon) ™2 sin(|g|fr) Ny rzeilele
A= - . — 27 -1 17
on(eZ ) sy e — ) smimny) 2 Y e, @7
—T (8%
B [ — 1 _n : 2
S {a sin s hllgl cos(lalom) = sinlglen)] + sin(lglan) [} h cos mh
i . K2 etlalS
— 71 sin mh]} - 27riZ(—1)"’ 2 5 (18)
= (2 = @) = B = mz—tomrmy
. [T ka2 i 27, cot(n,h) ol
- Fn - Frn, v — 7 a9 5  Unm0Ur y 1
o) = [ (0O (a0 ¢ = ZEI gk g, (19)

oo

= gy AL D] = (el - -1y
g hE = a2)(@ = a)ar =

v=1

kg — (v /h)?
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Fig. 3. Reflected, transmitted, and scattered powers versig

(as = ag = 0.167TA, Te = T, = 0.667A\, h = 0.6\, d = 0.2,
t= 0, Ty = 007/\, J\’v,q = 12, €r] = €p2 = 2.24, €Er3 = €pq4 = 1)

Lq

Z Zumagma Sln(gm )

l—_Lq m=1
X Fnl(agC)eiC(”"'qu).

a2(¢) =

(30)
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Fig. 4. Angular radiation pattern versu¥, (a, = ayq
Ts =Ty = 0.667TA\, h = 0.6\, d =0.2X1t=0,24 =0.07TX, N, = 12,
€r1 = €r2 = 2.24, €43 = €4 = 1)

The far-zone scattered field at distance= r sin 8, and
(z4+h+1t) =rcosbis

,05) =/ 2’;47 cos O, E5(—ky sin 6,)c"Fsm—/Y) (38)

Ej(r

When 4, = 1 and 4, = 0, the time-averaged incident, Therefore, the far-zone scattered power dengity, ;) is

reflected, transmitted and radiated [scattered into Region (III)}D 6,) = %Re[ E(r, 0.)H;" (r, 6,)] (39)
powers are, respectively /2
L h P, :/ ps(r, 85)rdbs (40)
S (31) o
dwpo 64 )
P,,:4h Zk;AKU(/Cm)F (32) \/;/ —ky sin 6,)|% cos? 8, db,.
wio
(41)
P = _h EEL 4+ (=1 Ko (—kgs))? In what follows, we evaluate the radiation from a slitted
dwpg parallel-plate when4; = 1 and 4, = 0. We also assume
that LY = L% = 0. We investigate the effects of the grooves
on the radiation and scattering in Fig. 3. Fig. 3 shows a
+ Z Ko o (= )| (33) variation of the scattered?;/P;;), transmitted £,/ F;;), and
v reflected £,./F;;) powers versus the number of the grooves
—a, Ng. The total radiation power seems to be less sensitive to
P, = Z Z 2wt a change inN,, indicating that the effects of the grooves
w=—I1 are not significant. This is because the groove size is small
X Re{txk[bﬁf cos(xxt) + ¢ sin(xt)] (ay < 0.5)\/,/2,7) so that the waves inside the grooves are all
x [bY sin(xxt) — ¢ cos(xxt)]*} (34) evanescent in the direction. Fig. 4 shows the effects of,

where the symbols Re- -

complex conjugate of - - -

P.+ P+ P =Py
When4; =0and A, =1

)and(...

alN k.

Py = (35)
wﬂo

P, 4wu0 Z k*, (36)

) = (37)

Zk;u|Kv(_kw'v)|2~

4w Ho

on the angular radiation pattermpi/P;1). Fig. 4 illustrates

)* denote a real part and athat an increase in the number of groove§, ) results in a
). The power conservation requiresslight decrease in both the sidelobe levels and the mainlobe

beamwidth. This means that the mainlobe beamwidths (or
sidelobe levels) withV, = 7 and12 are slightly narrower (or
lower) than those witlV, = 0. We do not show the curve with
N, = 0 since it is almost the same as the one wifh = 1.

Fig. 5 shows the effects of;/\ ( zq4: displacement of the
centers of groove and slit) on the reflected, transmitted, and
the total scattered powers. Whep/ X is between 0.06-0.12,
the total scattered power becomes maximum vitiFP;; and
P,/P; < —10 dB. Our computational experience indicates
that all propagation modes associated with the grooves and
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IV. CONCLUSION

The TE-wave radiation from a slitted parallel-plate with
rectangular grooves is analyzed. The numerically efficient
series solution is obtained to evaluate the radiation pattern
and the reflection coefficient. The effects of the grooves on the
radiation pattern are discussed. The measured angular pattern

Bl 4 | | near the mainlobe agrees with the theoretical prediction.
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