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Fig. 1. The ray representation of the domindff; mode of a circular
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TM Scattering from Slits in Thick
Parallel Conducting Screens

Jae W. Lee and Hyo J. Eom
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Abstract—TM-wave scattering from slits in thick parallel conduct-
ing screens is analyzed using the Fourier transform. The simultaneous
equations for the modal coefficients are formed in terms of convergent
series. Numerical computations are performed to illustrate the behavior
of transmission and scattering from the slits. High-frequency solutions for
scattering and transmission are obtained in approximate closed forms.
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Index Terms—Electromagnetic scattering.

HDW: the separation of the space around the HDW axis into the characteristic

regions (indicated by different cross hatchings) concentric on this axis. (a) The . L . .
region for rays associated with the plane homogeneous wave. (b) The regiospcattering from slits in two parallel conducting screens was studied

for rays associated with the plane homogeneous wave plus the mBge  in [1]-[4] to understand mutual coupling between two slits. The
(c) The region for rays associated with the plane homogeneous wave plusghgsent letter is a continuation of [5] where scattering from a single
mode LP,, plus the modeL Py, . slit in a thick conducting plane was considered. Using the Fourier

transform and mode matching, we obtain a solution in a convergent

for modeling the scattering of millimeter and submillimeter plang®ries form, which is numerically efficient and reduces to simple

homogeneous waves by a physical object.

forms in low- and high-frequency limits.

In region (1) (air,z > 3° = 0), a TM wave H, (z, z) is incident
on a slit (width: 2¢°; depth: d°) in a thick perfectly conduct-
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Fig. 1. Geometry of scattering from thick perfectly parallel conducting T
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whered!,, = TIL’/T/(?dl)agfn = k2—(al,)?, and k' = /k2 — (2. 0.4 without branch integral
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where 6, [Degree]
(k) = " K K~ a g) Fig. 3. Transmittal field pattern whe! — d® — B® = 2/3A,0° = ol,
(k) /,x Cn (OB (=OCKR) ¢ ©) slit depths(d®, d') = 0, ande,; = 1, (i = II, III, IV, V). (1)
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Smn is the Kronecker delta antdy = 2,v, = 1 (n = 1,2,3,-+). — e (13)
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The evaluation of °(k) in terms ofI7 (k)+I5 (k) is given in [5]. The
boundary conditions at = —3' — d' and—3'"! yield, respectively, where
< CEROK(Q
b I. nm — - - - 1 14
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k' sin k' (3 + dl — gl ¢ (16) power incident on the zeroth slit. Fig. 2 describes the behavior of
transmission coefficient as a function of slit separation when the
slit widths are relatively smaRa® = 0.1X,2a' = 0.2). It is seen

00 CESFYOKF (0 that our solutions agree well with [3]. The resonance behavior in

Tonm = / K tan k(B + dl — gL . a7 Fig. 2 can be explained by applying the transmission line model

‘ using a single TEM mode since the slits widths are small. Fig. 3

It is expedient to transform (14)-(17) into fast converging serie§h0WS the far-zone angular transmitted-field patterns when the half
ut|||z|ng the residue calculus. The boundary condition zat= slit widths (lro,al are 1.9\ and0.2\. The angular transmitted field

[ /* CK! (g)[{l*l(g)@m(“l*“m) averaged power transmitted through i slit to the time-averaged
5nm —

L R pattern fora® = 0.2) is much wider than that for® = 1.9X. When
a® = a' = 1.9, the branch-cut contributions i (k) and I°(k)
27 (bE cos€bd” — L sinebdY)a v, become negligible in high-frequency regime (i.8(k) ~ I3 (k) ~
_ o ' I (k) = I (k) = 0), thus, significantly reducing the computational
= VN (b singhd” + ey, cos€l,d") I (k) (18)  load.
Erlv m=0
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