Wave diffraction by a plane strip of finite thickness
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The practical application of conducting scresns
In radic physice and electronics imposes more rigid
requiremente on the mathematicel models. The
inoiel of an infinitesimally thin, perfectly conduct-
ing sereen, which allows a significant simplification
of the solution of the boundary-value problem,
5 used to investipete the electrodynamic properties
af various obvetaclea. Rejection of the model of
an infinitesimally (hin scesen leads to qualitalively
new difficuitias in the construction of a mathe-
matically rigorous solution of the diffraction preoblam,
even in the cage of & plane strip of finite thickness.
Correct consideration of 1lhe screen thickness and
establishment of the bounds of valdity of the
model of an infinitesimally thin scveen are particu-
larly pressing in invesllgations in the millimeter
wave range.

oo Let a piane H-polarized wave!) HY =

elix cos 8.4y 510 ¥;] pe incident at an Emgle 8, 1o
the ¥X-axis on a perfectly conducting cylindey

ol rectangular cross section (see Fig. 1). The
sldes of the reclangle aee Za , and 2o, wide. We
introduca the principal coordinate system %, ¥, wilh
orfgln ul the center of the oylinder, and the locai
coordinate systens x', ¥, with ovigine a1 the centers
of the faces.

[t iz required to determine the scatlerecd
figid. The hybrid method proposed In Hefs. | ol
? is used to solve this diffeaction problem. It
& based on the idea of the method of moments and
sewl~inversion. Firet, following Refs. 1 and %,
we reprezent the funetions juglh=, [or the sur-
face current densities Induced at the faces of the
eyiinder a5 & series over g system of base functions
with an appropriale weight factor ensuring the
gpecified behavicr of the current near the edge.
in the case under consideration, the functions
{u5}§=, , on approaching the edpges [the cornevs
of the rectangle), tend to some constant as Op®l*),
where g + 0 is the distance to the edge. lo oweder
thtat Lhie condition e satizfied, we sesk the func-
tions {p5]§= in the loeal coordinate systems x',
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where [CE ]'E- are unknown conesiants, [hg = xs."
agla=, = [=1, 1] is'the normalized coopdinate, v =
253, anrl [wglnglls=1 are certaln regular Functions
which belong to tha space of functions Lgl=1, L;
(1 = 4*3¥), inm which the scalar product is defined
with the weight factor (1 - n2}Y . In this space,

the functions {¢gingllg=, can be explained in unl-
formly converging series in the Gegenbauvcr poly-

nomials (€7 ng )] Bee:

o en)= ,‘E n e Bin),  w= 203, (23

where [vf n=, are wnkpown eosfflcients o be
detlermined .
The continuity conditions at the edpes, where

ng = =1,
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pit D =p(—=20 .. it =u(-1)= 20, (3

hold for the functions {peinegl!i=,.
The diffraction Feld can then be represented
as g superposition of the field scattered by each
5 4
E A7

of the faces of the eylinder, i.e., gp=

The scattered flelds {H%i5-, can be determined
in turn a2 8 double-layer potential with density
carresponding to the currest density functlons?

Malngli
i1 ,. @ 11 \ (4]
'tf:- = IF!(’]_,}_' Hﬁ' {"‘:V[ﬂ,_fk} * t; }dﬂa-r
4 _) af,

where §g = ygiag, fg = l{ag is the freguency

paraneter, and B ] (x) iz the zero-arder Hankel
function {the two diwensional Green's functlon of
feee spees].  We mecsll that the corrent funetion
Pging) ls egual within & conslanl, (o the z com-

ponent of the wtal magnetle Tleld a1 the sueface

at the cylinder,

[n converling the Fourier transfoems [hgts=1s
after subjacting the totel field to the Neuwmann
boundary condition at the aurface of the ecyilnder,
we obtain a coupfed syste of Jdual integral equas
tirns. o7 Wlaking use of the Weber—Schalheitlien
discanmiinulty integrals ancl partlalty inveriing the
operator of the prohlem, we cbrain an mt‘lnilu SYH-
tem of llneapy algebraie squations for [Cg }5-1 nud
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where we have introduced the notation
x = nmutian.
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Mxy iz the pamme function, J,{%) is the Beseel
functlon, and the guantitizs A. [al, BJ {al, DJ
(u]l, AI{'-::,,}, Ej[n,}, anl D]( u ware r:nalculat :?
in Refs. 1 and 2

To determine the cneffielents {EJ}] 1 In the
system of linear algebrale squations, wé use the
additinmat relatione

& -
seperringoens 3| E ok
£ ] (1} L] AN iz e m {I'Ir}
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el 34,
which foilow from the definition of the eurrent
funetione a1 the faces of the oylinder (1) and from
the conditiens at the edge (3). The guentitiss

(EMyy. . ang {1:5-}1"

ffys ) ave defined as

it
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Jafnpg the conditlon ‘that the sneegy In any
finite volume af spare 18 bounded, we can show

r;:

that t]'le unknowns ]n_1, helang 1o the clars

af numerical sequen l:es

::(r}=[u,{: el < o= ﬂ‘in“}]. (8)
L H—= =
Upan switching to the nédr unknawns th
u{[{} #Eg, whlch belang (o the class of numerical
spquances by, acnording to (8), we can prove that
the infinite syatem of linear zlgebraic egquatione

for the wunknowns {y”} 1=, is the Fredholn equa-

tHan al the second hmd with completely continu-=
aus aperatar in f, Dunsequent[y, an epproximate
_solution of this equallrm cAan he pbtained troownoy
© prespecilied accuracy by the raduction method,

1. An effective solitian af the prolilem ol
waye diffractfan by a plane stelp in the approxi-
mation of an nfialteshnally thin sereen can alfso
he alstained by Lhis approach.  Since the currcent
density of the stelp in Lhis case s delined s o
sudden change in the Hy esomperent of the wag-
netke flald, It tends v 2ermd as D{p*“}. TN
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FIG. 2

approaching the edge, where o + [ {Ref. 3, For
an infinitesimally thin steip, the current denaity
plnl is therefore expanded in a sevies:

Mo =11 —ra‘}“‘jnx,. Bali, 19}

wheve Uoin] arve the Chebyszhev polynomials af the
gecond Kind, One can ahow (hat fhe unknawn
roefficients {xy ‘f= , can he determined From the
gntution of che Infinite system of [near algelbraie
equations of 1he szennd kinr!

o= T afilxe=fe, E<OLZ. {10

whers [d[[f[ 2 ]k n= g are determined by relations
(B), in which one sets w = 1/2.

. A set of sufficiantly effective algorithms
for calculation of the meatrix elements of the ayatem
of linear erlgebraic equations (5}, the matmiz of
the additional system of four equations (1), and
for caloulation of the surface curevant densities
and diffrantion patterne of the scattered fisil was
coenstructer for numerical solution af this problam,

Fipures 1-3 show the diffraction patterna of,
the [Teldls and the surface corrent disteibutions
for nn Infinitesimally thin steip ang for a eylindor
with 8 pectangular cross section for different volues
of the freguency porameter, angle of [ncidence,
and the parameter s = a,fa,, which gives the
"thickness" of the ecylinder. The following conclu-
elona can he drawn from analysls of the resnlts
shown In these figumes.
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For normal incidence of the wave ( #;, = 0F;
Figs. 1 and 2} upan the wide faca of the rectangu-
lar cylinder with thickness 0.1 : & g 0.3, the
diffrection pattern of the field is close to that for
the plane strip. The difference is seen n that
the field amplitude in the far aopne on the side of
the flleminated face stightly sexceeds Lhe field ampii-
tude in the shedow region, and the diffraction
patiern does not vanieh in the directions ¢ = 90°
and ¢ = 270% (the side faces contribuie (o the
diffeaction pattern). However, if a whola number
of half-wavelengthe fits ucrogs the wida face of
the rectangular cylinder, the differsnce beatween
the diffraction pattertis of the plane etrip and cyl-
inder dacreases.

In the case of oblique incidence (Figs. ? and
3) ot a thin vectangular cylinder (on a plane strip
of fAnite thickness), the diffraction pattern be-
comes asymmetrie az compared o the diffraction
pattern of an Infinitesimally thin strip. The thick-
ness of the strip hes a notabla effect on the dif-
fraction pattern and on the curreant density dis-
teibution. The current amplitude on the slde face
is lerge, because the funection which gives the ecur-
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rent dengity on the faces of the cylinder is piece-
wize continuous in the ecase of diffraction of tha
H-polarized wave. In other wordse, the surface
current, by pessing the edge, in this case effec-
tively penetratas the shedow zane through the side
faces. [Mor a clearer comparison of Lthese results,
we used graphs of the current density distribu-
Ljorr on an infinitesimally thin strip = the discon-
tinuity of the field component Hy — to show the dif-
farence in the purface current deneities Induced
on the sides of the strip of finite thickness ||.|]-

fn) — pafnl|.

In many problems of microwave technology
it bacomes Tecessary to evaluate ohmic losases in
metal screena.’ These logees are proportional to
the {ntegral of tlie square «f the current at the
gurfare of the soreen, [t Il known that to evaluale
thie guantity on the baeis of tha perturbation
theory (in tlhe case of a etrong skin effect in metals)
for H polarization, we ecan use the results obitained
by rigorous wethods for infinitesimally thin, per-
fectly conducting screons.*’ COur investlgation of
the cuprent distribution along the surface of &
strip of finite thickness has shown that the use
af the model of an infinltesimally thin ecreen can
result in a significant error in determining olnic
loeBes,
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