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DIFFRACTION OF ELECTROMAGNETIC WAVE ON THE SYSTEM OF
METALLIC STRIPSIN THE STRATIFIED MEDIUM
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Abstract: Inthispaper we study diffraction of electromagnetic wave on the system of metallic stripsin
the stratified medium. The integral equation which represents this problem is solved by Galerkin's
method. To this equation the plane diffraction problem for TE-polarizated el ectromagnetic wave on the
system of metallic stripsin the stratified medium was reduced.
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I ntroduction and for mulation of the problem

Letplanes z=h, ; j =1...,n separatethe
space(x, y,z)lntodomamsD tz<h,D;:1h<z<
h, J=1..,n-1andD :z> h filled with
dlelectr|CW|thdlele(:tricindexeﬁeJ J—O ,N.Let
theideal conductiveandinfinitdly thinmetdlictrips
be placed onthemediainterfacesparald totheaxis
y and segments [ij, ,Bjk], k = 1,..., m
corresponding to the stripsonthelinez= hj )=
1,...,nintheplaney=0.

Consider plane electromagnetic fields, the
components of which do not depend on the
coordinatey. Denote the complement of M, with
respect to thewholereal axisby

M, =Y (aJk, ﬁ,k) and by N,

We need to seek a field arising under
diffraction of the plane TE-wavewith thepotential

function U(x, z) whichfallsdownfromaboveon
the stratified structure. The potential function

*Present Address:

u(x, 2) of theunknown filed should be asolution of
theHemholtzequationinevery layer
0°u  a°

u
35 t3 7 K u2) =0,

(x,2)0D, (@)

and should satisfy the conjugation conditions

u(x,h, +0) =-u(x,h, +0), u(x,h, -0) =0, xOM, ;
u(x,h, +0)—u(x,h, =0) =-t(x,h, +0),  xON,;

ou ou ou
Z(xh, +0)—=(x,h —0)=——(x,h, +0), ON, : 2
S +0 -, 0 == +0), xON, (2

u(x,h; x0)=0, xOM,;, j=1..,n-1;
u(x,h; +0)—u(x,h; -0)=0, xON;, j=1..,n-1;
a—u(x,hj +O)—a—u(x,hj -0)=0, xON;, j=1.,n-1
0z 0z

Itisconvenient to consider the solution of the
problems (1) and (2) as a sum of two functions
u;(%,2) =u (x,2) in D; completed by zerowith
respect to thewhole plane. Tojustify the Fourier
integral transformation methodwewill seek U, (X, 2)

The Teacher's College in Makkah, PO Box 2064, Makkah, Kingdom of Saudi Arabia

E-mail: a_maher69@yahoo.com



Electromagnetic wave, metallic strips, stratified medium

inthe Sobolev spacesof digtributionsof dow growth
at infinity H,*(D;). We can show that the
generalized solutions coincidewith the classical
solutionsafter the unknown distributionsarefound.

Consider the supplementary conditions
providing for uniquenessof solution of theconjugetion
problem. Let U, (¢,¢) betheFourier transform of
distributionu; (X, z) . Wewill seek asolution of the
problems(1) and (2) inthedomains D, and D, in
theclassof theoutgoing at infinity solutions, i.e., we
will assumethat therepresentations

400 +00

u; (x,2) =2inj' I (¢, c)e e ?dédc ()

—00 —00

should contain no elementary harmonics corres-
ponding tothose coming fromtheinfinity planewaves
under j =0 andj =n.Besides, weassumethat
the unknown solution u(x,z) has no addends
corresponding to eigne waves of the stratified
structure going along theaxis x (if such waves
exig).

Thejump problem

Consider theauxiliary jump problem for the
Helmholtz equationinthedratified medium[1]. We
need to seek a solution of the equation (1) in the
domain D; intheclassof theoutgoing at infinity
solutionssatifying the conditions

u(x,h; +0) —u(x,h; —0)=a;(x), O
du du E (4)
E(X'hj +0)_E(X'hj —-0)=Db, (X)H

under j =1,...,n. Assumethat conditions (4) are
fulfilledontheaxis x everywhereexcept onfinite
number of points, probably. Wewill seek functions
u; (X, 2) as solutions of the auxiliary Cauchy
problems [2] for domains D; with boundary
conditions
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u,(x,h, +0) =u’(x), aaizn(X,hn +0) = v, (%);

ou,
u;(x.h; +0) =uf(x), a—z'(x,hj +0)=v{(¥); j=1..,n-1;

ai(x, huu=0)=v.(x); (5

u;(xhj,y =0) =uj,(X), oz

bl =0 =0 (R, 22 -0 = (9.

where uj* (X), Vi (X) arethe auxiliary boundary
functions. Note that the Cauchy problemsfor the
Helmholtz equation are over-determined. The
boundary functionscannot begivenarbitrarily.

Wedenote Ah; =h,,; —h; and
w©={e>k ek <k kgt |

From (1), (2) and (4), one can obtain thefollowing.

Theorem 1. The solution of the jump
problem for the Helmholtz equation in the
stratified mediumexistsif and only if the Fourier
transforms of the auxiliary boundary functions
Vi (&), U] (&) satisfy the system of equations

V, () -iya(§U,(§) =0,

[V (©)=iy (U] ©]-e"ONVL @ -y @UL.@1=0,  (6)
OV () +iy2 (O] @)1=V, (@) +iy @ ()] =0,

Vi (§) +iyo(§U; () =0,

U@ -U @ =A@, V(&-V (E)=B@); j=L..n
Here

Var (k2 =& =¢*)U, (£,¢) =™ [V, (§) ~icU; ()],
\/E(kf—fz—cz)Uj(E,CF (7)
=e" IV (€) -igU; ()] -e" IV, (6) ~icU (6] j=1..n-1,

V21 (k§ — €2 = ¢*)U, (€,6) = —e™ [V, (§) ~icU; ()]
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Theintegral equation

We consider a solution of the diffraction
problemintheform

u(x,2) =uy(x,2) +u,(x2),

wherethefirst addend in theright hand sideisa
solution of the problem onthefdl of thewaveat the
media interfaces without metallic strips and the
second addend isanew unknown function.

The function u,(X,z) can be found as a
solution of thejump problem under thefollowing
conditions.

a,()=-T(xh,+0), b(x)= —%(x, h, +0).,

a;(x) =0, b;(x) =0; j=1...,n

Thefunction u,, (X, z) isasoasolution of the
jump problem under the following conditions

a;(x)=0, X0 (=0 ,+0); j=0,.n,

b,(x)=0; xON;,

i b;(x)=9;(x); xOM;, j =0,..,n,
where & (X) aretheauxiliary unknown functions
which can befound from the boundary conditions

onthemetalicstrips

ux, h +0)= —u(x,hj + 0), )
u(x,hj +0)=0,j=1,..,n=-1

L et ustransform equations (8) into integral
equationwith respect to thefunction 3(x) =4, (X)
onM=Y M inthefollowingway. Having solved
SLAE (6), we express the Fourier transforms of
theauxiliary boundary functions ;" (§),U | (§)in
termsof thefunctions (x) . Having substituted them
into equations (7), we seek the Fourier transforms
U, (¢,¢) of theunknown functions u;, (x,2) and

Ahmad Maher

by formula(3) we obtain the expressions of these
functions. Thus, we havethe proof of thefollowing
theorem.

Theorem 2. Thediffraction problemfor TE-
wave on the system of the metallic strips in the
stratified medium is equivalent to the integral
eguation of the form

ij J’Un(é,c)e’i“e’i“‘" dédg =-l(x,h, +0), xOM,,
2l J

©)

|

z—i}o}aui(f,c)e"“e'i‘h' déd¢=0, xOM;, j=0.n-1
with respect to the function 9(x) .
Intheparticular caseunder n=1and m, =1

(thereisonly strip a < x < 8 ontheboundary z=h
of two mediums) the equation (9) hastheform

B . +oo
=i 1 (e
O [~ &N gt =
PO [ e evi®
Lt 2O
Tl O 0@h (10

If didectricsintheupper andlower half-planes
are the same, i.e. k, = k, = k, then also
v(&) = y{ (&) . Having calculated the interior
integral by formulas(130) and (134) from[4], we
obtainthewell knownintegral equation

1 b D L e —
mr(yz)f OHPKt-x)dt=-T(x),  xO(a,p),
where H () istheHankel function.
4. TheGalerkin method
Different particular cases of the integral
equation of the 1t kind with logarithmic singularity
inthekerne (9) are solved numericaly by Galerkin

method with decompaosition of theunknown function
on every segment [a ,B;] by Chebyshev
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polynomials with weight. Note that SLAE with
respect to coefficients of decomposition approxi-
matingtheinitid integra equation (9) canbeobtained
by another method. The Galerkin method can be
applied not to the equation (9) with respect to the
function 3 (x) buttotheintegral equationwithrespect
to its Fourier transform F(&) which has been
obtained at the preceding age, e.g., for thefollowing
equation

1

0 0 eiixs df =
Yo (&) +yy (€)

[FE©

2y, (€)

e oy € dE,
Yo () +y:($)

=-i [U() xO(a, B).
Since the Bessel functions are the Fourier
transforms of the Chebyshev polynomial stogether
withthewe ght function, thesolution of thelast should
be decomposed into the sum by these functions.
From the Parseval formula, it follows that such

approach hasasaresult just thesame SLAE.
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