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WAVE DIFFRACTION ON PLANE BELT WITH DIFFERENT SURFACE IMPEDANCE

T.M. AHMEDOV
Institute of Mathematics and Mechanics of Azerbaijan NAS
AZ-1141, Baku, Azerbaijan, F.Agayev str., 9

The multiple articles [1-3] are dedicated to task solution of wave diffraction on plane belt with ideal boundary conditions (BC). BC of
Dirichlet and Neumann types correspond to ideal BC. Such BC appear when it is supposed that belt has ideal electric or magnetic
conductivity [1,4]. However, in practice the plane metallic belt has the finite conductivity. In this case the boundary is described by BC of
impedance type [4]. From mathematics point of view, BC of third kind corresponds to this boundary [5]. The article [6] is devoted to strong
problem solution of wave diffraction on belt with impedance BC. In work [6] the belt surface is described from both sides is described by the
one and the same impedance. In the given paper we’ll solve the task of E-polarized wave diffraction on the belt the surface of which is
described from both sides by the different impedance. By other words the belt is described by two-sided BC. The approach which generalizes
the work results for strong solution of this problem is proposed. The proposed method allows constructing the effective numerical algorithms
on the base of which the plane dispersion characteristics are calculated.

1. Problem definition - on belt surface to impedance BC of [4] type
Let’s the plane wave falls on plane belt of 2a dimension Oe
situated in XOZ plane in the center of coordinate system Z 4
XOY from y>0 side. oy n
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V! (x,y) = o k(xcosOrysing) _ ,=ik(xap+y 1) (1) Where 77,17, correspond to impedance on belt surface from

y >0 and y <0 sides correspondingly.
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Here ay=cos0, 0 is wave incidence angle, k = 7 is wave

number.
The complete field is presented in the form of sum of
incident and scattered fields, i.c.

e.(x,y)=V'(x,y)+e(x,») 2
The complete field should correspond to following
conditions:
- everywhere out of belt surface to Helmholtz equation

(2 O e y)=0
—+—+ e(x,y)= 3)
e
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here H((,l)(x) is Hankel function of zero order which

corresponds to bivariate Green function of free product. The
unknown functions f,(x") and f,(x') are potential densities

of simple and double layers which correspond to density
functions of surface currents and are defined as component
jump of complete field on belt surface (y=%0), i.e.

Si(x) = ET | |xka
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It is seen that perception for scattered field (6)
corresponds to Helmholtz equation and condition of radiation
on infinity (5).
Let’s obey the complete field e.(x,y) to boundary
condition (4) at y=t0 for definition of unknown currentl
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-to Meixner condition on edges [1,7]
-Scattered field e](x,y) should correspond to condition

of Sommerfeld radiation on infinity which has the form [1]

lim /7 (2 (—+lk)e (x,)=0,

r—®

)

2. Task solution

Let’s write the conception of following type [1,5] for
scattered field ¢](x,y) on the base of potential theory

(6)

| densities f;(x) and f,(x). Taking into consideration (7),

we obtain:
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Further we obtain the integral equation (IE) of following
type with taking into consideration of (2) and (6) perceptions

for definition of f;(x) and f,(x') functions:
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The equations (9) and (10) are Fredholm’s IE of second ! fi(x ) and f,( x') functions. With this aim we continue this
kind with the help of which fi(x) and £ ( x') functions will

be defined. Let’s rewrite the given IE in images of Fourier|

function by the zero out of | X |< @ . Then we can write:

Fa)= fiaghe ™ ads'= [ J(&Ne ™ de", J(&)=af,(ag),
Fe)=[ faghe ™ ds = [ F(ENe ™ dE", [(&) = f(ag), (1

7 ) & i isa' 7 [} & i isa'
fl(é)=g£Fl(a)e ida,fz(f):E[OFz(a)e “da,

where F () and F,(a) functions are images of Fourier f,(x) and f,(x) functions correspondingly and &, & parameters

are definedas & =ka, x = a(f .

Then take into consideration that spectral perception [1,7] takes place for Hankel function H é‘) (x).

H (kyJ(x=x" +y) = %ﬁo getfiay 1 da (12)

-

where that function branch 1-¢? for which Im+/1-@* >0 at |a| — oo along real line. This is followed from radiation
condition (5).
Substituting (11) and (12) in IE (9) and (10) for Fourier images we obtain IE of following type:

Z,.1.(a&) + Z, f,(a&) = 2ie %% +i [ F(@e= %da &< (13)

~ ‘ k oo .
~Z,£,(a&)+ Z,f,(a&) = 2k /1 - al e —j— j F(a)e*N1-a’da . |£<1. (14)
T —00
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Here Z,, Z, Z arameters which are defined as siné(a, + )
HP F(ﬂ)+—1 BB =4fi—a 220 S)

e(a,+p) (17
. (15) ——j Smg(a ﬂ)\/—da

Now let’s construct the algorithm of IE solution (16) and
(17). As a rule, the desired functions of current density f,(&)

7 :_l 2nn, ’ Zzzi771_772 ’ Z~1=
k m,+1, n, +1, -+,

for simplification.

Further multiplying IE (13) and (14) both sides on :
¢"”* function and integrating on variable & in limits [-1,1], and f,(&) should correspond to the condition [1,6] in order
we obtain IE of following type: to scattered field e’(x,y) will correspond to Meixner
Z condition on edges.
7E(ﬂ)+Zze(ﬂ) = 1

ez ~ 2y 2 = =
sine(a, + ) 1 = sing(a—pf) da fj(g)g v (=69 <V <2’] L2 v ==1/2,v,=1/2.
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The value selection of V', parameter from interval [-1/2,1/2]
depends on physical nature of considered task. In the given
case /;1 (&) function describes the surface current density for
which v ; parameter is equal to v, =—1/2. Let’s develop
_ fj (&) function in uniformly convergent series on Gegenbauer

polynomials of following type for correspondence with
condition (18):
v.+1/2

F&=0-22"1 5 et
n=0

o

' : v+ 2
where f/ are unknown coefficients, and C;’" "~ (&) are

Gegenbauer polynomials.
We can obtain the following perception on the base of

perception (19) for image of Fourier function ]?] (&):

2r Jn+v +1/ 2(ga) »(20)

F(a)=————— Z( )fjﬂj
J (v, 1/2)71 0 @ m)vjﬂ/z
Here J,(x) is Bessel function v, _ [(n+2v .+1)~n2vj at
n ['(n+1)

n—o.

Let’s substitute the perception for Fourier image (20) in
IE (16) and (17) and take into consideration that the
following relations [1, 8, 10] take place for values of

/uj =y ! +1/2>0 parameter.
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Then we obtain infinite system of linear algebraic
equations (ISLAE) of second kind of following type for
1
obtaining unknown f}, and £
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Note that in all these formulas the parameter
u=v+1/2>0 has the following values u;=v,+1/2=0,
/.12:V2+1/2:1.

ISLAE (22) and (23) is related to equation class, which
have investigated in detail in work [10]. There it is shown
that the reduction method is applied to solution of ISLAE

(22) and (23). This means that unknown coefficients f, f can
be defined with any accuracy. The unknown functions ~}71((5)

characterizing the surface current densities, on which the
scattered field e](x,y) (6) is defined, can be defined on

found coefficients f,/ on the base of formula (19).

3. Integral calculation in matrix elements

. . -0 .
The calculation of matrix elements d# J ,dﬂ J1 , cﬂ ;0
mn mn n
which are presented by integrals on compositions of Bessel
functions, is the main moment at ISLAE solution (22) and
(23). The subintegral function becomes quick oscillating one
that makes calculation process difficult at increase of &
parameter values. The matrix elements J 79 and d# J' can
mn mn

be calculated in analytic form on the base of table integrals
[8]- They have the following form:

n+m+1

(T (T2 (25)
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Further the integral calculation in matrix elements c'uj

mn

-1 . .
and 3"/’ can be carried out on the base of algorithms
mn

[6,12] and they have the form:
proposed in works [6,12]:

F(m +n
epl? ={1+(=1y*mIE (0,0) - R
k=0
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The val El d JE2 defined i
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Here I'(4) is gamma function.
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The corresponding integrals for index values m=n=0 have the form:
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The integrals in matrix elements bﬂ J ! are calculated on analogous procedure. Let’s write the representations for them in the
mn

form of rapid-convergent series which have the form:

1
pH =11

mn mn

={+ (D (L1
I (L1)=IHA D) +iT (1),

$m+n+2 © r(m+n+k+l)
Iy ==Y d z,
- m+n
k=0 I'( +k+2)
1) Cle+1+ " Y rge 0 00
1n _
kmn —

C(k+) D(k+m+n+3)(k+m+2)T(k+n+2)’
N-1

],1;1,;2 (L= [—ZLF(—/{ +N)['(k+ l)[‘(k + E)F(k + 2)€2k+2}/
i 4 2 2

HU(k+2)T(k=N+m+2)['(k—N+n+2)I'(k+ N+3)} +
= F(k+N+l)

11

— £ 4! 0 e+ W (k + N+1) -
S ar T(k+N+2) 2

k+m+n+3

+W(k+ )+ W (k+

K n o W4 1)— Pk +m +2)
-VYk+N+2)-VY(k+n+2)-VY(k+m+n+3)}].

51

(29)
+k+1)

(30)

(€2))

(32)
(33)

(34

(35)

(36)



T.M. AHMEDOV

The suggested approach allows forming the high-
performance computational algorithms for solution connected
with ISLAE (22), (23) on the base of which the calculations
of scattering characteristics of plane belt are carried out.

The system of connected ISLAE (22), (23) come undone
in one particular case just when the 77; and 7, impedance
values coincide with each other on low and upper surfaces of

belt. Really, parameters Z,, 7 ;» Z> take the following values
at 7, =n=n:

In that case ISLAE (22) and (23) decompose on two
independent equation with respect to xli and xj . These

equations coincide with results of work [6].

4. Physical characteristics.

The following parameters: directional diagram (DD),
diameters of complete diffusion and backscattering [1,4] are
considered in the capacity of physical values characterizing
the belt scattering properties. Let’s give the definition of
these values.

DD characterizes the scattered field behavior in long-
distance band which will be written in cylindrical coordinate
system in the following form:

es(r,p) = A(kr)g, (p)-kr =ky(x* +y*) > 0, (37)

2 i(kr—m/4
Allr) === g () =g () + $2(p)> B9

. . o
| i ir 2 . (39)
¢E((ﬂ)=—zFl(COS(p)=—Z Y x,J (£cosg)
n=0
¢ﬁ2_(¢):Zsmquz(cosg)):Ztanqo > x,fJnH(gcosqo)
n=0
=! 2 function describes DD.
¢E (@)_¢E(¢)+¢E(¢) unction describes
The diameters of complete diffusion o and
backscattering * are defined by the following [1,4]:
o L Reg 0) 2|, @D
s =—~ Re > 02 '
4a c E 1z P ((P)‘
30
20 fererririon N
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The calculation results of diameters of complete
diffusion and backscattering on the base of developed
efficient computational algorithms are presented on fig.1-4.
The dependences of inverse dispersion diameter on angle of
incidence for values of frequency parameter e=ka (Fig.1 £=5;
Fig.2 &=15) are shown on fig.1,2. On these figures the dotted
curves correspond to impedance values 7;=7,=0 that
corresponds to ideal conducting belt. The curves with dots
and dots with line dotted correspond to impedance value
m=n=1.5 and ;=1,=3.0 correspondingly. The block
curves on these figures correspond to impedance value
17;=3.0 and 7,=1.5.

30
20
10 P

_10 “'f:\\ " - .l' -.- 3 i
5 LSS ¥
-30 | -
-40

480 120 -60 - ©0 60 120 180
Fig. 3.

30

40
~180

120 -60

Fig. 4.

DD for values of angle of incidence £=60° and s=ka
(Fig.3 &=5, Fig.4-£=15) are presented on the figures 3,4. The
order of curve position on impedance values 7;, 77, is the
same as on fig.1,2.
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T.M. Ohmadov

MUXTOLIF SOTHLI IMPEDANSLA MUSTOVI LENT UZORINDO DALGALARIN DiFRAKSIYASI

Ideal sorhod sortlori ilo miistovi lentdo dalgalarin difraksiya problemina goxlu sayda moqalolor [1-3] hosr olunmusdur. ideal SS-o
Dirixle vo Neyman tipli S$ uygun galir. Belo SS-lar ideal elektrik vo ya maqnit kegiriciliyinin oldugu giiman edildiyi halda yaranir [1-4].
Ancaq praktiki olaraq miistovi metallik lentlor sonlu kegiriciliys malikdir. Bu halda ssrhadler SS impedans tipine uygundur [4]. Riyazi
ndqteyi nozorden bu sorhodo {igiincii tip SS uygundur. impedans SS-li lent iizorindo difraksiya dalgalarinin mosolasinin ciddi halline [6]
maqals hasr olunmusdur. [6] isinds lentin sothi har iki torafdon eyni impedansla gdstorilmisdir. Bu igsds biz difraksiya mosalosini miistovi E-
polyarizasiyali dalga {iclin hall edocoyik. Bu hal impedans S$-in xiisusi halidir. Bagqa sozlo lent ikitorofli SS ilo gosterilmisdir. Bu
masalonin ciddi halli figlin [6] isinin noticalerini imumilesdiren yanasma toklif olunur.

T.M. Axmenos

JIA®PAKIHMSA BOJIH HA IIJIOCKOM JIEHTE C PA3JIMYHBIM NOBEPXHOCTHBIM UMITEJIAHCOM

IIpoGineme audpakuny BOIH Ha IDIOCKOH JIEHTE C MICANbHBIMU TPaHHYHBIME yciaoBHsAMH (I'Y) IOCBSIECHE MHOTOYHCIICHHBIE CTaThH
[1-3]. UpeansubeiM 'Y cootBercTBytoT I'Y THna Jupuxie uiau Hefimana. Takue I'Y BO3HHKAIOT, KOTa MPEAIIOIaraeTcsl, YTo JEHTa UMEeT
HIEaNbHO 3JEKTPUUYECKYI0, INOO MarHUTHYIO NMPoBOoAUMOCTS [1,4]. OnHako, Ha IpaKTHKE MJIOCKAs MeTalIMyeckas JICHTa UMeeT KOHEUHYIO
MPOBOAMMOCTE. B 3TOM ciywae rpanuna omuceiBaetcs ['Y mmmenancHoro tuma [4]. C MaTeMaTHYeCKOH TOYKHM 3pEHHS JTOW T'paHHUIE
cootBercTBYeT ['Y Tperbero poaa [5]. Ctporomy pemeHnto 3agaun Judpakiyuy BOJIH Ha JICHTE ¢ uMIeqancHeME ['Y mocBsmena crates [6].
B [6] mOBEepXHOCTB JICHTHI C IBYX CTOPOH OIFCHIBACTCSI OMHUM H TE€M Xe MMIIeaHCOM. B maHHOIN paboTe MBI IIOCTPOUM pPEIICHUE 3a1a9i
T pakyy MI0ckoi E- monspiu30BaHHOI BOJHEI Ha JIEHTE, TOBEPXHOCTH KOTOPOH C JBYX CTOPOH OIMCHIBACTCS PA3TMYHBIM HMIIEAAHCOM.
WHbIMU crtoBamH, JIEHTa ONKCHIBaeTCs ABycTopoHHUMHE ['Y. JIjIs cTpororo pemeHus 3Tol 3aJa4un npeyiaraeTcs IoIxo 1, KOTOphIi 06o0maer
pe3ysbTaThl paboThI [6].
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