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I t is well-known thRt m ~ny di ffr action prob l ems such 
AS step discontinuities in wRveguides, some type s of di ffrac 
t ional lattices , r adiat i on fr om open- ended w~veguides etc. 
are r educed to the modified Wiener-Hopf equation: 

A("()<P.(d.)+B(c()~.(-·,()+Il'_(d.)=t("'»Im.,«S-,hv ( I ) 

or system of equations of similar t ype. 
Here P ... (.,() . '1'_ (0<) - are unkn own functions . Th ey ar e 

Fourier transforms of the scattered field components. Func 
t i ons with ± are ana lytic in upper half-pl ane Imo(. > - 8 and 
l ower half-plane r", oj. < J" respectively. Eq. ( I ) is un
solvable in closed form. Usually numeri cAl method for ( I ) 
based on the behaviour of coefficients A (ot..), &(oi.) on the com
plex pl ane reduce ( I ) to an infinite s ystem cf line~r alge
bI' aic equations ( s .l.a.e. ) / I,2 / . Then the coefficients 
of s.l.a.e. consist of t he infinite products ( clo sed confi
gurations) or contain singular Cauchy t ype integrals ( open 
conf igurations ) . That is why these approaches appe ar to be 
not very effective especially when mUlt i wave regimes or reso
nance regimes are considered. 

In this report the alternative approach is suggested. 
I t is based on the f act , t hat eq. ( I ) is equvalent to the 
singul~r integral equation which can be solved with the mcdi
fied discrete vor tex method . The effic iency of this approach 
does not depend on the forms of A (<<), B(oi.) • This appro ~ch 
can be also used to solve systems of similar equations. I t 
allows one to make the rigor ous estimation of convergence r a
te of numerical solution to exact one using the results of 
/ 3,4/. 

fl1ter simple transform at ions eq . ( I ) can be reduced to 
singu1 ax i ntegral equation ( or system o f similar equations ) 
/ 2 / 00 "" 

.i ~ F(,) d:r + 1. ~ M(i;r)F(i)d,= ;r(t).-oo<t<oo ( 2 ) 
11" _00 <:-t ." _ ~ 

where M (-t:i:") is a I'egul ar part. 
In accordance with / 3 / eq. ( 2 ) can he transformed 

to the following .~ 
'iT .. 

C + .l. ~ q",)cia U'dlP+~ r Q('f.,'f)f!'f)oIf~ G-('f) ( 3 ) ~K 3T I ._, 2 I 2.?p 
-" - .fT' 

where f ('1')= f (t~-ll)' Q (If., 'f) ~ M (ttf', tt'1 )( pt{~) . 
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To 

C ~ 21Tr~ Hf)t} ~ jf, C-('f.)" a(t~'I1) ,- fi"'; 't'.~ 1T 
-or 

The optimal quadr ature is used to Rpprox i mate t he sin
gular integral in ( 3 ): 

" I ('!"j) = 2::;-iZ-.: f ('1' ; ) d:* ('1\_-2,£oj) ( 4 ) 
,":-11. 

where t, = 2'-i . ~ "' ,= 2n-j '-" .. ... -<I> . "' .'- "' .' 
.. 2i1 + 1 11 , TOJ 2nt! ') 1 ' 1. Ie.. , jC-J Il.:j' 

00 

Z~ i, ... ,vt, j~ 0,1, . . ,"'-, 1('1',) ~2\r \ tl'f)Ltj- 'f~, d'f. 
- ')0;1 £. 

As a resul t eq. ( 3 ) can be approximated by s .1. 8 . e. 
n. .. 

fcn.+ -f.;;1."[ f" ('f;)l' ct~\'I'd'i).Q('f'j'f;)J·G-('I")< 5 ) ,.-n. 2 J 

where tOh. is t he regulari z ation parameter. 
The dominBtion of diagonal coeffi cients in ( 5 ) pro

v ides t he stability of computer cal culations and r aises the 
ve l oci ty of computati ons . The convergence r ate C8D be e sti -
mated from the express~on: . ~ . l" 

m,.L\.-' If('f;)-f,,('/':ll ~ 21T(3+i.t.h.)M.·l\~)'" ( 6) 

if r-derivation of t-\ (t,.) , ~i·t) satisfy the Holder 
condi tiOD of degree V . Here M Q is Ho l der's constant, 
is the exa.ct solution. For diffraction problems M 11: ;1:) , ~(/:) 
are i nfi nitely differentiable with intr oduction of slight 
damping in whole space. Therefore our approach eppeares to 
be effective especially when other met hod are inconvenient. 

To i llustrate the numerical method let us cons ider 
diffraction of a plane wave on the structure as shoWD in 
Fig. I. Such a geometry is a key on e for a l ot of real con
figurati ons arising in som? microwave devices. For this ge o
metry the func:ions M It;,,) and 'J- It) h ove t he f orm / 5,6/, 

'" ('t,r) ~ -I: l2.j)(t) (>-(t) rA("l)>' (rll1, J) (-t)= h Olt) 
_ --. _ A 'ltt)' 

~(t) ~ -,I¢, k~e),(t)'T(£,e) r(t):.\,(t-)(Adi)+:JE - ?#1 1~)r 

T(t,e)= 2€.ce'>O (UC»-fJ ,jt_';""'e)'1, >-.(-t) = Jt '_K1., 

~, = Ji2
_k 2£ , Ke C),(i),>.,(tl] ~o,Ih1.r),(t),}.dt))~o, 

F (t\ is t he asymmetric part of the Fourier transformation 
of ~ - component of the electric f i eld. In numerical cal cu
l ations we assume the ampl itude of the magneti c field of the 
incident wave to be equal to unity, £ =2 1 g:. 11/6 "' K'::=:1 

The results of the numerical analysis of ( 5 ) are 
shown in Fig .2. There ere an excellent agreement be t ween 

- 226-



O. 12 ~ 
O. 1 

o 08 

o 0' 

o 04 

o 02 L 

o 

Fig.I. 

-

• 

I 
t 

~--''------'' 

Fig . 2. 

I-ReFn.(ti) torrt~H. 
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x - Re Fn (ti) for n= 16, 

~._ ImF~ (t,)forn..= 1b 



the results for 11: 16 IUld "- :"9 especi.ally it t; :t9('i';/2} ruce 
Dot near t he pOints where M Ii I~ )' 3 (t) have the integr-3ble 
singulari ties or are equal to zero: t:: K and -t = K>U: .. • Near 
these pOints the agreement is not so good , Dev~rtheless it 
is quite satisfactory. For l arge -to K2 t=(I..(-t,)andlrTt.I·i'L(t~) ..... ·t; ':-~~ 
where v,,::s (Vrr) a.n.c.(.t.'l ,~t. I t is in ecco'rdance wi t h the stl'ltic ~ 
theory / 5,6 I . The time of numerical calculation f or ODe 
case with ~ ::: 4S is equal to about one minute on the computer 
IBM PC 386/387 . 

The ~bove exampl e shows a high stability of numerical 
calcUl ations whi ch us tc t~ke l arge ~ to Rchieve required 
accuracy of the results and at the BRIDe time to reduce the 
error s caused by the computer rounding- of!. A possibility t o 
present the coefficients o f the s .l. B. e . in terms of e l emen
tery functions also makes our appro ach advBntageous . The nu
meric ~l algorithm is rathe simple, univer sa l and mathem ati
ca lly proved . I t is especiallu convenient when the scatte
red field in the problems under consideration contain a con
tinuous spectrum, because the tied in f ar region are propor
tional to f' n("'ol,which could be f ound directly from sys tem 
( 5 ) . " 

Note , that this method can be used to solve nonstatio
nary aDd nonl inear problems , as well RS the diffraction pro
blems with complicated geometries. 
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