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SLOPE DIFFRACTION COEFFICIENT FOR  THE  HALF  PLANE  WITH  TI.40  FACE  IMPEDANCES 

V . O a n i e l e , I . b n t r o s s e t   a n d   R . Z i c h  - CESPA [ C N R I  - I s t i t u t o   E l e t t r o n i c a   T e l e c o m u n i  
c a z i o n i  - P o l i t e c n i c o   d i   T o r i n o  - 10129   Tor ino  - I t a l y  . 

S l o p e   d i f f r a c t i o n   c o r r e c t i o n  i s  known f o r   c o n v e n t i o n a l   r e f 1 e c t o r s . i . e .  re- 
f l e c t o r s   w i t h   e d g e s   h a v i n g   b o t h  face p e r f a c t l y   c o n d u c t i n g .   I n   t h i s   p a p e r   t h e  ca- 
n o n i c a l   p m b l m  of t h a   s c a t t e r i n g  f r o m  a n   h a l f   p l a n e   w i t h   t w o   d i f f e r e n t  face i m -  
p e d a n c e s   i n   p r e s e n c e  a? a n   a r b i t r a r y   i l l u m i n a t i n g   f i e l d   h a s   b e e n   p h r a s e d   i n   t e r m s  
of  a W i e n e r - H o p f   m a t r i x   e q u a t i o n .   T h i s   o n e   h a s   b e e n   s o l v e d   a n d   a n a l y t i c a l   e x p r e s -  
s i o n s   b o t h   f o r   t h e  f i rs t  o r d e r   d i f f r a c t i o n   c o e f f i c i e n t   a n d   f o r   t h e   s l o p e   d i f f r a c -  
t i o n   c o e f ? i c i e n t   a r e   d e d u c e d .  

I 

The  problem of t h e   s c a t t e r i n g   f r o m   a n   h a l f   p l a n e   w i t h   t w o  face impedances  
h a s   b e e n   w i d e l y   s t u d i e d  [ see  f o r  example  (1-41 I a n d   t h e  first o r d e r   d i f f r a c t i o n  
c o e f f i c i e n t   h a s   a l r e a d y   b e e n   o b t a i n e d . I n   o r d e r   t o   o b t a i n  a s l o p e   d i f f r a c t i o n   c o r -  
r e c t i o n   t h e   p r o b l e m   h a s   b e e n   r e p h r a s e d   i n  term o f   l i n a   r e p r e s e n t a t i o n   a n d   W i e n e r -  
H o p i   m a t r i x   e q u a t i o n .  

-T l , r  t i T  x 2 , f o r  e 0  a n d  z =O 
of tne scat ierer  i h e  f o l l o u l n g   b o u n d a r y   c o n d i t i o n s  are  as sumed :  
E =+ 2 (11  

Having   used  twice t h e   e q u i v a l e n c e   t h e o r m , f i r s t   f o r  z<O w i t h  Z = Z ,  o v e r   t h e   a l l  
p l a n e  z=O- a n d   t h e n   f o r  z>O w i t h  Z = Z  o v e r   t h e  a l l  p l a n e   z = O + , t h e   E q u i v a l e n t   l i n e  
r e p r e s e n t a t i o n  of fig.1 c a n   b e   a d o p t g d .   C o n s i d e r i n g   o n l y  mag etic2fi$)g p o t a r i z e d  
a l o n p   t h e   y - a x i s , t h e   l i n e   p a r a m e t e r s   a r e  q= T / ~ E  a n d  T = ( K  - 5 1 k J h l l e   t h e  
unknown g e n e r a l  v and  v are: 
v ~ , ~  = j ( 2  TT1 9Ts3.i tEx(Ol  ;rZl , r  Hy(OI I u ( - x l j  , (21 

v h e r e   ’ J i i i n d i c a t e s   t h e   F o u r i e r   t r a n s f o r m   w i t h   k e r n e l   e x p ( j   5 x 1   a n d   u c x )  i s  t h e  
u n i t .   s t e p   f u n c t i o n .  

blem c a n   b e   d e d u c e d   i n   t h e   f o r m :  
G( 51 pa( 51 = ys( 51 + y p [  51, (31 

w h e r e   s u f f i c e s  + and  - i n d i c a t e   q u a n t i t i e s   w h i c h  are r e g u l a r   i n   t h e   u p p e r   a n d   l o w e r  

d u c e d   g e n e r a t o r   v i a  : 
h a l f   p l a n e , r e s p e c t i v e l y   a n d  y !  i s  a n   u n k n o w n v e c t o r   r e l a t e d   t o   t h e   p r e v i o u s l y   i n t m  

F i g . 1   s h o w s  t h e  g e o r r e t r y   o f   t h e   p r o b 1 e m ; o n   t h e  l e f t  a n d   o n   t h e   r i g h t   s i d e  

+, - 

9 

From t h i s   l i n e   r e p r e s e n t a t i o n ,  a W i e n e r - H o p f   m a t r i x   f o r m u l a t i o n  of t h e   p m -  

y: -f ( V r  + I T ,  [41 

y, 1s a n  unknow v e c t o r , v h i c h  is r e l a t e d   t o   t h e   f i e l d s   t h r o u g h  s .  

y y  = j ( 2 ~ 1 ~ ” ~  3 [ ( E ~ ( o - I - E ~ ( o + I )  , ( ~ ~ ( 0 - 1  - H ~ ( O + I I  l T   XI] . ( 5 1  

p p ( g  1 i s  a known v e c t o r   g i v e n  by 

YP(< 1 = P ( 0 - I  [ z1 . 1 1T , (61  

where  Ip a r e   t h e  m o d a l   c u r r e n t s   c o n s i s t e n t   w i t h , , p r i m a r y   f i e l d  , t h a t  is t h e   f i e l d  
r a d i a t e d  by t h e   s o u r c e s   i n   t h e   g e o m e t r y   o b t a i n e d   b y   r e m o v i n g   t h e  scatterer a n d  

a s s u m i n g  2.2 o v e r   t h e  a l l  p l a n e  z=O-. T h e   e s s e n t i a l   p o i n t  i s  t h a t   t h e   m a t r i x  G 
h a s   t h e   f o r m ?  - l r  , , 1  

the 
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from  which we deduce t h a t  G can  be f a c t o r i z e d  ( 5 1  i n   t h e  form 
G( 51 = G+[E I G-(S1 . 

It f o l l o w s   t h a t  'f! can bgeas i l y   eva lua ted   as  : 

Y![ 51 = - (2 sj1-1Gi1[51 j ( 5'- 5 1 - I  G;'( 5 ' 1  Y p (  5'1 dF,' (81 

where YF i s  y ie lded  by thcdecompos i t ion  Yp= Pp + Y y  and t h e   i n t e g r a t i o n   i s  
extended  over   the  rea l   ax is   o f  5' ,with  Im5'60; 
The eva lua t i on   o f   g i ves   immed ia te l y   t he  unknown generazors v1  end v .which a l -  
l o w   t o   d e f i n e   t h e   s c a t t e r e d   f i e l d  everywhere. 

t r i b u t i o n  . To t h i s  purpose l e t  H"(x1,the pr imary  magnet ic   f ie ld .have  th is  form: 
Eq.[81 can  be  used t o   o b t a i n   b o t h   t h e  GTD term  and  the  s lope  di f f ract ion  con- 

H ~ C X I  = [ A ~ +  X ) expcj  <, XI , (91 

which  can be considered as rad iated  by a l i ne   sou rce   as  shown i n  f i g . 1  and w i t h  
5 = KO cos yo . This   ieads  to   express P: i n   t h e  form: 

Y! = f - jA  ( E+ 5,)'' + AI ( 5  - 1 Yo(- F,,I 
w i t h  T ( -  5 1 a sui table  oonstant  nst   depending on 5 . 
The evayuat ign   o f   cur ren ts  and vo l tages  a long  the  1 ine.and  consequent ly   o f   the  f ie id  
through a sadd le   po ln t   con t r i bu t i on . l eads   t he   sca t te red   f i e ld  HS t o  be  expressed 
i n   t h e   f a r   f i e l d   C o n t r i b u t i o n  by: 
H'[P,~I = D ~ P . ~ : P ~ . ~ ~ I  H'(P. F ~ + V  ; + O ~ ~ P . ~ : P ~ . ) C ~ ~  a /au 

Y Y 1111 
a s u i t a b l e   f u n c t i o n   e v a l u a t e d   f o r  

(121 

surfaces. the  s l o p e   d i f f r a c t i o n   c o n t r i b u t i o n  has " fo rmal ly "   the  same s t ruc tu re  
I n  conc lus ion , i t   tu rns   ou t   tha t  evBn i n  the  case o f  a r b i t r a r y  impudances 

ob ta ined  fo r   the   per fec t l y   conduct ing  case [G-81 and it can  be  expressed i n  terms 
of t h e   d e r i v a t i v e  of t h e   f i r s t  order c n e f f l c i e n t  0. Flg.2 shows examples  of d i f -  
f r a c t i o n   c o e f f i c i e n t s   0 , b o t h   f o r  E- and H- case. 

a sadd ie   po in t   i n teg ra t i on   bu t  a f i r s t  and a second  osder  pole  nearby  must  be 
Near the  shadow boundar ies  the  values  of  0 and 0 are already computed through 

taken  in to   account .  
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Fig. 1 . G e o m e t r y  o f  t h e  p r o b l e m   a n d   t r a n s m i s s i o n   l i n e  
r e p r e s e n t a t i o n .  
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Fig.2 . D i f f r a c t i o n   c o e f f i c i e n t s   f o r  pO=45O , Z = O  and K Q =50 
Y 1  1 0 0  


