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Scat ter ing cha rac t e r i s t i c s  have been de termined from semiinfini te d ie lec t r ic  nonuniformity in a 
waveguide. 

The e lec t rodynamic  cha rac t e r i s t i c s  of waveguide nonuniformities at  UHF are  ve ry  important  in various 
applications [1, 2]. One can de te rmine  the fluctuating e lect romagnet ic  field at t empera tu re - type  t ransducers  
by r e f e r e n c e  to s imple r  cases .  

i .  S y m m e t r i c a l  N o n u n i f o r m i t y  in a R e c t a n g u l a r  G u i d e :  F o r m u l a t i o n  

A rectangular guide has a wave propagating from the side z < 0, which is of Hp0 type. This encounters a 
semiinfinite layered insulator, which results in a system of diffracted waves, whose amplitudes have to be de- 
termined. We envisage the case where the insulating plate of dielectric constant ~I is placed symmetrically 
with respect to the axis of the waveguide (Fig. la). Then the symmetry of the structure and of the excit!ng field 
allow us to divide the problem into the two separate sections, in accordance with the value of p (even or odd). 
If p is even (p = 21,1 = 1, 2,3 .... ), an electrical wall placed in the plane x = 0 produces no change in the field 
pattern. The problem therefore reduces to one previously examined [3]. If p is odd (p = 21-1,1 = 1,2,  3,...), 
the problem is equivalent to that of the structure of Fig. lb. in that case, a magnetic wall is placed in the plane 
x = 0 .  

Consider the case of p odd. The solution is sought by means of a modified residue technique, for which 
purpose we use an auxiliary structure, whose geometry is the same as that of the nonuniformity, but which has 
an infinitely thin ideally conducting metal strip of width ~ at the boundary (Fig. lb). If A -- 0, we get the initial 
geometry of the optical obstacle. 

In regions A, B, C, andD, we determine the Ey component on the electric field in the form 

E y  

A t cos ~ (2/2a-- 1) x exp (ihtaz) H- Z A~l cos ~ (2m2a~ 1)xexp(--ih~z)' 
m ~ l  

z~0 ,  

Z cos ~ ( 2 2 f  1) x [Bm~ exp (ihmbz) + 13m~ exp (--ihmbz)] , O.~z~A, 
O<x~b, 

Z si,-  ( x -  b)Ic. , exv (ihmcz) + exp ( -  ihmcz)], 
m ~ l  

• ]  Dr~t ~.~ exp (ih~z), z~A, 
r n = l  
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Fig.  1. Semiinfini te  laminated d ie lec t r ic  inhomo- 
genei ty  in a r ec t angu la r  waveguide: a) t es t  s t r u c -  
ture;  b) s t ruc tu re  with additional geome t ry .  

where  

sin gm~ c cos gin1 x, 0 ~ x ~ b, 
cos grnl b 

sin g,.~ ( a "  x), b ~ x ~ a, 

gin, Vk' -~- E l -  rnd~  ~ m 2  

and the wave n u m b e r  hmd is defined by 

gllg glb tg gsc - -  gs =0.  

We link up the tangential  components  of the e l ec t romagne t i c  field at the boundar ies  z = 0 and z = A, el iminate 
the coeff ic ients  Bm/ ,  Bml ,  Cm/, and Cmt ,  e l imina te  the coeff ic ients ,  and then put A ~ 0 to get  

Rml hm a + rq b hma - -  rqb hind ~ hqb hla - -  rqb ~- hla -1- rqb ' 

where 

1 Z(Rmz _~ Pqb + Tm Z _ _  
h ~  + rqb 

1 0 _~_ - qc - 

Tqb . ~ A t -ht a hza-- 
hmd 21- hqb -~ Fq5 rqb ' 

~qc } = A l (  1 + Pqc _~ 
h~d - -  hq~ h~ - -  rq~ h~ + rq~ }'  

r a i l  

q = l ,  2, 3, 

hind -[- hqc -hta --~ rqc hz~ - -  rqc ' 

(1) 

R ~  = A..,cos n ( 2 m - -  l)b ' Tmz = D~zs ingmc,  
2a 

* [ ] rqb--hqb 2rqb r~= V k'- ~(2q-1) 2b , Pqb-- rqb_]_hq b ' Tq b- Fqb~hq b ' 

2, Pqc rq c_I_ hq c rqo = k 2 -  = - '  ~q~ = rq~ + hq~ 

(2) 
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2.  S y m m e t r i c a l  N o n u n i f o r m i t y  in a C y l i n d r i c a l  

W a v e g u i d e :  F o r m u l a t i o n  

The cyl indr ical  waveguide has a wave propagating from z < 0, which is of Hop type, and which encounters  
an obstacle in the form of semiinfinite piecewise-inhomogeneous dielectr ic  inserts  (Fig. 2a). We have to de- 
termine the field ar is ing by scat ter ing of the incident wave at this nonuaiformity.  

The above method is employed. We introduce an auxiliary s t ruc ture ,  which is an infinitely thin ideally 
conducting ring of width/x and radius b. This ring is coaxial with the waveguide (Fig. 2b). The component  Ecp 
of the e lec t romagnet ic  field is put as 

0 . A  0 �9 ( ~Prlexp('h~ Z mp Jli~r) exp(--ih~ z~O. Ap J1 ', a / 
t r i ~ l  

J~ , -~- r [B~ (ih,~ z) +/3~peXp (--ih~ O~r.~%0 

~ Z ~  [C O exp (ih ~ z) + ~o exp (-- ih  ~ z)], O~z~.~A, 
rn p m c  rnp m e  - -.~ r ~ a ,  ' 

m = l  

z )A ,  
~ Z  e Do  exp (ih~e z), 

r n : l  

whe re 

h o  = k s -  , h ~ b =  k2el  - 2, 

c k2ge - -  ' 

with ~m the zeros  of dJ0(x)/dx , ~m the roots of 

',Q~a) N'(~ b) -- J(~mb) Nl(~''l c \ c . 

and Ymthe roots of 

( V m = ] /  e h o k2ez__ Ym + k2b 2 ( e l - e z )  ' rod:  

F'=J'(5"b)--N'(5"b)J~(~a)/N~("a) 'c ] = 0 ;  1, 

Ze:'l(~mr)--Nl(~r)Jl(~a)/Nl(~a) , 

Z d = 
I 

t 

b ~ r ~ a .  

We link up the field components at the boundaries of the charac te r i s t i c  i r r egu la r  regions and proceed as in the 
f i r s t  case to get 

~ { ( 1 f~b ) T o r = AO ( l ~qb ) 
R~p h o § 4- ho __f~b § mp h o __h o P h ~ --f2~b § o , , 

m a  m a  m d  qb pa  hpa ~ "  ~Qqb 
m ~  1 
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F i g .  2. S e m i i n f i n i t e  p i e c e w i s e - i n h o m o g e n e o u s  
d i e l e c t r i c  in a c y l i n d r i c a l  w a ve gu ide :  a) t e s t  
s t r u c t u r e ;  b) s t r u c t u r e  wi th  a d d i t i o n a l  g e o m -  
e t r y .  

.,p I,o = A o~,  + to,, %, 
m d  ~ " 'qb pa  , 

h . L +  + h~o , r , .~ ho : - h 6  A O o + ho , 
r r~  1 

(3) 

~, h L . a ~ o  + hm~-~o.~o + t o  ~  . = A O  hO , + ~ o ' 
ttl~t 

w h e r e  

D,, o J1 b , q . . . . .  
\ c  / 

qb 2t2@ 
~ @ =  k ~ -  2, ~ @ =  p_@+h0 , % b =  ~ @ + h o , ~ -  b,  

qh 

qc 2p-qc 
- - .  

p-q: = k~ _ , t3~: - p-q: + hO , %~ = p-q: + hqo 
qc 

(4) 

C o n s i d e r  the  fo l lowing  fou r  i n t e g r a l s  

tW -7- rqb 
r 

3 .  S o l u t i o n  o f  t h e  S y s t e m  o f  L i n e a r  A l g e b r a i c  E q u a t i o n s  

S y s t e m s  (1) and (3) a r e  s i m i l a r  a p a r t  f r om the s y m b o l s  used ,  so  they  can  be s o l v e d  f o r  e i t h e r  c a s e .  

The f o l l o w i n g  c a s e s  a r e  of p a r t i c u l a r  p r a c t i c a l  i m p o r t a a c e :  a d i e l e c t r i c  s t e p  l i e s  a t  the wa l l  of  the w a v e -  
gu ide  (e~ = 1) o r  the n o n u n i f o r m i t y  does  not  touch the wa l l  (e z = 1); we c o n s i d e r  one of t h e s e .  Le t  e 2 = 1 (the 
s o l u t i o n  f o r  81 = 1 is  a n a l o g o u s ) .  If e 2 = 1, then Pmc b e c o m e s  z e r o ,  while  r m c  = 1. 

o v e r  the c l o s e d  c o n t o u r  C: 

(w) f(w) ,~d~, 1 ;' ~(w) 
Pqb w - -  Fq~ + Tq~, w--+ hq~] " --2hi ~]" - - - - : - -  --}- t~qe 

# 

f(w) ~dw; 1 ~ f(w) 
I ~ I. r_~_~ + ~ f(w___L) + ~ ~ ~_-7<~oe~,; 2~i J t w ~ Fqb w .q- Fq~ w - -  hqb| 

C C 

(5) 

q = l ,  2, 3 . . . . .  

w h e r e  the func t ion  f(w) s a t i s f i e s  the fo l lowing  c o n d i t i o n s .  

I. f(w) is  an  a n a l y t i c  func t ion  of the c o m p l e x  v a r i a b l e  e v e r y w h e r e  a p a r t  f r o m  the poin ts  w = hrna, w = 
- h i n d ,  (m = 1, 2 , 3  . . . .  ), a n d w = - h / a  , w h e r e  i t  has  s i m p l e  p o l e s .  

II .  f(w) has  s i m p l e  z e r o s  a t  the po in ts  w = •  q = 1, 2, 3 . . . .  

I II .  Res  f ( - h / a  } = A l . 
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IV. f(w) sat isf ies  the following equations for  q = 1, 2, 3 . . . . .  

f (-- rqb) -]- pqJ (F@) + ~@ [ f (-- h@) Res f (--  hta ) 
hl~ - -  h qb 

"4- Z Res/(h~) ] ( l Pqb 1 + =~ 

I Res f (-- h~a ) 
V. f (Fqb) @ Pqbf (--  ~'qb) -I- "~qb f (hqb) hl a @ hq b 

Z Resf(h~,) ] ( 1 p@ __~ + h ~ Z ~  - - Z  Res~ (--h~a) + = 0 .  
~=l ~=i h~a + r@ h~a - -  Pqb / 

VI. f(w) =O (w -x)  for  lw[--* ~,  where ~ > 1 is determined from the behavior of the field at the edge. 
an insulator  whose edge is represented by a right angle in the c ross  section,  we have [3] 

= - -  arccos 

We reduce the integrals of (5) to sums of res idues to get 

..4{ Res f (hm~) 
r n ~ l  

X T@ 
hind - -  h qb 

2 { R e s f ( h m ~ )  
t n ~ t  

X T,@ 
hind -~- hqb 

1 Pqb ) - -  Res f (-- hind ) 
hma + rqb AV "hm a _  rqb 

= Res f (-- hza ) ( 1 Pqb 
hl~ - -  ro_b + hzo + rqb-/ ' 

I Pqb ) - -  Res [ (-- h~d) 
hrn a - Fq~ A; hma -~- Pq b 

1 Pqb 1 
= Res f (-- hz~ ) hl~ + rqb + hl~ ~ rq-~] ' 

Fo r  

(6) 

~ {  1 Resf(__hma) 1 ,} = Resf (-- h~) 1 
m=l Res f (hrn,~) hma "q- hqc hmcl __ hqc hla __ hqc 

S {  1 Resf(__hma) 1 } =Resf(__ht=) 1 
m=l Res f (hma) hma __  hqc hrnd @ hqc h m if- hqo 

We compare  (6) and the simplified sys tem of (1) to get that 

4.  C o n s t r u c t i o n  o f  f ( w )  

The conditions formulated above define f(w) neatly; the conditions that define the disposit ion of the zeros 
and poles of f(w) are met  if the function is put in the general  form 

[ ( w ) = R ( w )  m=l  . . . .  ~ ~ , (8 )  

1 - - ~  l - I  1 w 

where  R(w) is  an integer function of the variable  w that does not equal zero; {Q+b} and {Qmb} a re sequenees  of 
displaced zeros  which have to be determined.  However ,  the f(w) of the form of (8) is not par t icular ly  useful 
here  because there are two modified regions in the geomet ry  (auxiliary s t ructure) ,  so the las t  two products in 
the numera tor  in (8) are  bes t  repIaeed by the polynomial 

P(w)=  1 +  w r m ~  ~ + rmb+-w ( 1 - - w / r m b ) ( l + w / r ~ b ) ,  (9) 
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which incorpora te s  the pe r tu rba t ion  due to the d i sp l acemen t  of the zeros  f rom thepoints  {Fmb ) and { - F m b }  and 
{Q+b} and {-Qmb},  r e spec t ive ly .  

We subst i tute  for  f(w) into the equations that  exp re s s  p rope r t i e s  IV and V of f(w) and thus reduce the 
p rob lem to definit ion of the sequence of d isplaced zeros  to that of an infinite s y s t e m  of equations for  the un- 
known coeff ic ients  U m and Vm, whose asympto t ic  behav ior  fo r  m large  can be de te rmined .  We put w = +Fmb 
f o r  m ~ ~o and use condition VI to get  

U r  n N m I -• V r  a N m l - x ,  m -.o- c o .  

Then (9) fo r  m la rge  becomes  as fol lows:  
MU--I 

1 +  ~ U ~  w 
r r n  b ~ w 

m = l  m=M u r m b  ~ ~ m = M  v 

where  U and ~ are  unknown coeff ic ients ;  we subst i tute (10) into (8) and then use conditions IV and V to get a 
s y s t e m  of M = Mu + M v l i nea r  equations for  the unknowns {Urn}, {Vm],~,  and ~.  

We de te rmine  the magnitude of the per turb ing  coeff icients  and sa t i s fy  the normal iza t ion  condition HI to 
ge t  the final e x p r e s s i o n  fo r  f(w); this can be used to der ive  the sca t t e r ing  m a t r i c e s  {Rm} and {Tin} f rom (7). 
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