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The cherustcri~tic equation fora surface wave line load,:d witn uniformlv 
5pa:cd thin mitall.r dtscs cxc~tzd in Ea moEe has been deriv-2. The effects of 
spaiing an3 groove depth on field distributions have bee,' studk8. Considerin: 
tho existence oionly the  fundamental mods, the radial field distributbn curves as a 
function of groove depth and spacing show the surface wave nature o f  the disc- 
loaded strwture. Solution o f  the characterisric equation shows the exiafence of 
pass and stopbands which have been repre~ented grap!'ically in the form o f  
dispersion diagrams. 

Tbzoretical a n d  experimental investigations o n  corrugated surface wave 
s tructure b y  several au,hors"-" have emphasised essenti;illy c n  t h e  surface 
wavc character o f  such structures when t h e  s p a c i ~ g  between discs is very 
,mall compared t o  the wavelength of excitation a n d  gr  Tove depth.  T h e  prcsent 
work has  been motivated with the object  of  s tudying not  olrly t h e  surface 
wave character  o f  the  structure bu t  a l so  t o  find ou t  the cbaracirr is t ics  o f  the  
type o f  wave that  can exist when the  restr ic t im on t he  small spacing i s  removed. 
This inv-stigation fo rms  a part o f  the progrtimme o f  surface wave wor~."-" 
o n  guiding o r  radiating structures tha t  is being carried out  since the last 
few years. T h e  paper presents a report  o n  the  de rka t ion  o f  the  field :om- 
ponents taking into account  the  existence o f  the  space harmtnics .  T r e . l t i ~ g  
the prsblem by b w n d a r y  value rnsthods, the  characteristic equat ion i n v o k i n g  
the  fundamental  as well as the  space harmonics has been derived T h e  
characteristic equation has been solved graphically a n d  the roo t s  of the 
tqust ions thus  obtained have been checked with the  computer  solut ion.  
T h e  field distribution diagrams drawn by utilsing t h e  roots  of these equat ions 
and t h o  field c o m p n e n t s  show the  surface wave  decay in the r ~ d i a l  direct ions 
and  the decay is found t o  be independent o f  the iongiludinal  c o o r d i l a t e  
Dispersion diagrams for  various spacings have also becn drawn. 



The field components for the cylindrical surface wave as derived From 
wave equation in  cylindrical coordinate systems (,c, $, 2) are as Foilows : 

E , - C H ~ ' - I , " ' ( ~ ~  e x p ( j 6 . z )  

where, 

Time dependence h a s  bctn assumrd to be exp ( jw!\, be - y2 i k Z ,  
k bu d p / ' p a c o ) ,  and the Hankzi functions H ' s  have betn sstd to satlciy the 
cond~ :~on  at rnfin~ty. 

The field expressio ,s civen in equation [ I ]  are fu r  a uniform smooth 
cylindrical rod. By k k i n g  into consideration the periodicity of the  structure 
(Fig. I )  the field components in region (1) are 

FIG. I 
Sketch of corrugated structure. 



The effect of periodicity h l s  been taken into account hy  introducing l h ,  
z-dependence as  exp j [,E -t ( 2  m r n / ~ )  z] which is a consequence of Floquet3 
theorem. 

A single section of the structure composed of any two adjacent discs and 
the central rod con be regarded as  a radial tr.lnsmksion line shorted at one end. 
In this case a T E M  wave can be supported provided the spacing between 
the discs is very small compared to the wavelength. The field Cornponerirs 
for the radial transmission line are 

\\here n, - 0, I ,  2 . .  . represents the particuiar groove from z = 0. 

The wriatlon of the axial electric field Ez (b. z )  for the n-lh grooye over 
its mouth p - b is" 

E, (6, z )  - B  exp ( j 8 0  n L ) / d [ l  - (2 z,,/ Wj2i  I 4  ! 
where, z, - zo - n L is the  distance from tbe  centre of the n.ih groove and 
The exc~tation constant is representrd by 8. For each section a t  the mouth of 
she groove ( p  - b )  and over the range - m S i r  oo of the structure ihe 
following boundary condition holds good, 

The value of the amplitude constant C, is found from equation [s] by 
mulliplving equation 151 by exp ( -  jF , z )  and integrating over the limits 
n L - ( ~ 1 2 )  to n L + ~ / 2  as follows : 

= w B ) / ~ L I  JO (Sm w I ~ ) i [ ~ 6 0  ( j y ,  b)  1 16J 

The amplitude c o ~ s t a n t  A is expressed in terms of the constant B  by 
matching the  averagc value of E, in the two regions at the mouth of the 
groove p - b. This gives, 

A - ( B  ?r:4 j )  [ F ~  ( k  6) I-' .. . 
, . [:I 

where, 
F , ( ~ ~ ) - J o  ! k a ) ~ ~ ( k b ) - ~ ~ ( k a )  ~ , ( k b )  



Bji matching the  azimuthal component of the  magnetic field Hg i n  the 
two regions a t  p - b after substituting the  values of .4 and C,,, in the equations 
[k] a d  2 1  respectively, the foliowing characteristic equation is obtained. 

SOLUTION OF THE C H A R A C T ~ R ~ S T ~ C  EQUA'IION 

,As~uming that the structure is such tha t  It supports only the fundamental 
mode thc characteristic equation [8] reduces to 

By assuming that Po and yo a rz  real, t h e  above characteristic equation is 
solved by successive bisection method to  yield the  roots of the  characteristic 
equation. Some of the roots are tabulated below. I t  Is t o  be  noted tha t  
xhe roots have been calculated to seven decimal placcs and  they are  approxi- 
mated to two piaceb in the table for conveoience. 

I t  I t  noticed t h a t  the characteristic equation has  roots only for particular 
combinations of b dnd W. 



Ln equation [8] the  fundamental mode c o r r e s p r ~ d s  l o  n - 0, the next 
Perm of interest 3s the  one  coiresponding to n = - I .  Consldcrjng only upco 

the first backward space harmonic n = - :, the  characteristic equation [a] 
reduces to  

2k - r J~ (pa wj.~ - 1 sin (PO W! - 2 )  KI>~~?)- 

I. Po Y O  KO ( y o  6) 

FIELD I)Is~KIUU'T~UN AND D~SPERSIOM DIAGRAMS 
A large number of field distribution diagrams for  different comhina t iors  

of spacing and  grooe depth have been computed f rom e q u a t i c , ~  [XI. Some 
of tbz results of the radial field decay are shown in Figs. 2- 5. A dispersion 
aidgram also hns been computed and i s  rcpresellted in Fig. 6 .  
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Field distribution diagrams, W-0.2 om. Field distribution diogramr, iV=0.4cm. 
( i j  b=1.8cm., (ii) b--2cm.. hiii) b=%4cm. (i) b z 1 . 8  cm., (il)  b=2 cm., (iii) b-3.4cm 
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FIG 4 FIG. 5 
Field distribulion diagrams, W=P.6 cm. Field distribution diagrams, U'= 0 8 cm. 

(i) b-1.8 cm.. ( i i )  b-2 cm., (iri) b 4 . 4  cm. (i) b=O.8 cm., (ii) b e 2  cm.,  (iii) b ~ 3 . 4  cm. 



5 ,  Th: rdialiieid dr;q curzes  rho^ $hat ihe s;ructure can  s u ~ p o r l  
zrwni.?: bilmd S U ? ~ . * C ~ :  for only certain c o m b i r a ~ i o n s  
sT ip."leg r??d g r ~ , a i t  dtplh. 

i he ~ ~ l i r a s ,  ~ 1 c  gv.t:elul to F r d  S. i .  C' itiya for mcnuraprmenr acd 
r z  5i:b R Ci-ar!e!jte f o r  hrlpf!ii Jisrr;siioiis. The :,athers express their 
i: :'I: .' :.a V r ,  S %. Scn f :be Ccr ri.d ::!t;ri r.:rls anc! Si.r\Ices Lab-ratory 
F. r - ' . i t  de!c:?t.rne rlir rcc,zs of i hc  chersi tci isr ic quat ian in 
H 4 h. c:p::dI iiwml-.1er. 
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