
THE 

The p i r scn i  stiidy is a conlinuation of the i ~ l v r s l ~ ~ a t i o n s ~ - ~ ~  on surfilce 
wave phenomena and r:idiation <I-om dielectric objrcu rhat are being 
~ ~ l i l u c t e d  in the Indian lnst i lutr  uf Science Ibr t h e  last two dccades. The 
present study is concerned with the sludg of the cl la~nckrist ics of surface wnvcs 
(Lo 111ode) excited by means o f  a su!tabli- horn iAnced :!bow a dielectric ~ I S C  

b s ~ k e d  liy a nretallic di5c. T!re i,<unching cone is fed by a coaxid g i~ ldz  
Pd S 11g through tile .centre of the dlsc. This wive is esseo1i:rlly a~ialugorls to 
the  rad~li l  Tori!! o r  ' Zenncck Wavc '. Tlrc propagation of  clcctromng~ictic 
wave: r1ol:g intci-faces hetareen diffeient ~nedi,i nils  a controverslul x~biec t  



led to lengthy philosophical discu%ions about Ihc existence and 
physicai realisabi!ity of surface waves. ~cbelk~moff"  in his discilssion of the 
anatomy iif surface waves has mentioned that Dr. .Tsrliev R. Wait has prepared 
a list of eleven wave types which have been mentioned by different authors 
as surface waves. Plane waves guidcd by a plane ilrterface bstween sn 
insulator and a good conductor were f irst studied bjr UllerZs. Zenne~k'~ 
recognised the importance of thesc studies on the propagation of elc.mo. 
magnetic waves along the earlh. Zeiineck's investigation concerned with tile 
case where one-half space is a pure dielectric backed by a dielectric which is 
more or less condnctivo. An illuminating discussion of ' surface W ~ W S '  is 
given in Barlow'sJo book. The present study has bcen motivated by the 
necessity of  understandhg certain phenomena i n  connection with the study of 
the dieieclric disc as an aerial. The radialion characteristics of such an 
ncri:~l is under investigation and the rcsdts will be reported elsewhere. 

2. Firm COMPONENTS 

The field components for the different media for tllu me ld  -disc backed 
dielectric disc (a,, E , ,  pO) immersed in air (go, Go, ,uJ and excited in EQ 
surface wavc modc arc (Fig. 1)  

Fic. 1 
Geometry of the Prohlcrn 

Medium 1 : D<z -a, p s r  

Ex,=A [ ( j  ? / ( ~ , ~ j  wcI) ]  H t l ( - j  T P )  cos u, z 
E,,- = A  [(zr,/(u, + j  WE,)] H1(Z)(-j 7 p )  sin u, z 
H+, -A  U p ' ( - j  Y P) cos u , z  

Medium 2 :  a==, P > r  



\"here, the time variation of ihc field quantities is assumed to be exp ( j  w  I )  

and 
11, .- [l! t , j  17, 

The radial (P) compone1!1 of the electric field and ;he azimuthal 
component (p) of the magnelic field arc continuous at r=a.  Therefore, 
matching the impedances at the air-dielectric interface (-=a),  we obtain, 

E p l l H d l  -Ep~pl l I *+z  141 

Using the appropriate field components [eqn. 1 and 21 and the impedance 
relation [eqn. 41, the foloilowing characteristic equation is obtained. 

A [ u , / ( a , - i -  j w  e l ) ]  Hi2' (- J Y  P) sin u,a ------- 
A H 'i' ( -  j Y p )  cos 11, (I 

which yields - % = ( < , ) ' I  U, tan ( 1 1 ,  a )  [51 

The above equation I S ]  can be solved by plotting (6,)'' u, lan u,a W. 

as f (a, 6,) and [u:+(w~/c~) ( E ~ -  1)1''~ VS. ul as f (a, E?). The values of u, 
satisfying the above equation for different values of a and 6,  are obtained 
from the intersections 01" the two sets of curves. The values of 7 and;% 
can be found from the corresponding values of u,. Assuming ff to be very 
small p for different values of a and E, can be determined from the corres- 
ponding values of Y.  The phase velocity 0, (-  u/P) of the surface waves and 
hence the percentage reduction in phase velocity (c-v,l/c :/, for different 
values of a and E, can be determined. 
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From the relations [eqn. 31 we obtain 

u; - u: - (o"cZ) (6, - 1 ) 

0,6,= or ,R 
n,b,= - ap  

which yield the foilowinn quartic equation in a, 

n:+a: [ (wa/c2)  E , +  a2-j12] = a2P2 iil 
Similarly, 

02- lx2B1-a: [ (w2/c2)  ( E , -  1) +n:- b:]=O 181 

The solutions of eqn. 171 and eqn. [31 are respectively 

-[(w1/c2) c?+ R ~ - , ~ ' ] + ~ { [ ( W ~ / C ~ )  E,+ t ~ ~ - / 3 ~ ] * + 4 a ~  P ' j  
1 

-- ] "' PI '. 

The values of 6, aud h, arc diitmnind by using the relations eqn. [6] 
appropriately in eqn. [91 and eqn. [lo] respecriwAy. 

2 

By adopting the same procedure as above, the following quartic equation 
for & is obtained. 

~ ' + a ~ ( ~ - b ~ t w ~ p ~ € , ) - a ~ b ~ = 1 4  [I31 

The solution of equation [I31 is 

The values for 6 are determined from the sel~tion B=a,  b 2 / z  and eqn. (141 



An accurate value of the phase velocity up is determined i'rom the value 
of 1 obtained as above w i t h m  placing res~rictions o n  the VSILIC of a .md i s  

by the relaticxi 

-(d: - b: t w 2  ,do ~,ji%'[(.:: - 1,; : w' ,u, c,)": 4 o: t:j 
7 [I51 - 

The to131 power floa in the r ~ d i a l  (P,) 3110 rr.uiwerse jP*) directions 
consist of power flowing inside rhe disc in the P 2nd z directions a-ud power 
flowing outside the disc and is given by the following relations 

vhere the asterisk rcprcsejts the complex conjttgate and the field component? 
are rnax~nlun~ values in time and r is the radius of the  disc, r ,  is the outer 
radias of the coaxial guide passing through the cenrre of thu disc. 'This 
coaxial guide Torins a part of the launching device which wdl be described in 
a later paper. The thickness of the dielectr~c disc is represerued by a. 
Substituting proper field compo~~en t s  from equations [I]  and [2 ]  in equations 
[!61 aod [17] and integrating, we obtain 



d 

and the integral 4 bas been replaced by the integral .f where, d represents 
$=a  I - D  

the distance in the z direction within which nos t  of the power is locate& 
This relation can be utilised to determine the constant percentage power 
contour. The computation is under progress and will be reported elsewhere. 

since at P=-, all the Hankel functions vanish, the integrals in tqn. [I91 
have been evaluated by using the followi~ig relation 

(kzj < (12) 2dz=[z/(k2-12)] { lFP_,  ( I = )  C" (kz) -k cu-I (kz )  F, (IZ)), k z I 
where, z=Z and k = - j ?  and 2 - j ~ '  

Making small argument approximations (see Appendix A.2) eqn. [IS] 
and [%I reduce respectively to 



p (a p -q  ,IT) i ( ( I ,  sin 2m7, cosb 2ob, -'- h, cos 2aa, sinh 2 ah, 1 
f --- = 2 + - p 2  , I--- -- - 4 (0: + hi)  

and ' 

where 

q = arc tan uc 

p' =* In (0.89r,)' (a"pZ) 

But expressions for Pp and P, (eqiis. IS a n d  20) reduce to the following by 
makmg large argument approxrmntions (see Append~x A 2) 

+ a 
a ,  cos 2 aa sin11 2 ah, -b, sin 2 ua, cosh 2 ah, 

2/(=Z+ p) - --l------ 4 (a: + 6:) W1 



v A 2  r 2 b, cos 2 a, z sinh 2 b, -. --- - exp ( - 2  crr) --- 
UJ c, 4 tip mr 2 

The power flow inside (P,,) a!ld outside (P,,,) the dieIectric disc takes 
place both in the P direction as well as in the z direction which can be 
syntbolised as 

p , ,  = PP, I P:, 1251 

which fw small algumeut approx~mations reduce to 
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( h ,  s i n  2 o, 3 cosh2bi  z 21)' ~ ! f i i - ~ ( a ~ - p ~ )  
,,, - -  . -  

(r 2 1 .  /32 

-" [( 
b, cos 2 a', r sinh 2 h - ' a  sin 2 (1, z cosh 2 b r . - 2 . 2  - 1-2 

€1  2 2 

+ h1 sin 2 a, z cosh 2 b, r 

2 
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The a t tc~uat ion constant & denved by osing perturbation iechnique is 
given by the relation 

u - - ( P J 2  P p )  1311 

where, P, is the total povier lost per unit length and Pp represents the power Row 
in the p direction as a surface wave. Assun~ing that there is no loss of power 
by radiation ~ J I  the transverse direction and that the power in the transverse 
is concentrated within a distance d, the only loss is the dielectric loss in the 
material of the disc. In this paper, we shall consider only the d~elcclric loss 
and ignore the radiation loss. The attenuation constant cr i n  ey. [31] can be 
pat in a more convenient form by using the Poynting's theorem which states 
the energy balance relation as follows : 

+ L -, + - 
where, the Poynting rector is S & E x fl and the current density .l = n E. 
The energy srored in the volume of the dielectric being zcro, the enersy 
balance equation reduces to 



where, I E l z -  1 Ez 1'-I- I E,  1'. So, ac rcduces to 

where, s, is the conductiviiy of the dielectric disc. 

Using appropriate field components. performing the integrations and 
simplifying eqn. [39] reduces to 



q 5 0 r  r tan (,@',in, h,) 



where, 

h, sinh 2 aa, cos 2 a h ,  -- n2 cosh 2 a a, $in 2 n h, x,= - - - - -  
a' .I. 6 2  2 2 

The experimental verification of the theory is under progf.cSs 
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Using exponential runctions. 

But N $' (z*)  =.I,, (z*)  -I- iyJr*) 

APPENDIX A 2 

Small argument approximations 

H$'  ( j  Y *r )  = 1 I -  j ( 2 1 ~ )  In 0.89 j Y*r= . j  (21.x) 117 0 89 Y*r 

( - j Y 1.) = 1 - j  (2/rn) in ( - 0.89.i Y r) = -j (2/r;) in 0.89 Y r 

H';) ( j Y*r) = - 2/m Y *r 

H(:' ( - j  Y r ) = =  --21-7 r 




