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ABSTRACT 
The propagation characteristics of the HE,,-mode launched on a circular cylindrical 

dielectric rod wave guide, such as the radial propagation constant, the axial propagation 
constant and the guide wavelength at  3.2 cms. wavelength have been studied theoretically 
as a function of the diameter and the dielectric constant of thr rod. The electric field 
distributionsand the power flow as a function of the diameter and the dielectric constant 
af the rod have also been calculated for horh inside and outside the rod. 

Several authors'-15 have investigated the propagation characterstics of 
electromagnetic waves launched on dielectric rods, planes, conducting plane 
with dielectric coating, corrugated plane and cylindrical conducting structures etc. 
The object of this paper is to  present a theoretical study of the propagation 
characteristics of the HEl1-mode launched on a circular cylindrical dielectric rod, 
with particular reference to the variation of 

(i) the radial propagation constants kl and k2 inside and outside the 
dielectric rod respectively as a function of the diameter ( d )  and the relative 
dielectric constant (2,) of the rod at a wavelength of Xo = 3.2 cms. 

(ii) the axial propagation constant y as a function of d and & 
(iii) the guide wavelength A, as a function of d and ;,. 
The electric field distributions (E,, E+, E,) inside and outside the rod of 

dielectric constant = 2.6 and of different diameters have also been calculated. 
The power flow inside the rod as a percentage of the total power flow has also 
been calculated as a function of d and 71 and some of the results are presented 
graphically. 

Field Components: The field components inside and outside the circular 
cylindrical dielectric guide of radius r are the following16 :- 
Inside the dielectric, p s r  (Medium 1) 
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FIG. 1 
Graphical solution of the characleristic equation 171 for d/~,=O.R,;,-.2.6 and h e - 3 . 2  cms 



where kl and k2 are the radial propagation constants, y ,  and y2 are the axial 
constants, f i l  and p2 are  the  permeabilities of media 1 and 2 respectively, 
E S  and e ,  are the dielectric constants of the two media, b, c, B and C are  constants 
t o  be determined by the  boundary conditions. The Bessel function J1 (x) and 
the Hankel function Hi')  (x) have been used for the field components inside 
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and outside the guide in order to ensure the regularity of t he  field on the axis  
of  the guide and  to satisfy the condition a t  infinity respectively. The time 
variation exp . ( jw t )  has been omitted from eqn. [2] for  convenience. 

k z / l  
/-.------.- 
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FIG. IT 
Variation of the radial propagation consrants kl and k, with d 1 ho ( ho-3.2 C ~ S )  

(Ark,  is imaginary-ik, has been plotted) 

Boundary condition: The following boundary conditions at p - r  are to be 
satisfied :- 







Characteristic Equation: From the equations [I], [2] and [3], the 
following equations are obtained :- 

1 5  L,-, 
C I 

i-- 
2 3 4 5 6 7 8 

Relative dielectric constant z,, of tho rod 

FIG. V 
Vnriation of the axial propagation constant ?, with for d / h o = 0 . 8  and h o t 3 . 2  cms. 
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The equations [ 5 ]  and [ 6 ]  have a nontrivial solution if the determinant of the 
coefficients of the constants b, B, c and C vanishes. Expansion of this 
determinant leads to  the following characteristic transcedental equation. 

0 
0.2 0.4  0.6 0.8 1.0 1.2 1.4 1.6 1.6 

dlho 

FIG. VI 
Variation of x ~ / x ~  with d h  for the HEli-mode ( ~ ~ 3 . 2  ems). 



where xl = kl  r ; x2 - k2 r [XI 

and xl and xz are also related by the following equation :- 

Solution o f  the Characterstic equation : The characterstic equation [7] has 
been solved in tile following way :- 

Let 

Yl and Y2 are exprcssed as a function of xi only with the help of the  equation [9] .  
The values of ( x z / i )  are calculated corresponding to  some arbitrary values of x, 
for a particular value of d/ho and;,. Y1 and Y2 are then plotted as a function 
of xi. The intersection of Y1 and Y, gives the  root x l  and hence x2 of the 
equation [7]. The  procedure is repeated for different values of d/ho and;]. 
As an illustration the graphical solution for dl& - 0.8 and = 2.6 is presented 
in Fig. I. 

Radial arid Axla1 propagation constants :-The radial propagation constants 
kl and kz are calculated from equation [8]. They have been plotted as a 
function of d/Ao for = 2.6 in Fig. 11, and a function of for d!ho = 0.8 In 
Fig. 111. The axial propagation constant y is calculated from equation [4] and 
its variation with d!Ao and 71 is shown in Fig. I V  and V respectively. It is 
observed that k l  decreases and k, and y increase with increasing values of 
d and 2 ,  and this gives rise to the reduction of the radial field spread. 

Guide Wavelength: The guide wavelength A, is obtained from equations [4] 
and [9] and is as follows :- 
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The values of A , / X ~  as computed from the above expression arc plotted in 
~ i ~ .  VI as a function of d/ho (from 0.2 to 1.8) and ;, = 2.6 and as a function of 
;, (from 1 to  10) for d/Ao - 0.8 in Fig. VI1. It is observed that A, decreases 

, , ; -------. --, 

Relative dielectric constant &, of the rod 

FIG. VII 
Variation of x ~ / x "  with21 for the HE,,-mode ( d l h ~ 0 . 8 ,  ~ , = 3 . 2  cms). 

with an increase in 2, as is expected. The decrease of A, with an  increase in 
the diameter of the rod may be due to  the increase of y, as an  increase in 
y (= ip) for a lossless waveguide reduces the phase velocity of the propagating 
wave. The reduction in phase velocity is responsible for the decrease of A, 
with increase of d. 

Field Configuration :-The constants b, B, c and C as obtained from 
equations [5] and [6]  are given by the following expressions:- 



The constants are evaluated for different values of dl& and;,. The electric 
field components ( E , ,  E6 and E,) inside and outside the rod are then evaluated 
for different values of d/Xo and some of the results are presented graphically in 
Figures VIII, IX and X. The values of the field components have been normalized 

Radial distance in cm. 

FIG. VIII 
Variation of the radial component, Ep of the electric field with the radial distance, p . 

(TI 4.6, A,-3.2 cms). 
(Ep has been normalized with respect to its value E; on the surface of the rod) 
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,ith respect to  their values a t  the surface of the rod. The decrease of kl and 
the increase of k2 and y with the increase of d are responsible for the reduction 
of the field spread in the radial direction. 

power Flow : The power flow, rv,, along the z-direction inside the rod per 
unit area is given by 

(171 

The power flow inside the rod is 

The power flow outside the rod is 



Radial distance in  cm 

Fro. IX 
Variation of the azimuthal component E 6 ,  of the electric field with the radial distance, p .  

(;,-2.6, ho=3.2 cms). 
(Eg  has  been normalized with respect to i t s  value 66 on t h e  surface of the rod). 

Rcdial distance ill cm 

FIG. X 
Variation of  the axial component, E,, of theelectric field with radial distance P .  - 

! 1=2 6, xo=3.2 cms). 
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FIG. XI 
Percentage power flow inside the aaveguide vs. d i ~ ,  (?,=?.6, ha=3.2 cms). 
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FIG. XI1 

Percentage power flow inside the waveguide vs. Ti (dh,--0.8, ho-3.2 cms). 



which yields 

The expressions for Wi and Wo are evaluated by numerical integration for 
different values of d/Xo and ?I. From these values of W, and Wo, is 
expressed as a percentage of the total power WT flowing in the rod and some 
of the results are presented in Fig. XI and XII. 

I t  is observed that the power flow is more and more concentrated inside the 
guide as the dielectric constant or the diameter of the rod is incr2sed. This 
is justified by the fact that the radial field spread is reduced as d or 6, increases. 
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discussions. The author is grateful to Prof. S. V. C. Aiya for the encourage- 
ment and the facilities provided during the course of the work. The author also 
expresses his gratitude to the University Grants Commission for the award of a 
Fellowship; t o  the Secretary, Birla Educational Trust and to Dr. S. M. Mitra, 
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