
EFFECTS OF ENVIRONMENT ON T H E  SURFACE WAVE 
CHARACTERISTICS OF A DIELECTRIC-COATED 

CON DUCTOR 

PART I1 

Tlzeorefical inivstigatioii on the surface wave rhoracteristics o f  a losslc..~.~, 
dielectric-cuated eonducto~ embedded in api infinirelj, extended lossle.~.~ awisotrop~c 
dielectric rnrrlrrnu slrow tllcrt as the ratio of  the axial dielectric constant ( €2 )  t o  tlw 
radial dielectric constant ( e p )  is irrcreased, the srvface wave tends t o  become more 
strongly bo~md.  

It has been reported [I] recently that a cylindrical conductor coated 
with a lossless dielectric and immersed in an infinitely extended lossless 
dielectric medium and excited by Eo-wave can support surface wave as long 
as the dielectric constant of the outside medium remains less than the 
dielectric constant of the inside dielectric medium. The authors have also 
shown [2] that the surface wave solution of a lossy dielectric-coated con- 
ductor immersed in a lossy dielectric medium and excited in Eo-mode 
breaks down under certain condiiion. It may then be said that the surface 
wave energy is transformed into radiated energy under the condition when 
surface wave is no more supported. 

The propagation of plane electromagnetic waves i n  regions with 
anisotropic permittivity or permeability has received considerable attention 
in the literature-the former in connection with the study of the optical 
properties of crystals [3] and the electromagnetic behaviour of the ioao- 
sphere [4, 53 and the latter in connection with magnetised ferrites [6]. The 
excitation of unidirectional plane surface waves on  a perfectly conducting 
screen covered with an anisotropic plasma sheath has also been treated [7]. 
Theoretical analysis of the propagation characteristics of microwaves through 
wavepuides whose w&lls are anisotropic has abc, been reported 18, 9, 101. 
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There seems to be no available information on the surface wave 
characteristics of a dielectric-coated conductor immersed in an anisotropiC 
dielectric nledium. Thc prcscnt rcport is also conccrncd with the theoretical 
analysis of thc surfacc wnvc cli;vactc~%tics OS a dielectric-coated conductor 
surrounded by an infinitely cxtended lossless anisotropic diclcctric medium. 
The effect of variation of the anisotropicity of dielectric constant of the 
outside medium on the radial propagation constant, guide wavelength, con- 
stant percentage power contour, phase velocity of the surface wave and the 
percentage of power flow in the outside medium, etc., has been studied in 
detail. The results lead to some interesting conclusions in contrast with 
the isotropic case dealt with in Part I. 

2. FORMULATION OF THE PROBLEM 

As shown in Fig. I, the structure under consideration is a circular 
cylindrical conductor (Med. I ,  u = co) coated with a lossless sotropic 
dielectric of dielectric constant E, (Med. 11, o = 0, p =. p,,) surrounded by 
an infinitely extended lossless dielectric of tensor dielectric constant E (Med. 

111, o = 0, p = po) which is anisotropic having components r, and r, where 
z is the direction of propagation and p is the transverse radial coordinate 
and F~ = €2 when the dielectric i~i a scalar, The dielectric tensor 6 in medium 

IT1 is given by the relation 

:=(; ; 8> 

€2 - ,Po,o--O 
W, 1, Welwtritris-coated coqductor embedded 14 anisotropic dielecfric medium, 
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The permeability p in all the three media is equal to  the free space per- 
meability po and the conductivity in the first medium is 5 = w, but in thk 
&er two media o = 0. 

The wave equations in the I, 11 and III media are, a ,  .# ,  . 

The field components obtained by solving the first two wave equations 
(2 and 3) in media T (Ocpca) and 11 (a I p I 6)  are the same as reportad in 
Part I [I] of this paper. The field components obtained by solving equation 
(4) for the third medium and using Maxwell's equations are 

Since uIa = kXa + ye, the radial propagation constants u, in the second 
medium and u, in the third medium are related by the relation 



where 

Due to the vanishing of the c, at p = u in the second medium, the 
relation between the excitation constants B and C is [I] .I 

The excitation constants C and B are involved in the field components in 
the second medium. Expressing the field components in the second medium 
in terns of one excitation constant B or C and matching the wave impe- 
dances at  p = b, 

the following characrerisk equalion is obtained: 

The equations (6 a) and (9) are solved to yield u, and u, as functions of the 
- different physical parameters of the structure. The other propagation charac- 

teristics such as the axial propagation constant y, the phase constant P, the 
guide wavelength Xg and the phase velocity v, obtained from the follqwing 
relations are related to the radial propagation constants 

apt. evaluated with respect to different physical parameters and are pre- 
sented graphically in Figs. 2-6. 
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FIG. 2. Vasiation of U p  with r p .  "= 0.001 m; h== 0.0011 m. 

Thc radial field decay for the coniponents Ez and E, In the third rnedmrn  
is plotted as a function oC r in Fig. 7 by  usmg equations ( 5 )  and ( 5  a). 



5. POWER FLOW 

The power flow along thc z-d~rection in medium I1 and medium 111 
are glven respectively by the following relations: 
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P (m) -c 
Flo. 7. Variation of Ezand Ep wlth o. n =  0.001 n.,: b- 0,001 m ;  a,,- 2.6;  a t -  3.0. 



Fra: 8. Variation of pz, with rp. a 9 O.OI.rd; b = 0,0013 in. 

The constant percentage power contours are calculated from &a follow- 
ing relation : 

where p represents a certain p e r m  of Lbekptsl poww within a ckk 
of radius pp and 
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F ( ~ ~ ~ 1  = KO' (ldap) -. MI' h f l z ~ )  

2 + - KO (u,p) K, p pp3 h 
UaP 

(14) 

Agurs 8 shows the percentage of the Lord power Row outside the 
structurei1.i the z-direclion as function of c,, r and c, .  

Figure 9 shows the consiant percentage power contour as function 
of ep, s and rl 



The following conchsioi~s regarding the effects sf aaisorropicity of 
the third medium on the surface wave characteristics of the structure can be 
drawn. 

(i) The degree ( s )  or anisotropicity influences appreciably ;ibk vahw 
of Ihe radial propagation consLant and hence the radial field decay (see 
Fi_gs. 2 and 7). An increase in the vaiua of s increases u, which results in 
a faster decay ol' thc electric: field in the third medium leading to a more 
strongly bound surface wave. Thas is also evident from the A, and V, 
curves (see Figs. 4-6). 

The radius of the constant percentage power contour shdnks with 
increase Ln %he value of .s (Fig. 9). Percentage of lotal power flow in the 
3rd medium also decreases with increase in the value of r (Fig. 8). Both 
these resdts also suppor-t the ?revlous concdasio~:. 

(iii) r e  is  thus possible to concentrate more energy in the second medium 
by controlling the miso l r~py  factor (s) and if the second medium i s  negiigjbly 
lossy, as has been assu~;led, it is possible to draizsmit microwwe power to 
a lmgcs  distance than the isotropic case. 
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