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A theoretical study of the reduction in phase velocity and rndial field spread 
of the Harms-Goubau line, as a function of the wire radius, coating thickness and 
dielectric conslant for different wavelengths, has been carried out. It is observed 
that the dielectric coating thickness has more control over the spread of the field 
in the radial direction than the dielectric constant of the coating. The percentage 
of the total power flowing in the dielectric coating, as a function of the coating 
thickness and dielectric constant for three wavelengths has been calculated. 
These results when compared with that of the Sommerfeld line show clearly the 
superiority of the Harms-Goubau line as a surface wave guide. 

In an earlier communication,' the  effect of t he  wire radius on the field 
spread and propagation parameters for the Sommerfeld and Harms-Goubau line 
was reported. The object of the present paper is to study the  variation of the 
phase velocity and radial field spread, with respect t o  the wire radius in the case 
of Sommerfeld line and wire radius, dielectric coating thickness and dielectric 
constant in the case of the Harms-Goubau line respectively. I t  is found that a 
dielectric coating thickness of even 0.002 cm reduces the  field spread to more 
than half its value without the dielectric coating. To obtain the same reduction 
in field spread for the Sommerfeld line, the  wavelength of excitation has to be 
reduced to one third its original value. 

Having found the superiority of the  Harms-Goubau line over that of the 
Sommerfeld line, i t  is of interest to calculate the percentage of the total power 
flowing in the dielectric coating. Detailed calculations have been done to 
determine this percentage of the  power, a s  a function of the dielectric coating 
thickness and dielectric constant for wavelengths Xo = 4.00, 3.45 and 1.25 cms 
and wire radius 0 - 0.05, 0.10, 0.15 and 0.20 cm. I t  is obserded that increasing 
the dielectric coating thickness increases t he  percentage of power flowing in the 
coating, where as, i t  decreases as the dielectric constant of the coating is 
increased. If we consider cases, where the reduction in phase velocity is less 
than 4%, and the  dielectric constant of the coating 6 > 2.0, the power flowing 
in the coating is less than 8% of the total power propagated. 
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(i) Sommerfeld line:-The radial decay factor y2, as derived from the 
boundary conditions is given by2 

and 17 1 - 1.70 x x a ho-3'2 for a copper wire immersed in air. a is the 
radius of the wire and XO, the free space wavelength. The real part of yl, as 
derived from equation [I] is 

The real part of the decay factor is plotted as a function of the wire 
radius for different wavelengths in Fig. I. It is observed from the graphs that 
the decay factor does not increase appreciably, within the wavelength range 
A0 = 4.00 cms to 3.2 cms. Secondly, for the wavelength region plotted, the 
rate of increase of the value of the decay factor is not much for wire radii 
a - 0.30 cm to 0.10 cm. However, it is much faster as the radius of the line 
decreases below 0.10 cm. The slow rate of increase of the decay factor is 
responsible for the slow rate of reduction of radial field spread in the 
Sommerfeld line. 

(iij Harms-Goubau Line:-Using the field components as reported 
elsewhere.' imposing the boundary condition that the tangential component of 
the electric field on the surface of a perfect conductor is zero and matching the 
transverse impedance Ez/H+ at  the inrerface between the dielectric coating and 
air, the following equation is 

where yd and kd refer to the value of the decay factor and wave number inside 
the dielectric and y', the valm of the decay factor ontside the dielectric, 
ie., in air. In the above expression, the ratio of the Hankel Functions 
[ ~ ~ ( ' ) ( j ~ ' d ) / ~ ~ ( ' ) ( j ~ ' n ' ) ]  has been taken to be equal to j In (0.89 y'a'), as a 
small argument approximation. 

If we consider wires, whose radii are very small compared with the bee 
space wavelength ho and the dielectric coating thickness very small or af the 



same order of magnitude as the  wire radius, the small argument approximate 
relations are used for the  Bessel and Neumann functions and hence equation [3] 
reduces t o  

r ' Z { ~ n ( 0 . 8 9  y'a') - (11s) In (a f /u) ]  - (116 - 1)(2x/~o)~/n(o'/a)  [4] 

where 6 represents the relative dielectric constant of the  coating. 

RADIUS OF THE LOUMERFELD LINE IN CM 

FIG. I 
Radial decay factor, as n function of the wire radius, for differcot wavelengths 

The radial decay factor -f', as calculated from the above expression, is 
plotted in Fig. I1 as a function of r. for different values of Xo and two different 
d u e s  of dielectric coating thickness a" - 0.002 cm. and 0.01 cm. The variation 
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DIELECTRIC CONSTANT 

FIG. TI 
Rndial deeny factor of the Harms-Goubau line as a function of thc dielectric 
constant of the coating for dnfferent waxlengthr and coating th~chesxres, 

Wire radiur oiO.10 an. 

of y' as a function of the dielectric coating thickness for different wavelengths 
and two different value of the dielectric constant E =2.0 and 4.0, is presented 
in Fig. 111. A study of these two sets of graphs show that the rate of increase 
of y' with increase in the value a" is faster than the rate of increase w ~ t h  the 
increase in value of 6. In other words, the coating thickness i s  more effective, 



in increasing y ' ,  than the dielectric constant. For example, increasing a" from 
0.01 cm to 0.02 cm at Xo - 3.45 crns and 6 = 2.0, the value of y' is increased by 
a factor 1.5, where as increasing E from 2.0 to 4.0 a1 the same wavelength with 
a"- 0.01 cm, increases y' from 0.20 to 0.25 only. 

DIELECTRIC COATING THICKNESS IN CM 

FIG. 111 
Radial Decay factor as a function of the dielectric coating thickness, for 

different wavelengths. Wire radius n,0.10 cm. 
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The percentages of power flow contained withm a certain radial distance 
from the transmiss~on line, as calculated for both the Sonimerfeld and Harms- 
Goubau line, are represented graphically for the sake of comparison in Fig. IV. 
The  curve a" = 0 corresponds to the Sommerfeld line. The radius of the wire 
a - 0.10 cm and the free space wave length A,, - 4.00 cnls and the dielectric con- 
stant e = 2.40 for the Harms-Goubau line. The variation of the rad~us  of the area 

RAOUL DISTANCE IN  CM 

FIG. IV 
Radial fidd spread as a. function of the percentage of power flow, for different 

dielectric coating thicknesses a". Wire radius a=0.10 m ' X0=4.00 cms. *-2.4 



around the wire within which 90% of the power is propagated as a function of 
the dielectric constant of the coating for diflerent values of wavelengths and 

Radius of the area around the wire, with in which 90% of the power is propagated 
as a function of  the dielectric constant, for different wavelengths and coating thicknesses. 

Wire radius a=0.10 cm. 

coating thicknesses is plotted in Fig. V. From these two sets of graphs, the 
superior influence of the dielectric coating thickness in reducing the radial field 
spread than the dielectric constant is brought out  more clearly. 
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PHASE VELOCITY 
ald fine :-The phase velocity b, of the Sommerfeld line is 
:ssion2 

"P = C [1 - 0.63 1 f I Cos 0/(k a)'] 
locity of light 

is1 

0 = - ( ~ / 4 ) [ 1 -  l / ( l n / f l +  I)] 

RADIUS OF THE SOMMERFELD LINE IN CM 

FIG. VI 
ge reduction in phav velocity of the wave as a functioo of wire radius, 

Fo; different wnvclenglhr 



The percentage reduction in phase velocity as a function of the wire radius 
a for different values of wavelength A,, is plotted in Fig. VI. It  is seen that the 
percentage reduction in the phase velocity of the  wave is very small for 
increasing values of wire radius ; and as the conductivity of the conductor 
increases with decreasing values of wavelength, the reduction in the phase 
velocity of the wave decreases with increasing frequency. 

FIG. VII 
Percentage reduction in phase velocity of the Harms-Gouhau line, as a function 
of the dielectric constant for different wavelengths and coating thicknesses. 

Wire radius a=0.10 cm. 
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DIELECTRIC COATING THICLNESS IN CM 

Ro. VlII 
Percentage duction in phase velocity of the HarmsGoubau linr, an a 
functkx of the dielectric caating thielmerr, fsr diffrrrnt ivavelcngrh. 

n=O.lOcm. r-2.4 



(ii) Harms-Goubau Line :-With a knowledge of the radial decay factor $, 
the  propagation constant h of the guided wave can bd derived. I t  is given by 

hZ - - [ (y ' )Z  + kZ] .  [61 

If the line is assumed to  be lossless, hZ - - b2 ,  where /3 is the phase constant of 
the  guided wave. For the wire radius and coating thickness considered earlier, 
[y'2/k2] < < 1 .  Hence we get 

/3 = k [ I  + 112. y f2 /kZ]  [TI 
and the phase velocity v, of the wave is given by 

vD = , d l /  = C [l - yt2/2kZ] 

The percentage of reduction in v, as  a function of the dielectric constant e 

for different values of wavelength ho and dielectric coating thickness a" is shown 
in Fig. VII. Fig. VIII shows the  variation of 6 v,/v,,% with respect to the 
thickness a" at e = 2.40 for different wavelengths. In both these graphs, the 
wire radius a is taken to be 0.10 cm. 

For sake of comparing the relative values of the reduction in v, between 
the Sommerfeld line and Harms Goubau line, Fig. IX is plotted for variations 
in wire radius a, for A0 - 4.00 and 1.25 cms. I t  is seen clearly that  6v,/v,% is 
appreciably large in the  case of the Harms-Goubau line than the Sommerfeld 
line. 

Distribution o f  Power in the Harms-Goubau Line : - The power transmitted 
around the line is given by4 

where lo is the  peak value of the current and eo is the  free space dielectric 
constant. 

The power flowing in the  dielectric coating is given by 

where ed is t he  absolute dielectric constant of the coating. The above two 
equations have been derived with the assumption that the arguments of the 
cylindrical functions are very small and hence the  small argument approxima- 
tions for the. Hankel and Bessel functions are valid. 
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RADIUS Of T W  W 8 E  IN CU 

FIG. IX 
Percentage rcduetion in phase velocity of the wave as a 
function of the wire radius for different wavelengths. 

s z 2 . 4  tor she Harms-Goubnu line. 

The percentage of the total power flowing in the dielectric coating is then 
given by 

[c/(P, + pa)] 7; :,- (P;/&)% - ln(o'/o)/{ln (a'/*) - E [In (0.89 y'a') + 0.51 j [I I] 

where c - < ~ / E O ,  is the relative dielectric constant of the coating. 



This percentage of the power decreases as the dielectric constant of t h e  
coating increases i.e., a part of the energy goes into the air medium from the 
dielectric medium. The radial decay factor y' increases at a lower rate  for 

COATING THICKNESS : 

2 . 0  2.5 3.0 3.5 4 .0  

DIELECTRIC CONSTANT 

FIG. X 
Percentage of the total power Rowing in the dielccrric coating 
as a function of the dielectric constant, far different wire radii 

ho=4.00 crns. 

increasing values of E and so P~/P,% decreases. Figures X and XI show the 
variation of % as a function of C, for wavelengths A,, - 4.00 crns and 3.45 cms 
respectively. Curves are drawn for two different coating thicknesses a" - 0.01 cm 
and 0.03 cm. 
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FIG. XI 
Percentage of the total power flowing in the dielectric coating 
as a function of the dielectric constant for different wireradii. 

~0'3.45 CmS. 

The effect of the dielectric coating thickness fl on the percentage of 
fill', is brought out in Figure XI1 and XI11 for two different wire radii 
a = 0 05 cm and 0.20 cm. The curves are drawn for ha - 4.00 crns and 3.45 crns. 
respectively. The slow rate of variation of this with the dielectric constant 
is also seen in the intermediate curves drawn for E -2.0 to 4.0. TO bring out 
the relation between the wavelength and the percentage of the power more 
explicitly, Figure XIV has been presented for three different wire radii 
a - 0 05 cm, 0.10 cm, and 0.20 cm. 



It is observed from this family of curves that P,/P,% increases as 
(i) the thickness of dielectric coating increases (ii) the  wire radius is made 
smaller and ( i i i )  the wavelength is decreased. However i t  decreases with 
increasing valuc o f  the dielectric constant. 

DIELECTRIC COATING THICKNESS I N  CM 

Percentage of the total power flowing in the dielectric coating as a 
function of the coating thicknes, for difierent dielectric constants. 

X~=C.OO cms. 
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DIELECTRIC COATING THICKNESS IN CM 

FIG. XI11 
Percentage of the total power flowing in the dicleetric mating as D 

Amctim of the coating thickncn, for different didcctric connants. 
ho-3.45 CmS. 



DIELECTRIC COATING THICKNESS IN CM 

FIG. XIV 
Percentage of the total power flowing in the dielectric coating 
as a function of the coating thickness, for different wire radii. 

e=2.0. 
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COMPARATIVE STUDY 

To  enable a comparative study of the two lines, namely Sommerfeld aqd 
Harms-Goubau line, with particular reference to the reduction in phase velocity 
of the guided wave and the radial field spread, the following two tables are 
presented. It is seen from the respective figures, the superiority of tile 
Harms-Goubau line, over that of Sonmerfeld line, as a surface wave guide for 
single wire transmission. . 

TABLE I 
Radial field spread for different percentages of power flow. 

Wire radius for both the lines, a=0.10 cm. Dielectric constant r=2.40 and coating 
thickness 0"=0.01 cm. for the Harms-Ooubau line. 

-- - -- - - . - 
Percentage Sommerield line Harms-Goubau Line 

of - - - - .-- .. . - -. .. . - -. - 
Power flow Xa=4 cms. Xa=1.25 cms. ha=4cms. ho=1.25cms. 

-- - - - ... . -- . - - - --- 
90% 28.44cms. 12.19cms. 3.61cms. 1.21cms. 

75:;. 11.10 ,, 5.42 ,, 1.74 ,, 0.68 ., 
50% 2.30 ,, 1.44 ,, 0.68 ,, 0.34 ,. 
25% 0.43 ,, 0.38 ,, 0.27 ,, 0.20 ,, 
10% 0.18 ,, 0.17 ,, 0.15 ,, 0.13 ,, 

- . - -- . - - . -- - 

Percentage reduction in phase velocity of the surface wave. 
Wire radius for both the lines, a-0.10 cm. 

-- . -- - ~ - -. . . - --- 
cp 

d e lo= 4.00 C ~ S .  
3.45 cms 1.25 cnm. 

m 0 e,E 
u Harms-Goubau line 2 Harms-Goubau line 5 Harrn~Goubau line sg  $ *  * Y 

8: g ,E . - -- . 1 8 . ~  . 8 ." 
r-2.0 e-4.0 - ~ ~ 2 . 0  r-4.0 gr' E-2.0 1 - 4 4  

m Y1 
p.-.p-.-.-.. - - - . .- 
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