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ABSTRACT 

The electromagnetic wave propogation tharacteristics of a circular cylindrical 
metal rod of finite conductivity coated with a lossy dielectric have been investigated. 
By applying the proper boundary conditions, the characteristic equation has been 
derived. This equation has been solved and the propagation characteristics like 
the phase constant, the attenuation constant, the phase velocity. the guide 
wavelength, the characteristic impedance, and the surface resistance hare been 
determined and their variation with the different parameters hare been studied 
in detail. The power carried by the surface wave and also the power handling 
capacity have been studied. Experimental work to verify some of the theoretical 
results have been reported. 

1. INTRODUCTION 

Investigations on the propagation of electromagnetic waves along a 
dielectric-coated metal wire were first initiated by Harms' in 1907. Later 
in 1950, Goubau 2  first demonstrated the physical reality of Sommerfeld's 
surface wave. His work" on a dielectric-coated conductor and a con- 
ductor with a modified surface was responsible for giving further insight 
into the characteristics of electromagnetic surface waves. After Goubau, 
several others have studied the different, aspects of the surface waves. 
Barlow", Browns ," Wait", Cullent 2, ' 3, Zuckerutia, Chatterjeels ," have 
contributed significantly to the understanding of surface wave propagation 
in general. Colin's, Bercilils, Semenov 2si 2 L and Kikuchi and Yamashita 22  
have investigated the propagation over dielectric-coated metal wires in 
particular. it may be noted, however, that in the course of their investiga- 

* At present with the Special Projects Team, Hindustan Aeronautics, Ltd., Hyderabad 
Division, Hyderabad-42. 
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lions. Coubau and other earlier investigators considered the metallic wire 
to be infinitely conducting and the dielectric layer to be thin and loss free. 
As far as is available from the published literature, it is found that there is 
very little info] mation about the surface wave propagation on metal rods 
of finite conductivity with thick and lossy dielectric coatings. The object 
of this paper is to present the results of the investigations on the propaga- 
tion characteristics of electromagnetic waves on a circular cylindrical 
dielectric-coated metal rod. The metal rod is of finite conductivity and the 
dielectric layer is thick and lossy. 

2. GEOMETRY OF THE SYSTEM 

The geometry of the system under investigation and the parameters 
of the different media are shown in Fig. 1. The wave is assumed to be 

MEDium 3 (FREE SPACE f >b) 
kte, ,E. 0  cr=0 1 71 0 = 12011 

MEDIUM 2 (DIELECTRIC 
LAyER l a S., ft 15:  b) 

Mo?Er Tana' 

2b 

MEDIUM I (METAL CORE 1 0 4:  (2  el:  a) 

Po tri 

Au. 1. 

propagating in the positive Z-direction and the field components are assumed 
to vary as exp (— yz) where y is the axial propagation constant. The pro- 
pagation constant y consists of a small real part `a% the attenuation constant 
and a large imaginary part 01 (5 is real and is called the phase constant). 

(2.1) 

A time variation of exp (fta) is assumed. 

Medium 3 (p > h, Free space) is characterized by its permeability kto9 

permittivity E, intrinsic impedance n o  -t. Vii, oleo  and wave number 
ko 	to Vizot co- Medium 2 (a p 	N, the dielectric layer is represented 

• 
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by its permeability and permittivity normalized with the corresponding ones 
of medium 3. 

= = 1 (assuming pi  
Po 

E0 
	Er 11 	tan a j 
	

(2.2) 

where et  is the relative dielectric constant of the dielectric coating material 
and tan 3 is its loss tangent. The wave number k2  in medium 2 is given by 
k22. = k02 E, (1 — j tan 8). Medium 1 (PC p( a, the metal core) is charac- 
terized by its permeability pq (= Po) and conductivity ac- 

k 02  = 0) 2  pe o co. 

3. FIELD COMPONENTS 

The field components of the TM01  mode obey 
there is no variation of the field components with Of. 

field components are E. Ep  and 110.. The wave 
-+ 
E = 0 is solved for the El?  component. The solution of this 
of the form 

[A.10  OP' 	BY 0 *Ai exP (- yz) for acp<b (3 . 1) 
= 1CK0  (gpl b) exp ( — yz) for p> b 

where 

Ii = b k2 2  + Y 2  

and 
g =a-A Vk0 2  712. 	 (3.2) 

4 (hplb) = Bessel function, 
= Modified Bessel function. 
from Maxwell's equations. 

Yo(hRib) = Nuemann function and K0  (gpil b) 
The other two components can be determined 

Hence, the field components are 

Ez = [2110 (hialb) BY0(hP1b)] exP 	Y-7) 

If #. = 	
(Al (hplb) B Y (hp/b)] exp ( — yz) 

yb 
L = — [A J0' (hplb) 	BY0' (hpisb)] exp ( — yz) 

P 	h 

(3.3) 

circular symmetry and 
The three nonvanishing 
equation (7 2  + (02  au E) 

equation is 
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for aC p b in medium 2 and 

Ez  = CKH (gpib) exp (--yz) 

Ho t -=fij"-:(13  CK0' (gp.ib) exP (— 7z) 

E = CK
9 

(gra) exp yz) P 	g  

 

(3.4) 

for p> b, in medium 3. 
1 

 

4. CHARACTERIsTIC EQUATION 

By applying the following boundary conditions, the characteristic 

equation is obtained. 

(1) Ez  = Z110 ,  at the metal-dielectric boundary, p =-- a, where 

Z 	/ cull°45° ------ surface impedance at the boundary. 

(ii) The two tangential field components E z  and If.' are matched at 
the dielectric-air boundary p = b. 

From the boundary condition (i) 

1 (1 	j) GJ o s (Mg) B =-- — A " 
— — .1) GYor(hig) (4.1) 

where 

G a-t k 9 2  Se r b 

U = 	
(1:24o—ac 

skindepth 

and 

= b' a. 
Matching Ez  at p =se b, 

At I 0  (h) 	B Y 0  (h) - ze. C K o  (g) 
Or 

A 1:1_0 .(".) 	019) 	— 	Y (Ilia)) 7 	(11(0) 0 --j) G.1 0' 91,101 IV
Yo Ulla) — — .1) IV(//101--  

= GC, (g). 	 (4.2 
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Let 
1 P' (h) 

(h)= Ph) 

.J 	(g) 

g)  Ko 	= (g ) * (4 . 8) 

After some simplification, the characteristic equation is obtained in the form 

	

1 	1 

'egg) — Er  f + 	AR (h) 	 . 

where 

ii = 0.5bko2  aff 

and 

1 I P (h) 	(h) 	(h)i 
(4. 10) R (JO = L pi 2 0) -4-  Pt (h) 1 • 

Equation (3.9) reduces to the form 

	

I 	1 

( g) 	er.Rh) 	 (4.11) 

when the conductivity (at) of the core metal is assumed to be infinite. 
Equation (4.11) is the characteristic equation using which the surface wave 
propagation characteristics have been studied by the earlier investigators. 

The transverse propagation constants are related by 

1,2  (- g2) = k22 k 0 2  

	

b 2 	h2  

or 

	

h 2 	g2  = (k22 	ko2). 
	 (4.12) 

Equations (4.10) and (4.12) are two equations in 'Ii 	and ' g'. 	By 
separating the real and imaginary parts of the two equations, from the rela- 
tions h = h i  — j11 2 and g = gi  — jg 2 , four equations in hi, h 2, gi  and g2  are 
obtained. 	While making the analysis, the second order terms like ha l , 
g2Ig1 , affi, etc., are neglected in complarison with unity. 

5. SOLUTION OF THE CHARACTERISTIC EQUATION 

For h2 <h1  and g2 <gi, the functions f (h) and # (g) may be de com- 
posed into their real and imaginary parts. 



Circular Cylindrical Diclectrir-Coated Aletal Rod—Part I 	
199 

((ix) .101 - Ala = Phi) - jh 2 .f (1z 1) 

(using Taylors' series) 
= .1(/z1) jh1h 2N 

(g) = 0 (go 	./g2) 	(g1) .ig20 1  (g) 
---- fl  g1) 	jgrig2  L (g 1) 

(5.1) 

where 

P1 (1'1) == 	(h i ) 

	

- .1 2  00[1 	R (1r,)] +[I + 2 f 

and 	 • 
	(5.2) 

L (gt) = ;II  (g) 

=:-- 4 2 (g1) 	- 	{1 -F 20 (g 1 )} 
	 • 

This decomposition is justified if the following inequality is satisfied. 

( 	1  
(17 - a) > 28, 

ET. 

where 
8 = skin depth 

Also 
	 (5.3) 

h =--- h [,/-12] 	h, 

So 

R (10 	R (11 1). 

The complex characteristic equation simplifies to 

1 	• 
Er [ (h ± fich2ivihj] ± - j) a BOO 

1 
(g) -F7jng2L (gj 
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	r 	mho eel 

Er f (h1) 	 + 	A R(h 1 ) 

Or 

-- 	+ ./gigiLi-doy 0 	- 

Separating the real and imaginary parts 

€7.f(h0 	
R(h1) =

(k) 

and 

hjr 2N (h i ) 
+ A R = "2 (g0 # 2 tio 

(5.4) 

(5.5) 

(5.6) 

From equations (3 .12) 

Pt' - fh 21 2 	[g1 eig21 2  = (k22  k0 2) h 2  

= ko2b2  [Er  (I 	j tan 8) — 11 	 • (5.7) 
2j10 2  + g12 2.igtg2 = ko 2  b 2  [Er  (I — j tan a) — 

Equating the real and imaginary parts 

+ g1 2  = k02b 2  (Er  — 1) 
	

(5.8) 

2 Up 1h 2 	g1g2i =--- k02 1'2 ET tart 8. 	 (5.9) 

Equations (5 .5) and (5.8) are solved for h l  and gi. 
solutions in (5.6) and (5 .9), 11 2  and g2  are found out. 

Substituting these 

Numerical calculations have been made for the following range of 
parameters: 

(i) The ratio bi  a is varied from 1-02 to 100 in discrete steps at a con- 
stant metal rod radius ' a' = 0.2 cm. 	The steps are as follows: 	1.02, 
1.25, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 80, 100- 

(ii) The conductor radius ' a ' is varied from 1 mm to 1 cm in the follow- 
ing steps: 	0.1, 	0-2, 	0.3, 	0-5, 	0-8, 	1.0cm. 

(iii) The free-space 	wavelength 'A 0' 	is varied from 0- 5 cm to 10 cm 
in discrete steps: 	0.5, 	1, 	2, 	4, 	8, 	10 cm. 
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(iv) The dielectric constant Cr is varied from a very low value to very 
high value. Only those dielectric materials are considered whose dielectric 
constants and loss tangents are known well at the op:trating frequeacy. 
Fig. 

/ shows the variation of the radial propagation constant (real part 
r 	  

b/A0 

Flo. 2. Variation of the radial propagation constant inside the dielectric layer (real part 

h t ib) with b/Ao. A = 32 cm. 
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h i ,b) inside the dielectric layer with b/A 0, for A,, = 3 .2 cm. 
the variation of the radial propagation constant inside the 
(real part hi/b and imaginary part ha) with frequency for 

Fig. 3 shows 
dielectric layer 

E r  = 2.56. 

0-001 

0-003 

0.002 

Wa s2 
0-001 

0 
	 5 

0 	 20 	40 	60 

f (GHz) 

FIG. 3. 	Variation 	of the 	radial 	propagation constant inside the dielectric 	layer 	(real 

part ha and iniaginary part NI b) with frequency 	Er  r---. 2.56. 

Fig. 4 shows the variation of the radial propagation constant outside 
the dielectric layer (real part &lb) with NA°, for Ao  = 3.2 cm. 

Fig. 5 shows the variation of the 	radial propagation constant outside 
the dielectric layer (imaginary part g2/b) with blA o  at A9  =--- 3.2 cm. 
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1 	 2 	 3 

b/A0 

FIG. 4. 	Variation of the 	radial 
part g1 /b) with b14. 	Ao  a 3.2 cm. 

propagation 	constant 	outside the 	dielectric 	layer 	(real 

Fig. 6 shows the variation of the radial propagation constant outside 
the dielectric layer (real part gol f) and imaginary part glib) with frequency 

for Er = 2.56. 

6. ATTENUATION AND PHASE CONSTANTS 

In medium 3 (p > h), the radial propagation constant is given by 

• 
g

2 
= k 2  p 2  ko 2  + v 2  

b 2 	° 
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FIG. 5. Variation of the radial propagation constant outside the dielectric layer (ima- 
ginary part g3 / b) with h/Ao. Ao  r  3.2 CM. 
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p 2  k e2  + 0262 

jai !2  
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h2
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b/a = 2 
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FIG. 6. Variation of the radial propagation constant outside the dielectric layer (real 

part gi rl), imaginary part g2 /b) with frequency. c s. = 2.56. 

Where 

P z=-J1" 	
(6 . 1) 

13 2  [ I 	= k02 	(gr_ 12_7_ 	 log 2  

11 2 	2ja.fl =_-. [ k02
VegIg 2  

1'2 	
] 

	

b2. 	
(6 .2) 
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Equating real and imaginary parts 
tr  2

a 
 " 2 02 = k o2 ± 61 	62  

b2  

and 

gig2 
aft  = 

(6.3) 

e t = 2.56 

bia vs°  
3.0 

2.00 2.0 

0.2 

2. 

	

2.5 I_ 	 . ___  1 	t 	._.1_ 

	

o 	0.1 	0.2 

aAo ---41-  
FIG. 7. Variation of the phase constant (f3) with alAo. A u  = 3.2ein. 
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Hence, the Phase Constant 

V 2  -■-••• f t 2  
I gl 	ea: 

\ 0 	• I - 	--- :l- b- 	 (6.4) 

and the attenuation constant 

g i g2 
a 	. 

b2 	 (6.5) 

Fig. 7 shows the variation of the phase constant ji with aiA o  at 
A„..=-- 3.2 cm. 

Fig. 8 shows the variation of f3 with b a ratio. 

Figs. 9 (a) and (b) show the variation of the attenuation constant a 

with b a. 

Fig. 10 shows the variation of a with frequency for Er  = 2.56. 

AG. 8. Variation of the phase constant (fi) with Na ratio. 
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IVO -P- 

FIG. 9 (a). Variation of the attenuation constant (a) with bla ratio. 

The Guide Wavelength 

After determining the phase constant /3, the guide wavelength is cal- 
culated from the relation Ag = 24f3. 

Fig. I I shows the variation of the guide wavelength (Ag /A 0) and the phase 
velocity (i.p/c) with bia ratio. 

7. THE PHASE VELOUR' 

The phase velocity v is given by v = 04. Normalizing v with respect 
to c ', the velocity of light 

!Y 	k o 	ik.2.  
c pc P V 132  

= j 
h12  + g1 2.L g  

b2  (ET — 

22 
ty 2 	1 

h2  
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(7.1) 

FIG. 9 (b). Variation or the attenuation constant (a) with Ma ratio. 

8. POWER FLOW 

The power launched in the dielectric-coated metal rod will be trans- 
mitted entirely in the longitudinal direction Z, when there is no radiation 
and the dielectric-coated metal rod acts eatirely as a surface waveguide. 
But if some power is lost by radiation, the power flow will take place not 
only in the Z-direction but also in the radial (p) and azimuthal directions. 
In the most general case where all the six field components are existing. the 
power flow in the p, 941  and z directions is given by 

P „ -1 Re .1 1 [Eif,' Hz * — Ez 14,•*] 	d: 

P. = Re I [Ezell,* E p lIz *]dpt 	
(8.1) 

and 

P2  =-- f Re 
f ar 

[Eplicky* — E.' • p *] pdpdz 

. I Sc J-2 
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FIG. 10. Variation of the attenuation constant (a) with frequency. 	Er = 2.56. 

where S represents the surface normal to the direction of propagation. 
But in the present ease 

:= 0 since Hp, Hz  are non-existing. 

It so happens that, Pp turns out to be purely reactive. P z  simplifies to 

Pz  = 11 E Igo, * pdpc1- 

This expression is obtained by directly integrating the Poynting Vector over 
the cross-section. 
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b bia 

AG. II. Variation of the guide wavelength (A0 /.10) and the phase velocity (vpie) with 
bit: ratio. a = 0-2 ern. 

While calculating the power flow we make the following assumptions: 
(a) the distortion of the field in the dielectric layer due to the finite con- 
ductivity of the conductor is neglected, i.e., G = 0 in equations (4.1) and 
(4.2). It may be mentioned here that this assumption is also usually made 
in calculating the power in hollow waveguides, (b) the field strengths are 
assumed to be given by their effective values. 

The Field Components in the region (a p b) are 

A 
( 10  y ()] exp (— yz) Ez  = A [J0(e) Yo(u) 

= A [P (e)i Yo(14)1exP (— 7z) 	 (8.2) 

— ja)6 2b  
' e D 

Ii yo(u) - )(a 

and 

ED = E2 Ho f 

where 

• 

hp 	= 
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Outside the dielectric layer (p > 

Ez 	CK0 	xP ( Yz) 

Ho  tee jai E° beKo' (0) exP ( — yz) 
	

(8.3) 

E p 	pi co € 0114, ,  

where 

gp.b. 

The mean power which is propagated in the .7-direction in the dielectric layer 

is 
b 

P 2z = f 	f Ep  x Ito * pdpdflit 
ct•P iz 0 	P a 

:=-1  21r f 	P 1110  1 2  pdp 
<0E2  

10 - 0  

b 2 	P 12  (6) 
= — 27rp 	— (to E 2) A 2 	MOO' . 

Yo- (u) 
P 

(8 . 4) 

Let 
AP (h) 	C A:0(g) Eft = yo  (u) 

be the effective value of the longitudinal electric field component at p = b. 

Also 

hp = b 
at 

p b. 	h 

at 

ha 
p a, 6 = b 	h la .= 

--= lip/ b, 
hdp 

d4== b . 
 

pdp = 
b2 

ede. 
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Hence 

b2 	P 2  (e) 6 2  t i t  P 2  == P2z  ezz: 2;7 	pon2 h  4) /I" yo  2 -01) 	stis 

11:44  oe. 
p2 (

02 
---zz 27r • - h) f pi2 ( eat 

7rb4  pk 	0 1 	 r  =--- 	
I

E 

IA 

P F2  (f) ede. (8 .5 ) 

The indefinite integral 

I er 2  (6) de 

Hence 

e r 2  (0 de 	It' P 2  (h) N (h) 

where 

N (h) = f 2  (h) [I — R 	+ [2 f (h) 	11 /11 2  . 

The power carried by the dielectric layer will hence simplify to 
1 	1 

P2 = P2 (z) = 2 ErP 0 Erp.z-vo  2  lt4  P- (10 N (10 

P2 = P 	ErN (h) Po 

where 

.n.b4  pk 0E02  
Po 	-- - is the unit power. 

no 

(8.6) 

(8.7) 

(8.8 

In the region outside the dielectric (p > b), we calculate the power trans- 

mitted outside a cylinder (coaxial 	with 	the surface waveline) of radius 

p = qb (q 	1) 

P3 == Paz = cr 
vf 

Ep1{4,, * pdpdril 
trro 

(8.9) 

00 

== 2 IT 	- pt0 Et, 

b2  (co €0) 2  -„ C- Ke  (#) pdp 
g" 
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= b, d0 = dp 

b2  pdp 	440. 
g- 

As 

p 	001  

At 

p = 

Hence 
00 

E 
17 2  tn .) ,i 9  r.,„ 10 ix  J.  jet  =-7  P3z 	21117(0 	—2  " 	A 0 2.  lop) itputp• 	 (8 .10) P3  

qy 

So 
00 

27 poe t"); 142 f so K o  6/1) 0(10 pa 7- P314-t- ==.4 	04 	K 2  (a) e+ t.s 	 0  

co 

z-h 4  pk E
°  - - g4  K(g) 

. 	K1 2  (0) Odtk- 	 (8 .1 1) 
 Si O '  

ag 

The indefinite integral 

 (8.12) 

After some simplification, this reduces to 

— 
K1 2  (0) lig* re 2 04  Ko2  (0) L 

where 

L (g) = — 0 2  (g) 	(g) I j 

and 

1 (g) =-- 
(g) 

g Ko(g) 
co • 	

—
co 

Ki 2 (0) tkatfr = 	2  K02  (0) L (0) 	• 	 (8.13) 
qg 

av 
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As tis-0.00 , the above integral varies as and hence tends to zero. 

)1  p =- (u 2z  . 2P0  - 	 K0 2  (v) L (a). 	 (8.14) K 0 2 	2 

In the particular case where we are interested in the power transmitted 
outside the dielectric-coating (Medium III) p 	b. q --=-- L. 
Hence 

P3 = P3 (-7) == P0L(g). 

The total power carried by the wave is 

P = P22 P3Z P2 + P3 = PO [Er N (h) + L(g)). 	(8•15) 

Fig. 12 shows the variation of the power carried by the dielectric layer 
with bla ratio. 

Fro. 12. Variation 

Fig. 13 shows the 
layer with bfa ratio. 

Fig. 14 shows the 
propagating inside and 

Fig. 15 shows the 

4' the power carried by the dielectric layer with bla ratio. 

variation of the power travelling outside dielectric 

variation of the relative power distribution (power 
power propagating outside) with frequency. 

constant percentage power contours, 
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FIG. 13. Variation of the power travelling outside the dielectric layer with bla ratio. 

9. MAXIMUM POWER HANDLING CAPACITY 

When transmitting pulse signals of large duty ratic, the maximum power 
is determined by the electrical breakdown in the region of maximum field 
intensity. Since air breaks down earlier than solid dielectrics, if the surround- 
ing medium is ai., the maximum permissible field strength in medium 3 is 
E, the breakdown field strength for air. 

The electrical field strength is a maximum at the surface of the dielectric 

(P = b) where the two field components Ep  and Tiz  are in phase. quadrature. 
The ratio of their absolute values is 

Ep 	bP (0, = bp• (g) - 

. 17Ezi 	g K0(g ) 
(9.1) 

This ratio is larger than unity for all values of the surface wave line para- 
meters and we must take Eon=  = Ellin . The maximum value of the con- 

ventional unit powei P o  using (9.1) is 

77b 2ko 	c 2  
Orna re L.' 2P71096 2  (g) P mar (9.2) 

By substituting this value of 0  in equation (8.15), we obtain the total break- 
down power. 

— 

ith 2  k 0  te r  N (h) ±J (g)I E2 
PM" 	-2710 p 	0 2  (g) 	P nlitr  

(9.3) 
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if 	)1z) —10- 

FIG. 14. 	Variation of the relative 	power 	distribution 
power propagating outside) with frequency. 	er  = 2.56. 

(power 	propagating 	inside and 

Fig. 16 shows the variation of the power handling capacity (P.a) with 

Mk). 

Fig. 17 shows the variation of the power handling capacity (P a.) with 

frequency. 
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la CHARACTERISTIC IMPEDANCE AND SURFACE IMPEDANCE 

The characteristic impedance of a surface wave line is usually defined 
as the ratio of the total transmitted power to the square of the current la 
flowing in theainner_conduotor 

P r--- 14, 2Za  = [2z-aHl (a)] 2  Za• 
	 (10.1) 

• e 	/AA'S. 
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FIG. 16. Variation of the power handling capacity (Pam() with b/Ao. 

We can also have anothet definition based on the equivalent current lb in 

the external surface of the dielectric. 

Pb ==. 	Zb = [27rbffes, ,  (b)] Zbe 	 (10.2) 
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FIG. 17. Variation or the power handling capacity (Alias) with frequency. e, = 2.56, 
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AG. 18. Variation of the characteristic impedance (ZA) with bla ratio. 

The difference between these two definitions becomes appreciable as the 
dielectric coating thickness increases. Substituting (10.1) and (10.2) in 
equation (8 .15), we obtain 

Za  ---= —771,- o
p 

[h± P (MP [er N (h) + L (g)] 16 E,..- k 	 (10.3) 

71 p [€N(Ii) + L (g)] , n p [Er  A r (h) + L (g)} 
= 	- 	 (10.4) Zb 477 k 	Er 2 f 2 (h) 	– 4.7 k 	0 2  (g) 	• 

The surface impedance Zs  is defined as the ratio of the tangential com- 
ponents of the electric and magnetic fields on the outer boundary of the 
dielectric. From equation (3.3). 

Ez .  Zs  == Ho, 	E i.bkf (h) 
(1 0 .5) 

Figs. 18 and 19 show the variation of the characteristic impedance ZA 

with b, a ratio and al'Au  respectively. 
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Figs. 20 and 21 show the variation of the surface resistance 
R s  with hitt ratio and frequency respectively. 
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FIG. 20. Variation of the surface resistance (Rs) with Nu ratio. 
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1 1. EXPERIMENTAL SET UP FOR THE MEASUREMENT OF ELECTRIC FIELD 

COMPONENTS 

The general experimental set up for the measurement of electric field 
components is shown in Fig. 22. 

I. Feed End of the Guide 

A rectangular guide is excitde in its dominant TE 10  mode by a 723. 
AIB Klystron. Using a mode transducer this is converted to the TM °, mode 
on the surface wave line. The mode transducer (Fig. 23) consists of a coaxial 
adapter and a launching cone. The metallic portion of the surface wave 
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FIG. 
23. Constructional details of the cones used with the mode transducers for thin 

dielectric coatings. 
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line is tapered and the launching cone is screwed to the adapter. The 
length of the transition is long enough to ensure a gradual variation of 
impedance. Since the field configuration of the TM at  mode on the dielectric 
coated conducting cylinder is similar to that of the TEM mode in a coaxial 
line, this method of excitation gives a fairly good lannching efficiency. The 
generator is isolated from the mode transducer by an attenuator. 

laystronfeed.---The Klystron 723 A ll3 is mounted directly on the broad- 
side of a rectangular waveguide, so that the output of the probe of the 
Klystron protrudes through a hole made at the centre of the broad face into 
the guide. This enables the excitation of the dominant TE„, mode in the 
rectangular guide. One end of the guide is fitted with an adjustable plunger 
The plunger and the length of the output probe of the Klystron inside the 
guide are adjusted for maximum power transfer. The required voltages 
for the Klystron are given by an electronically stabilized power supply. 
The reflector is modulated by 1,000 Hz square wave. 

2. The Free End of the Guide 

The length of the guide is about 1-20 meters and it is shorted by a metal 
plate at the far end. 	The guide is suspended by means of nylon threads. 

3. Detector System 

The detecting system consists of a AR1 or A/2 probe connected to a coaxial 
adopter ard detecting section. The probe along with the accessories Ts 
mounted on a probe carriage which has three independent mutually per- 
pendicular motions. The detector amplifier is a selective amplifier with a 
twin-tee network tuned to 1K Hz, the frequency of the square-wave with 
which the reflector voltage of the klystron is modulated. 

Measurement of Electric Field Components. -The probe is set paralled 
to the electric field component that is being measured, close to the surface 
of the rod, almost touching it. The reflector voltage, the amplitude and 
the frequency of the square wave are tuned for the maximum detector 
reading. The position of the probe is noted down on a scale provided for 
the purpose. The probe is then moved in steps of 1 mm in the z-direction 
and each time the d.c. p, A reading is noted. As we move the probe in the 
longitudinal direction parallel to z-axis, we get the standing wave pattern 
from which the guide wavelength is determined by finding out the distance 
between two consecutive maxima or minima and multiplying it by 2. A 
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dipole probe is used for measurement of Ez  and a AM probe is used for E. Next the probe is moved in the radial direction in steps of I rum and each 
time the d.c. microammeter reading is noted down which gives the radial 
decay of the field component. 

Figs. 24 and 25 show the calculated and measured 13 and A 9/A 0  vs. bk. 

Fig. 26 shows the radial field decay (both calculated and measured). 
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12. CONCLUSIONS 

The following conclusions may be drawn from the above investigations: 

I. The previous work on the propagation of electromagnetic waves 
over a dielectric-coated conductor by different authors considered the con- 
ductor to be infinitely conducting and the dielectric coatings to be lossleis 
and thin. It provides very little information about the propagation character- 
istics of electromagnetic waves over a cylindrical conductor thickly coated 

with a lossy dielectric material. 
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FIG. 25. Comparative study of the guide wavelength. 

2. The theoretical values of the various surface wave characteristics 
like the guide wavelength, the phase constant and the radial field decay 
agree with the experiment fait ly well as long as the dielectric coating is thin. 
This confirms the fact that a thin dielectric coated conductor is a good sur- 
face waveguide, as predicted by the earlier investigators. 

3. For a thickly coated conductor, the results of the experimental 
investigations deviate with the corresponding theoretical results after a 
certain coatingthickness is exceeded. The discrepancy between the theore- 
tical and experimental values of the phase constant fi, the guide wavelength 
A0 , and the radial field decay occur approximately at the same bla ratio. 
This discrepancy may probably be due to the occurrence of higher order 
modes or of leaky waves for thick dielectric coatings, which have been 
neglected in the present study. 

• 4. The theoretical results obtained for thin lossless dielectric coatings 
compare very well with the results of previous workers like Goubau 3-5  and 
Semenov 20 ' 21 . 
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FIG. 26. Comparative study of the radial field decay (thick dielectric coatings). a = 03, 

Er  = l• 56. 

More details of the above investigations are reported in (23). 
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