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ABSTRACT 

The paper presents a report of theoretical study of the surface wave 
rharacteristics, viz., decay coefficient, guide wave-length, attenuation constant, 
constant percentage power contour as functions of physical parameters of corrugated 
and uniform dielectric rods excited in E 0 —mode. 	The corrugated rod shows 
better surface wave characteristics than uniform rod. 

1. INTRODUCTION 

The present work is a part of the investigations 1-10  on surface wave 
characteristics of electromagnetic structures that are being oonducted in the 
laboratory. An extensive bibliography on surface wave study have been 
given by Barlow and Brown 11  in their book on " Radio surface waves" 
which deals with the fundamental properties of surface wave and its 
associated problems in an illuminating manner. Wait 12-14  has done 
considerable significant theoretical work on the propagation of surface 
waves and has written an excellent comprehensive paper on electromagnetic 
surface waves. 

It is the object of the paper to present the results of theoretical study of 
the field distribution on the uniform and corrugated dielectric rods excited in 
E0 —mode. The variation of propagation constant, guide wavelength and 
radial field decay, attenuation constant as functions of structure parameters 
are reported. It has been shown that the corrugated dielectric rod can 
support a surface wave only for a certain definite combinations of the 
structure parameters. 	It is also shown that the corrugated rod shows better 
surface wave characteristics than an uniform dielectric rod both of them being 
excited in E0 —mode. 
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2. UNIFORM DIELECTRIC Rot; 

2.1 Field Components 

The held toinponents in the two media (See Fig. 1) ard 

MEDIUM 2 ..41C4  
60 Po 

Re. 1 
Circu isat cylindrical co-ordinate system for uniform dielectric rod 

e 1  = Permittivity of the dielectric rod material 	E• = Permittivity of the lice 'pace 
p e n Permeability of the free space 	 P 	=Cylindrical co-ordinates 

a= Radius of the rod 
Medium I =Dielectric rod, p 2 a 

Meditim 2=Free space, P n 

Medium 1: p -sea 

E„ 4= Re1 ) 2 1 jouc i l .10(lei p) exp (—jgz) 

Ept  =B [k'filwc i ] Mei n exp (-02) 

ff,t5 k 1  .1 1 (e1 P) exp (—B32) 

Medium 2: pe.:a 

D t(le2 )21jtoc o  H(le2 P) exp (—jfiz) 

Ep  2 =1 0 114filwed 1-11 1) (1e2 P) exp (jfiz) 

II ef t  c---D le2  11 1) (le2 P) exp (—jfiz) 
	 [2] 

The time dependence 
Constants lei  and le2  are 

is of the form exp (fon ). The radial propagation 
related to the axial phase constant ft as follows 

— 13 2  + (02  Pei 

1( 12 2 == —P2 + (02,40E0 

which yield 

k f:  2  -142=k2(Cri 1) 
	 ( 5 1 
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where, 	c ti 	e i /c o  dielectric constant of the material of the rod 

k2 =B (0 2 ,ti o c o  

For E0  — surface wave field, 

/3 2 > w 2 m 0c 0, where /3 is real. 
only positive real values of lel  

14 must be positive imaginary. Therefore, 
At X —band, w2 m 0 c 1 > > co 2 du cc o  as ci> co, so 

are considered. 

2.2 Characteristic Equation 

The characteristic equation is formulated by using the appropriate field 
components and the following boundary conditions which have to be satisfied 

at the interface p a between the regions 1 and 2. 

E2 	Ez 2  

C1 EP1 
= c0 E2 

114 ir  114 2 
	 [6] 

at P==a. By using the above boundary conditions and appropriate field 
components, the following characteristic equation is obtained 

x 1  [J0 (x1)/J1 (x 1 )] -= x2  c i  [HP ) (x2)/Iii I ) (x2)] 

where, 	x1  =lei  a, x2 = le2 a 

2 ( X2 y Cira 
Ao

y 
and 	x i  + 	 (c, i  —1) 

2.3 Numerical Computation 

The roots of the characteristic equation (equation 7), x 1  and x2  are 
obtained, as a fuuction of the rod radius 'a ' with the help of a digital com- 
puter (Type Elliot 803). The numerical values of the different constants used 
for computation are c o.  =2.56 and A0 =3.14 cm. 

[71 

(8) 

The variation of lel , 14, 
Figures 2, 3 and 4 respectively. 
ing relations 

/3 and 	Ag as 	functions 	of 'a 1  is shown in 
/3 and Ag are determined from the follow - 

=[(0 2 ittoc i _... (xl ia)9112 

Ag=-A0/[c o 	(A0/27ra) 2]' 12  

[9) 

The theoretical radial field decay curves are shown in Fig. 5. 
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FIG. 2 

Variation of 'radial propagation consitants with 4201/40 for uniform dieleciric rod 

le t at Radial propagation constant inside the rod 
= Radial propagation constant outside the rod 

az-Radius of the rod 
)41=3.1 4  cm. 

3. CORRUGATED DIELECTRIC ROD 

The corrugated rod (Fig. 6) consists of two media. The first medium is 

(P a) is characterised by f l , mo  and the second medium (a 	-s.. h) by E 2 Jut) 

respectively. 
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2 

Q/Ao —.4'- 

FIG. 3 

Variation of axial propagation constant, P with a/ X 0  for uniform dielectric rod 

a /A 0  

FIG. 4 

Variation of X :j X. with aj X, for uniform dielectric rod 

ArGuid wavelength, 	a=Radius of the rod, 

3.1 Effective Dielectric constant 

The second medium of the corrugated rod corsisting of the grooved 
region with uniformly spaced disc is assumed to be a homogeneous medium 
having effective dielectric constant 

C2 	
• t sVos 4012 

which is obtained by equating the optical path lengths and assuming plane 
wave propagation in the medium. 
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r cm 

FIG. 5 

Radial field decay curves for uniform dielectric rod. a._ Radius of the rod 

MEDIUM 2 
( 2 PO 

MEDIum I 

-94.12fr 	-24 s MEDIUM 3 
E f, PO 

FIG. 6 

 

Corrugated dielectric rod 

Radiug of thr inner rod 	 e i = Pcrmittivity of medium I 

Radius of disc 	
c7 nfl rjnt tt iv ity of medium 2 

t Tnickness of disc 	 E 0 -Permittivity of free space (mediun 3) 

s.Spacing between discs 	 P O ..  Permeability of free space 

Medium I: P < a 
Medium 2: ac P < 
Medium 3: 	e b 
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3.2 Field Components 

The field components in the three media are 

Medium I : 	a 

Ezi =A1  Je(le i  p) exi)(—jfir) 

1131 =.A 1  buE s J (k P) exP ( —az) ,- 
k 1  

exo (-0 z) =n1T _ IN  [121 

Medium 2: 	p b 

Ez2= [A2 Je (k2 p) + A3 Y, (k2  P)) exp ( —j fir) 

14, 2 r- FL-Lca. (A 2  ./1  (k2  P) -4- A 3 	(k2  P)] exP(—jfl Z) 
k2 

Foe= —a [21 2  ./1  (k2  p) + A 3  Yi  (k2  P)] exP( — jfiz) 
k 2  

Medium 3 : P b 

E23 = A 4  Hdo (k 3 p) exp ( 	z) 

A 

 

3'° C o u  ( i ) iirs 	i  lie . 3 2:.  4114 ''''''•-•-•-•-••• I 	krt 3 	exp —.1 p 
k3 

A j H" )  (k 3 P) exP( -Piz) E, 3  1111.  4 T3—  114j 

The excitation constants A's are evaluated by using boundary conditions. 

3.3 Boundary Conditions 

The boundary conditions that have to be satisfied P=a and p b are 

At p = a, 

= 114, 	H4,2 c E =gcE PI 	2 P2 0 51 

and 

Ex2 za Ea 	40 2  = H it 3 	 C 2 E 2 = C O E p3 
	 116J 
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3.4 Characteristic Equation 

The following four equations are obtained by using appropriate field 
components and proper boundary conditions. 

A i  Jo (kt a) —A 2  A (k 2  a) — A 3  Yo (k 2  a) zwit 0 

Ai  it  (k i  a) 	,c2 J1 Vc 2 (0_,
n 
 E 2  Y i  (k 2  a) .0  
3 k i 	 k2 	El 	k2 

A2 JO (k2 0+ A3 Yo (k 2  b) A 4  Hp) (k,b) r=0 

A2 —C2 J1 (k2b)  + A3 C 2 YO (k2 b)  A H : I)  (lc 3 b) - ,4  
€ 0 	1c2 	Co 	k 2 	1c 3 

[17] 

The following determinantal equation is obtained from equation [17] 

Yo  (x3) 

Bt Y 1 (X3) 	fit" )  (X4) 

X4 X3 

where, 

The axial propagation Constant 
constants ic y  k2, k3  as follows 

k a 

x k b 3 	2 

X4  --=k3 b 
is related to the radial propagation 

a 432 + (02 tan ° € 1 

irat , p2 + 012 itio  E 2  

p2 + (.02 Moo  c  
i  

[19] 
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In order that the structure may support an unattenuated surface wave, th e  

axial phase constant f3 must be real which requires that the following in. 

equalities must be satisfied 

(02 Mo ci>ki 

(0 2 1120 C2> k22  

and k3  must be positive imaginary. k 1  and k2  are considered positive and real. 

3.5 Nnmerical Computation 

The characteristic equation [18] has been solved with the aid of a digital 
computer (Type 803, Elliot) to determine propogation constant as function of 
`I', 4s', 'a' and 

3.5 (1) Radial Propagation Constants 

The radial propagation constants k 1 , k2  and k3  obtained from the solution 
of the characteristic equation are plotted as functions of s/A 0, a/A0  and NA°  
in Figures 7, 8 and 9. 

3.5 (2) Guide Wavelength 

The variation of guide wavelength kg as a function of s/A 0, ailto  and b/Ao  
is shown in Figures (10-12). 

3.5 (3) Surface Reactance 

The surface reactance of the corrugated structure is given by 

z = j X s  = EVII 4:1 1, =b = R3  /j(0E01 [H0(1) (k3b)/1/11t) (k 301 	 [20] 

which is plotted as a function of siA o , 00, WA°  and AgriA0  in Figs. (13-16). 

3.5 (4) Radial Field Decay 

The radial field decay curves for various combinations of the structure 
parameters are shown in Figures (17) and (18), 	The values of E is norma- 
lised with respect to the field at the surface p =b. 

4.1 Uniform Dielectric Rod 

(1) lei  decreases with increasing a/A 0  and lc; increases with increasing 
ci/A0  and tends to become constant for large values of a/A 0  (See Fig. 2). This 
indicates a decreasing influence of large aOto on the radial field spread. 
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Stk o  

FIG. 10 
Variation of y X, with sl X 9  for corrugated dielectric rod 

s. Disc thicknees 	X,-Guide wavelength 
sa Disc spacing 	 Xi=3.14cm. 

=Inner rod radius 	x denotes cut off vallue 
b.. Disc radius 

(ii) The axial phase constant increases at first with increasing aMo. and 
tends in the limit to the value corresponding to a plane wave propagating in 
an infinite medium having ,42 and c same as that of the dielectric rod. 

(iii) The value of A.04 decreases wilh a/A 0  and finally approaches 
asymptotically the value 1/1/4„ ) . This corresponds to the propagation of the 
wave through an infinite medium having a dielectric contant Er,. 
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(iv) The uniform dielectric rod excited in E0 —mode has a cut-off radius be l ow which it cannot support a surface wave. For Ao  r. 3,14 cm and c,.. =2.56, the cut-off radius is about 0.9624 cms. 

et A 

FIG. 11 

Variation of X i/ X 0  with al X 0  for corrugated dielectric rod 

t.Disc thickness 	X O -Guide wavelength 

Disc spacing 	 7 o -3.14 cm. 

osInner rod radius 	x denotes cut off value 

b.Disc radius 
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b /X 0  -••-3.• 

FIG. 12 
Variation of )1/41/ X, with bl Ao for corrugated dielectric rod 

t.Disc thickness 	X,-Guide wavelength 
s. Disc spacing 	 A 0 =3.14 cm. 
a-Inner rod radius 	x denotes cut off value 
b. Disc radius 

4.2 Corrugated Dielectric Rod 

(i) Table 1. illustrates some combinations of the structure parameters 
for which the surface wave root does or does not exist. The combinations 
are not unique. 

(ii) The corrugation on an uniform dielectric rod influence the cut-off 
condition. The surface wave root exists for the value of 'a' as low as 0.2 cm, 
whereas, the cut-off value of 'a' in case of uniform dielectric rod is about 
0.9624 cm. 

(iii) The effect of structure parameters on the field decay coefficient 
can be studied from the radial field decay curves. It is found that the corru- 
gated rod possesses better surface wave characteristics than a uniform rod. 

(iv) The variation of surface reactance with guide wavelength and 
structure parameters is shown in Figures 13-16. For the combinations of 
the structure parameters used, the surface impedance is positive imaginary i.e., 
the surface behaves as an inductive surface. As the surface reactance of the 
structure increases, the guide wavelength decreases, oi in other words, the 
structure supports a tightly bound surface wave. 
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Variation of surface reactance with s/ X o  for corrugatei dielectric rod 

Variation of surface reactance with w N o  for corrugated dielectric rod 

r-Disc thickness 	Zo c Free space impedence-37 712  

s--Dtsc spacing 	 X0 1°3. 14  cm. 

a.Inner rod radius 	x denotes cut off value 

bsDise radius 
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biA 0  -lb- 

FIG. 15 

Variation of surface reactance with bl X 0  for corrugated dielectric rod 

Nc1/710 

FIG. 16 

Variation of surface reactance with X ej X, for corrugatted dielectric rod 

Disc thickness 	Zo — Free space impedance=377-0  
s.,Disc spacing 	 Xs =Guide wavelength 
a-Inner rod radius 	X9=3.14 cm. 
b. Disc radius 
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e iN CM —.--111• 

FIG. 17 
Radial field decay curves for corrugated dielectric rod 

f' N Cm

Fro 18 18 
Radial field decay curves for corrugated dielectric rod 

teDisc thickness 	
aminner rod radius 

s—Disc spacing 	
b_Disc radius 
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TABLE 1 

Effect of structure Parameters on the Surface Wave Root 

Structure Parameters (cm.) Parameters Existence of 
Varied 	Surface Wave Roots  s 	a 	 b 

- 	.9525 	1.5875 	s is varied 	Surface wave root 
from 0.1 cm 	exists throughout the 
to 2 cm. 	range of T. 

i 

1. .15875 

2. 0.15875 

3. 0.3175 

4. .15875 

5. .15875 

6. 0.3175 

- 	.9525 	1.905 	s is varied 
	

Surface wave root 
from 0.1 cm 	exists througout the 
to 2 cm. 	range of `s'. 

- 	1.27 	2.54 	s is varied 
	

(i) Surface wave root 
from 0.1 cm 	exists for all values 
to 1.6 cm 	of s from .5.10.1 cm. 

to s = 0.5 cm. 

(ii) for s > 0.5 cm 
surface wave root 
does not exist. 

1 	. 	1.5875 	a is varied 
	

(i) from 1=0.1 cm to 
from 0.1 cm 
	

0.8 cm surface wave 
to 1.5 cm. 	root does not exist 

(ii) fr.= a=0.9 to 
1.1 cm. the surface 
wave root exists. 

(iii) For a> 1.2 cm 
surface wave root 
does not exist. 

1 	- 	1.27 	a is varied 
	

Surface wave root 
from 0.1 cm 
	

does not exist for 
to 1.2 cm 	a=0.1 cm to 0.8 cm. 

0.5 	. 	2.54 	a is varied 
	

(1) Surface wave root 
from 0.1 cm 
	

does not exist for 
to 2.5 cm 	a=0.1 cm to 0.18 cm. 

(ii) from a=0.2 cm 
1.3 cm. surface wave 
root exists. 

(iii) for a 1.3 cm 
surface wave root 
does not exist. 
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TABLE I —  (contd.) 
Effect of structure Parameters on the Surface Wave Root 

Structure Parameters (cm.) 
Parameters 	Existence of t 	s 	a 	b 	 Varied 	Surface wave Roots 

7, ,3175 	1.6 3.175 	a is varied 
from 0.1 cm 
to 3 cm. 

(i) from a-0.1 cm to 
0.7 cm surface wave 
root does not exist. 

(ii) from a=0.8 cm 
to 1 cm surface wave 
root exists. 

MEP 

	

(iii) from a=1.1 cm. 
to 2 cm. surface wave 
root does not exist. 

(iv) from a=2.1 cm. 
to 2.4 cm. surface 
wave root exists. 

(v) For a> 2.4 cm. 
surface wave root 
does not exist. 

8. 0.3175 0.5 
	

b is varied 
	

(i) surface wave root 
from 1.3 cm 
	exists from 1) 1.3 cm 

to 6 cm 
	to 3 cm. 

(ii) For b> 3 cm 
surface wave root 
does not exist. 
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