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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 consiant,
constant percentage power contour as functions of physical parameters of corrugated
and uniform dielectric rods excited in Ey,—mode. The corrugated rod shows
hetter surface wuve characteristics than uniform rod.

1. INTRODUCTION

The present work is a part of the investigations!~' on surface wave
characteristics of electromagnetic structures that are being eonducted in the
laboratory. An extensive bibliography on surface wave study have been
given by Barlow and Brown!'!' 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'*>"'* 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
Ey—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 E,— mode.
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o 2. UNIFORM DIELECTRIC Rop

4.1 Field Campo;:ents

The field tomponents in the two medja (See Fig. 1) are

Pro2 MEOIUM |
€y Ho

MEDIUM 2 g
€o Mo *

Fic. 1

Circular cylindrical co-ordinate system for uniform dielectric rod

¢,=Psrmittivity of the dielectric rod mater:al €g= Permittivity of the fiee «pace
k9= Permeability of the free space p ¢z =Cylindrical co-ordInates
a=Radius of the rod
Medium |=Dielectric rod, # 2 a
Medium 2=Free space, P 24

Medium 1 : P =g
E., =B [(K})[jwe,] Jo(k\P) exp (—jB2)
E, =B [K'\B]we,) J,(K\P) exp (—jB2)

H,, =B k' Ji(k',P) exp (—jB2) [1)

Medium 2: P=a
E,, =D [(ky)jweg H{V(K,P) exp (—jB2)
E,, =D |K,Blwe) HPK,P) exp (jB2)
H,. =D k', HV(K,P) exp (—jB2) (2]

The radial propagation

: i f the form exp (jw?).
The time dependence i1s © constant B as follows

constants k', and k', are related to the axial phase

3)
which yield (5)

k’:z—k22=k2(€,1 - 1)
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; ' the material of th
where, €,, = €,/€q dielectric constant of ¢ rod

For E,—surface wave field, k! must be positive imagzinary. Therefore,
: 2

B> wimge,, Where Bis real. At X—band, w®mg€,>> w Me€q as €;> ¢, 50

only positive real values of k| 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.

E:l= o 47

Hyp =Hg, 16}

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

Xy [Jo(xl)fjg(xl)]=x2 €, [Hél )(xz)/H{I )(xz)] (7]
where, x, =k\a, x,=Fk,a |
. 2
d 3+ ﬁ = gﬂ) ( , -1
e ( j ) ( R g T T )

2.3  Numerical Computation

The roots of the characteristic equation (equation 7), x, and x, 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 €,;, =2.56 and A;=3.14 cm.

The variation of k|, k,, B and Ag as functions of ‘a’ is shown in

Figures 2, 3 and 4 respectively. B and Ag are determined from the follow-
ing relations

B ={w?nge, — (x,/a)2]'" 9]
Ag = Ag/[€,4 = X7 (Agf27a)?]M'? [10]

The theoretical radial field decay curves are shown in Fig. 5.
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Fig.” 2
Variation of fadial propagation constants with a/Ae for uniform dietectcic rod

k’, = Radial propagation constant inside the rod
k’y=Radal propagation constant outside the rod

a = Radius of the rod
ho=23.14 car.

3. CORRUGATED DieLECTRIC ROD

The corrugated rod (Fig. 6) consists of two media. The first medium 18
(P =a) is characterised by €,, Mo and the second medium (a=P <bh) by €2 iy

respectively.
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FiG. 3

Variation of axial propagation constant, B with a/ A, for uniform dielectric rod
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Fi1G. 4
Variation of A,/ Ay with a/ A, for uniform dielectric rod
Ag=Guid waveiength, a=Radius of the rod, Ag=3.14cm

3.1 Effective Dieleciric 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

€, =[(Ve,, - t+35)/(t+5)P

which is obtained by equating the optical path lengths and assuming plane

wave propagation in the medium.
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Radial field decay curves for uniform dielectric rod. a=Radius of the rod

MEDIUM 2

FiG. 6

Corrugated dielectric rod
e,=Permittivity of medium 1

a-Radius of the inner rod : ittivi e,

h-Radius of disc e; = Permittivity o ‘

r Thnickness of disc ¢, = Permittivity of free space (mediun 3)
o= Permcability of free space

s=Spacing between discs
Medium | : P =a

Medium 2: as=P=b
Medium3: #=b
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3.2 Field Components

The field components in the three media are

Medivm 1: P=u

E., = A, Jy(k, P) exv (—j Bz)

H‘!I '—Al JZ}E‘J (k P) exp(—.lﬁz)

E,1=A;jkﬁ-,| (kyP) CKP(-'_}'BZ) [12]
}

Medium 2: a<pPp=b

E,,=[Ay Jo(kyP) + Ay Yy (ka2 P)} exp(—jB2)

Hyogom J':""z (A, J, (kyP)+ A3 Y, (ko P)] exp (-j B 2)
2

Eﬂ-=.—';{-;’8- [Ay J, (k,P)+ A4, Y, (K, P)] exp(—j B 2) [13]

Medium 3: pP=5H
Ey=A4, H" (k;P) exp (—j B 2)

Jw €
H&'a"/‘h 2

HV (kyP) exp(—j B z)

E,,=A, ';'B H (k,P) exp(—j B 2) [14]
3

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=5 are
At P=gq,

and P =p,

E,=E, Hyy=H,,, €2E,=¢€o E, (16)
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3.4 Characteristic Equation

The following four equations are obtained by using appropriate field
components and proper boundary conditions.
Al Jo (kl ﬂ) _Az Jo (kz a) '_A3 Yo (kz a) -y 0

J, (k, a) _4. C2 Jilka) €,y Y, (kya)

A 2 A 0
1 kl El kZ ’ el k!
Ay Jy (kg b) + Ay Yy (ky b)Y — Ay HEY (kyb)=0
€, J, (kyb) €, Yok, b) HM (kb
3 2 Y1 -2 —+A3—-? 0172 —A4 “1 (*3 ) [17]
€ kq €o k, k,
The following determinantal equation is obtained from equation [17]
= Jo (Dx4) — Y, (Dx,) 0
| J, (%3) Yo (X3) - HV (x,)
- (1)
Bl Jl (XS) - Bl Yl (‘xi) Hl (Iﬂ
x; x‘
1 Jo (x,) " —
l
Jl (x,) ) A J, (Dxy) ___i_ EI(DE?.) "
D X3 D X3
Jo (x3) Yo (x3) —Hg" (x,) |
B Jy (x3) — B, Y1=(x3) *Hf”(x‘)
Lox X3 & (18]
where, x, =k, a A=¢€,/€n

The axial propagation Constant B
constants k,, k,, k5 as follows

:s related to the radial propagation

[19]
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In order that the structure may support an unattenuated surface wave, the
axial phase constant 8 must be real which requires that the following ip.

equalities must be satisfied
lﬂ'z #0 €l> kf

and k, must be positive imaginary. k, and k, 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
‘v’, ‘s’, ‘a’ and ‘b’.

3.5 (1) Radial Propagation Constanis

The radial propagation constants k,, k, and k, obtained from the solution
of the characteristic equation are plotted as functions of s/A,, a/A; and b/A,
in Figures 7, 8 and 9.

3.5 (2) Guide Wavelength

The variation of guide wavelength Ag as a function of s/A,, a/Agand b/A,
is shown in Figures (10—12).

3.5 (3) Surface Reactance d
The surface reactance of the corfugated structure 1s given by
2 =JXs = E[Hyl,p=lks | jwes) [HM(ksb)/HV (kb)) [20]
which is plotted as a function of s/A,, afAq, /A, and Ag/A, 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

(i) k| decreases with increasing a/X and k; increases with increasing
a/)lo and tends to become constant for large values of a/A, (See Fig. 2). This
indicates a decreasing influence of large a/A; on the radial field spread.
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Fig. 10
Variation of A,/ A, with s/ A, for corrugated diclectric rod
1= Disc thicknees Ag=Guide wavelength
s=Disc spacing Ae=3.14cm.
a-=JInner rod radius x denotes cut off vadue

b.Discradius

(i1) The axial phase constant increases at first with increasing a/]l,_aﬂ_d
tends in the limit to the value corresponding to a plane wave propagating i
an infinite medium having u and € same as that of the dielectric rod.

(iii) The value of Ag/A, decreases wilh a/A, and finally approaches
asymptotically the value 1/4/¢,,. This corresponds to the propagation of the
wave through an infinite medium having a dielectric contant ¢,,.
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(iv) _Thc uniform dielectric rod excited ;
below which it cannot support a surface wave
the cut-off radius is about 0.9624 ¢ms. |

N Ey~mode has a cut-off radjus
For Ay=3,14 cm and €,,=2.56,

£

0.15875Cm [0 15875 ¢m|

+ ) 1.0 em 0.5 ¢cm |
1.58750m| 2.54Cm
- - e al
Q.7 T SO DU, SPNIL I ST 1
V) " 0.2 o4

a/xg —*

Fig. 11

Variation of A/ Ao with a/ Aq for corrugated dielectric rod
t = Disc thickness A~ Guide wavelength

s =Disc spacing Ao=3.14 cm.
a=Inner rod radius x denotes cut off value

b~ Disc radius
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FiGg. 12
Variation of A,/ Ay with b/ A for corrugated dielectric rod
t=Disc thickness A,=Guide wavelength
s= Disc spacing Ap=3.14cm.
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.

(i1) 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, or in other words, the
structure supports a tightly bound surface wave.
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Fig. 14
Variation of surface rcactance with as X, for corrugated dielectric rc;i
r - Disc thickness Z,=Free space impedence =37
| i Ao=3.14 cm.
s=DISc spacing 0
a-Inner rod radius x denotes cut off value

b=Disc radius
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Variation of surface reactance with &/ Ay for corrugated dielectric rod
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Variation of surface reactance with A,/ A, for corrugatted dielectric rod
t=-Disc thickness Zy,= Free space impedance=3772
s~Disc spacing A.=Guide wavelength
a~Inrer rod radius A=3.14cm.

b=Disc radius
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Radial field decay curves for corrugated dielectric rod
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Radial field decay curves fof corrugated dielectric rod
1« Disc thickness a=inner rod radius

2= Disc spacing b _Disc radius
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TABLE 1
Effect of structure Parameters on the Surface Wave Root
- Structure Parameters (cm.) T — Existence of —
‘ . 'a b Varied Surface wave Rootg

1. .15875 - 9525 1.5875 s is varied Surface wave IOOI—
from 0.1 cm  exists throughout tpe
to 2 cm. range of ‘s’

2. 0.15875 - 9525 1.905 s 1s varied Surface wave root
from 0.1 cm exists througout the
to 2 cm. range of ‘s,

3. 0.3175 — 1.27 2.54 s is varied (1) Surface wave root

| from 0.1 cm  exists for all valyes
to 1.6 cm of s from s=0.1 ¢m.
to £=0.5 cm.
(11) for s> 0.5 cm
surface wave root
does not exist.

4. 15875 1 — 1.5875 ais varied (1) from 1=0,1 cmto
from 0.1 cm 0.8 cm surface wave
to 1.5 cm. root does not exist

(i1) from a=0.9 to
1.1 cm. the surface
wave root exists.
(iii) For a> 1.2 em
surface wave root
does not exist.

5. 15875 1 — 1.27 a 18 varied Surface wave root
from 0.1 cm  does not exist for
to 1.2 ¢m a=0.1 cm to 0.8 cm.

6. 03175 0.5 = 2.54 a is varied (i) Surface wave root

from 0.1 cm
to 2.5 cm

does not exist for
a=0.1cmto 0.18 cm.

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

(in1) fora 1.3 cm
surface wave root
does not exist.

s p———
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TABLE |- (contd.)

Effect of structure Parameters on the

T
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Surface Wave Root

Structure Parameters (cm.)

§ s a b

Parameters
Varied

Existence of
Surface wave Roots

7. 3175 1.6 - 3175

a 1s varied
from 0.1 em
io 3 cm.

b is varied
from 1.3 cm
to 6 cm

8 03175 0.5

(1) froma=0.1 cmto
0.7 cm surface wave
root does not exist.

(i1) from a=0.8 cm
to 1 cm surface wave
root exists.

(1i11) 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) Fora> 2.4 cm.
surface wave root
does not exist.

(i) surface wave root
exists fromb=1.3cm
to 3 cm.

(i) For > 3 cm
surface wave roo:
does not exist.
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