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ARSTRACT

The characteristic equation fora surface wave line load<d witn uniformly
spated thin metallc discs excited in Fy mode has been derived. The effects of
spacing and groove depth on field distributions have besi studied, Considering
the existence of only the fundamental mode, the radial field distribution curves as a
function of groove depth and spacing show the surface wave nature of the disc-
Ioaded structure. Solution of the characteristic equation shows the existence of
pass and stop-bands which have been represented graphically in the form of
dispersion diagrams.

INTRODUCTION

Theoretical and experimental investigations on corrugated surface wave
structure by several aubors'™!! have emphasised essemtiully cn the surface
wave character of such structures when the spacing between discs is very
small compared to the wavelength of excitation and groove depth. The prasent
work has been motivated with the object of studying not orly the surface
wave character of the structure but also to find out the characteristics of the
type of wave that can exist when the restriction on the small spacing is removed.
This investigation forms a part of the programme of surface wave work!?~"7
on guiding or radiating structures that is being carried out since the last
few years. The paper presents a report on the derivation of the field om-
ponents taking into account the existence of the space harmcnics. Treatirg
the problem by boundary value methods, the characteristic equation involving
the fundamental as well as the space harmonics has been derived. The
characteristic equation has been solved graphically and the roots of the
equations thus obtained have been checked with the computer solution.
The fleld distribution diagrams drawn by utilsing the roots of these equations
and the field companents show the surface wave decay in the radial directions
and the decay is found to be independent of the longitudinal coordinate
Dispersion diagrams for various spacings have also been drawn,
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Fiezp COMPONENTS
The field components for the cylindrical surface wave ag derived from
wave equation in cylindrical coordinate systems (p, b, z) are as follows
E,=CH (jypYexp(jB2)
B, =(CBIv) HS (jvp)exp(jB2)
Eg=(C¥fwuy) B (jy p)exp (j82) iy

where,

Time dependence has been assomed to be exp {  jwt), =y 443
% w+ ' ugeo). and the Hankel functions H’s have becn uscd to satisfy the
condition at infinity.

The field expressio s given in equation [1] are for a uniform smooth
cylindrical rod. By tuking into consideration the periodicity of the structure
{Fig. 1) the field components in region {1} are

EV e Z CaH (fymp) exp () m2)

me= -

EV e X Colfnlrm) HS (Giympdexp (J Bm )

B = 3 ColRlwya) B (7, 6) 050 () 2]

where,
Bu=fo+Qrmfl)and m=0, £1, +2, ...
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The effect of periodicity has been taken into account by introducing th
z-dependence as exp s |B+{(2mmn/L)z] which is a consequence of Floguer,
theorem.

A single section of the structure composed of any two adjacent discs and
the central rod can be regarded as a radial transmission line shorted at one end,
In this case a T E M wave can be supported provided the spacing between
the discs is very small compared to the wavelength. The field components
for the radial transmission line are
B~ A[B Y (koY B (ka) ~ HE (kca) (B (k p)] exp. (j fon L)

Hy = d [Vl B (kp) HiP (ka) = B (ka) HE (k o) exp(j fon L) [1]

where n =0, 1, 2...represents the particular groove from z = 0.

CHARACTERISTIC EQUATION
The variation of the axial electric fisld £, (8, z) for the n-th groove over
its mouth p - b s
E. (b, 2) = Bexp (jBon L)Vt~ 22,/ W JP] 4]

whers, 2, =z, —nL is the distance from tbe centre of the #-th groove and
the excitation constant is represented by B For each section at the mouth of
the groove {p=5) and over the range — co=z< co of the structure the
following boundary condition holds good,

EP(p=b)= 2 CaHY(jynb) exp (jfmz)

{Bexp(jn Fo L)/V/[l -{2 zn/W)z]: }‘zn! < H/['Z {5}

0 . B2zl <L)2

The value of the amplitude constant C,, is found from equation [} by
multiplying equation {5] by exp (—7fnz) and integrating over the limits
nL-{W[2) 1o nL + W/2 as follows :

Co=l=wB)/22]} 1o (B, WIIHE (jymb)] fel
The amplitude constant A4 is expressed in terms of the constant B by

matching the average value of E, in the two regions at the mouth of the
groove p = b, This gives,

A={B=/4j) R (ko)]? e {7

where,

F(kb)m dy (ka) ¥, (kb)Y = ¥y (ka) 7. (k b)
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By matching the azimuthal component of the magnetic field H; in the

(WO regi_ons at p = b after substituting the values of 4 and C,, in the equations
[3] and (2] respectively, the following characteristic equation is obtained,

kW5 g (B WD sin (R, wf2) K (Y, 5B () .

b -
L ows e Yo A B W[2) K ) Fy {kk)

where ‘
Fy (kb)Y = Jo (ka) ¥, (kb - Yo (ka) 7, {kb)

Fo (kb)) = Jy (ka) Yo (kb) — Yy (ka) Js(kB)

SOLUTION OF THE CHARACTERISTIC EQUATION

Assuming thal the structure is such that it supports only the fundamental
mode the characteristic equation [8] reduces 1o

2%k SfBo Ww/[2) sin (8, W/2) _&(Joi)_ _.h k b) 5]
L fova Ko (yo &) Fy(kb)

By assuming that Py and yy are real, the above characteristic equation is
solved by successive bisection method to yield the roots of the characteristic
equation. Some of the roots are tabulated below. It is to be noted that
the roots have been calculated to seven decimal placces and they are approxi-
mated to two places in the table for convenience.

Taprg |
Roots of the charactetistic eguation {9)
\\ . - P AT ) ’
in
Wi\n\m"s' 8 2 22 2.4 34 36
cms, \
2 1 96 217 2.84 5.66 1.97 2.14
4 096 218 283 4.87 1.97 2.16
K 1.96 2.16 2.70 4.08 1.97 2,14
.8 196 2.12 2.54 3.30 1.96 2.1t
1 1.96 2.0% 2.39 308 196 2.07
1.2 1.96 2.05 2.27 2.76 1.96 2.04
1.4 196 2.02 2.17 2.52 1.96 201
1.6 195 2.00 2.69 2.33 1.96 199

1t it noticed that the characteristic equation has roots only for particular

combinations of b and W.
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ErereT OF HARMONICS

in equation {8] the fundamental mode correspruds to m =0, the next
term of interest is the one correspending to m= — 1. Considering only upto
the first backward space harmonic 2= —1, the characteristic equation [8]
reduces to

20 [ 70 (8o w2 sin {20 /2) £ (y0 B}
L Bovo Ky {vob)

P it S 1]
7 (kb)Y (1]

Sf{a wsin (g w2 K Iy p) ] 7k B)
e e T e
By ¥ Ko(y-ib)j

1t is found on computing the roots of this equation that for very small
spacings they are the same as that of equation [8]. The field distributions
considering the fundamental and the first backward srace harmonic are

E e CoHE (jyap)exp(jPoz)+ Coi HP(j¥ p) exp (J for2)
Eo=Co{Polvo) HS {Gyop)exp(J foz)

+Coy{Baly ) H{" {jy_p)exp(jBrz)
Hy=Co(Kfw pye) HY  {fropYexp (j foz)

+ oy (K py-) HE (v pYexp (j oy 2) fu1]

whers,

L aWB A (W)Y
(‘,) [ e e

1L OHG (jreb)

w BB LB WD)

Coy w28 Aolpalidl

2L H Py b)
The modulus of the tield components, for example,
FEd = {{Co 88" (ivapheos (Boz) + Coy HEY vy p) cos (3, O
+{Cot" Livop)sin(fo2) + Coy HEY (oo ) sin (B, )P} [12]

shows that the radial decay is a function of z

FIELD DiSTRIBUTION AND DiSPERSION DIAGRAMS

A large number of field distribution diagrams for different combinatiors
of spacing and grooe depth have been computed from equatice [8] Some
of the results of the radial field decay are shown in Figs. 2—5. A dispersion
diagram also has been computed and is represented in Fig. 6.
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Field distribution diagrams, W=0.2 cm,

() b=1.8 cm,, (ii) b=2cm., iii) b=3.4cm.

Field distribution diagrams, W=0.4cm,
(i) b=1.8 cm., (1) b=2 cm., (iii) b=3.4cm
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Field distribution diagrams, W=0.6cm.
(i) b=1.8 cm., (ii) b—=2 cm,, (i1ti) b=3.4 cm.

Field distribution diagrams, #'=08 cm.
@) b=0.8 cm., (i) b=2 cm., (iii) b=3.4 cm.
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Dispersion diagrams, Adiskd
i) WelZom., (Ui W=itdom., (bh; W=16cm.

§

f z-t2l worl on the propagaticn characteris-
18 of dise-loaded siructnre encited by Ep wave are under progress,

Coa Ll st

Toe abise " o0 L0 tead to the folicwing conclusions,

1. The radial fleld decay curves show that the siructure can support
sirongiy bound surfece wave for only certain combirations
¢f spacing and groove depth,

3o The e o fleprany revenls the existonce of pass and stop
tunds which are generally the characteristics of a periodic
struciure
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