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ABSTRACT

The propagation characteristics of the HE ;-mode launched on a circular cylindrical
dielectric rod wave guide, such as the radial propagation constant, the axial propagation
constant and the guide wavelength at 3.2 crus. wavelength have been studied theoretically
asa function of the diameter and the dielectric constant of the rod. The electric field
distributions and the power flow as a function of the diameter and the dielectric constant
ofthe rod have also been calculated for both inside and outside the rod,

INTRODUCTION

Several authors'™" have investigated the propagation characterstics of
electromagnetic waves launched on dieleciric rods, planes, conducting plane
with dielectric coating, corrugated plane and cylindrical conducting structures etc.
The object of this paper is to present a theoretical study of the propagation
characteristics of the HE;i-mode launched on a circular cylindrical dielectric rod,
with particular reference to the variation of

(i) the radial propagation‘ constants 4; and k. inside and outside the
dielectric rod respectively as a function of the diameter (d) and the relative
dielectric constant (€,) of the rod at a wavelength of A¢ = 3.2 cms,

(i) the axial propagation constant v as a function of d and &
(iii) the guide wavelength A, as a function of & and ;.

The electric field distributions (E,, By, E.) inside and outside the rod of
dielectric constant e, = 2.6 and of different diameters have also been calculated.
The power flow inside the rod as a percentage of the total power flow has also
been calculated as a function of d and ¢ and some of the results are presented
graphically.

Field Components: The field components inside and outside the circular
cylindrical dielectric guide of radius r are the following!® :—
Inside the dielectric, p =7 (Medium 1)

Epy = —B[ Ji (ke p )+ I 11_1 J, (klp)]smqﬁ e
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Outside the dielectric, p 2 r (Medium 2)
Ciw €2

Epp= — C[—i— H (lop) + = .llk’éHgnl (%, P)] sin gre™s

Egyy= — C[kz HY (kg p) + -5 ! 22 g0k, p)] cos gpee” Tt
C p lwey .

E12=C[—£~ K Hm(kzp)] sin ¢pre”7e*
Ciwen

sz_c[hkz g (&, )+ H(l) (kzp)} cos pre™e

1
Hyp = —Cl L2 g (k, P+ £ k2 o (kZP)J sin e
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k3 o)
Hp= ~Cl—— H{"(kyp)| cos pre™7s" - [
few pa

©
where k; and k; are the radial propagation constants, y; and yy are the axial
constants, u, and uy are the permeabilities of media 1 and 2 respectively,
€1 and e; are the dielectric constants of the two media, b, ¢, B and C are constants
to be determined by the boundary conditions. The Bessel function J; (x) and
the Hankel function H{" (x) have been used for the field components inside



Radial propagation constant
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and outsi.de the guide in‘order to ensure the regularity of the field on the axis
of t'he'gulde an.d to satisfy the condition at infinity respectively. The time
variation exp.(jw?) has been omitted from eqn. [2] for conveniencs.
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Fig. II
Variation of the radial propagation constants &, and £ with ¢/ xe (ne=3.2 cms)
(As k, is imaginary—i ks has been plotted)

Boundary condition: The following boundary conditions at p =r are to be
satisfied :—
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Ey= E,, Em = E;»z (a)
Hoy = Ha, Hyy= Hy (5 &)

It is also necessary, for a single hybrid mode to exist, that

Ve g2=y = V- 0y o) =~V - 0’ e;) {4}
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Variation of the axial propagation constant v, with 4/ x for =32 cas,
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Characteristic Equation: From the equations [1], [2] and [3], the
following equations are obtained :—

, c
By I, (ky7) +~b—v-,—y—-71 (kx 1) =Chky HY (kyr) +—- ’.‘Y‘*Hl(l)’ (kar)
r o ltuwe ' lwes

Han)=c- "2 1 (k) [s]

b

iweg

£ . T-'y——Jl (kl r) +bky Jll (kl r) =£- —L— Hlm (kzl') + Chy me’ (kzr)
r 1w g Foolw My

3 B g -c B % B ) [6]
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Fig. V
Variation of the axial propagation constant , with €, for d/ xe=0.8 and »e=3.2 cms.
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The equations [5] and [6] have a nontrivial solution if the determinant of the
coefficients of the constants b, B, ¢ and C vanishes. Expansion of this
determinant leads to the following characteristic transcedental equation.

[L'J{(xl)_ A (xz)}’[__g__J; () 1 HY ()]

x Alx) x HY(x) X Jix) X HV(x)

(G- - xd)
= MU XX € M) 7
Xt x5 rl
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Variation of ag/ne With d/x, for the HEy-mode (n,=3.2 cms)-
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where xp=kir; xa=kyr [5]

and x; and x, are also related by the following equation :—

Solution of the Characterstic equation : The characterstic equation [7] has
been solved in the following way:—

Let
yo o[ LA C) LB @J.[@.f{(m _LEPG) ] g
PR nGa) T ok B () X Jilxy) xe HP(x)
x} = x5) (xF = &1 x3)
and Yg:-————-—(YI 2.___5 ‘4_.__“.;_ 1]
x§

¥, and Y, are expressed as a function of x, only with the help of the equation [9].
The values of (x,/i) are calculated corresponding to some arbitrary values of x,
for a particular value of d/dg and €. ¥; and ¥, are then plotted as a function
of x;. The intersection of ¥; and Y5 gives the root x; and hence X, of the
equation [7]. The procedure is repeated for different values of dfAy and ;.
As an ilustration the graphical solution for d/)o = 0.8 and ¢; =2.6 is presented
in Fig. L. .

Radial and Axial propagation constants :—The radial propagation constants
ki and k, are calculated from equation [8] They have been plotted as a
function of df)q for &, =2.6 in Fig. I, and a function of %, for a'/)\o =0.8 in
Fig. 1. The axial propagation constant y is calculated from equation 4] and
its variation with d/A; and & is shown in Fig. IV and V respectively. It is
observed that k, decreases and k, and v increase with increasing values of
d and ¢, and this gives rise to the reduction of the radial field spread.

Guide Wavelength: The guide wavelength A, is obtained from equations [4]
and [9] and is as follows :—
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The values of Ag/)to as computed from the above expression are plotted in
Fig. VI as a function of dfA, (from 0.2 to 1.8) and %, = 2.6 and as a function of
%, (from 1 to 10) for dfdg=0.8 in Fig. VIL. It is observed that A, decreases
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Relative dielectric constant g7, of the rod

Fig. VII
Variation of j\g/xy with €, for the HE;-mode {d/),=0.8, \y=3.2 cms)-

with an increase in < as is expected. The decrease of A, with an increase in
the diameter of the rod may be due to the increase of y, as an increase in
v (= 1iB) for a lossless wavegnide reduces the phase velocity of the propagating
wave. The reduction in phase velocity is responsible for the decrease of Ag
with increase of d.

Field Configuration :—The constants. b, B, ¢ and C as obtained from
equations [5] and [6] are given by the following expressions :—

x Alx)  x HY (x)

b yve .x%—x%_ ﬂ];(xi) e HV)'(X:)}" [13]
B ieowm xixg'
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2

¢ x ue Jilx)
L L M2 VIR 14
B X% I3 me(xz) [ ]
oA o Al [15]
b X3« H{(x)
e _ve d-x [a ) _ o &£ ()]

and S T s T T ey [ e}
C iwu %% |x Lx) x BY()

The econstants are evaluated for different values of d/Ay and'e;. The electric
field components (E,, £ and E,) inside and outside the rod are then evalvated
for different values of d/)\o and some of the results are presented graphically in
Figares VI, 1X and X. The values of the field components have been normalized

Radial distance in cm.

Fie. VIII
Variation of the radial component, Ep of the electric field with the radial distance, p .
(‘€1 =2.6, 3=3.2 cms).
(Ep has been normatized with respect to its value E; on the surface of the rod)
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with respect to their values at the surface of the rod. The decrease of k; and
the increase of ky and y with the increase of d are responsible for the reduction
of the field spread in the radial direction.

Power Flow: The power flow, w;, along the z-direction inside the rod per
unit area is given by

1 * *
W= Bt Hyt = Byt Hpy {17]

The power flow inside the rod is

1 r 2n « N
Wi=— [ J Echu—EcuHm]pdpdgb [18}

p=0 $=0
which yields

b 2\ f
W,:aBZ[;r.kl<l~ s ) j‘Jo(klp)Jl(kIp)dp

s @i €
p=0

J Jo (R p) i (s p) dp
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+ T’ﬁl —— J ol (K P)Z]dl’] [19]
i\ B o«
P=0
The power flow outside the rod is
d om
# *
Wo=% f [Ey, Hy, — Egy Hil pdpdd {20]
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Radial distance in ¢m
Fie. IX
Variation of the azimuthal component E¢, of the electric field with the radigl distance, ,.
(€,=2.6, 3o=3.2 cms).
(E$ has been normalized with respect to its value E; on the surface of the rod).
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Ez [E

Redial distance in cm

Fig. X

Variation of the axial component, E, of the electric field with radial distance p.

{1=2.6, Ag=3.2 cms).
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Percentage power flow inside the waveguide vs. € (do=0.8, =32 cms).
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which yields

Wom | Lmby (1~ —2
’ [sz( w’pae

[ H{" (ks p) HE (ley p) dp
o

aykyf 1 & 1) @) )
TR _+~.~) HiV (ky p) HL (ley p) dp

fw

(7" (2 p)Pdp

§f tm——y
® |

.
_f_ﬂ(‘- - H L HO (ko )P dp
c p

; .
+1T_7_’fz(_1_+i i) f s [H((,U(k;p)]zt/p} 1]
p=r

Ziw M2 Cz €2

The expressions for W; and W, are evaluated by numerical integration for
different values of d/dq and §;. From these values of W, and W, Wis
expressed as a percentage of the total power Wr flowing in the rod and some
of the results are presented in Fig. XI and XII

o (wiw)

Wr 1+ (W/Wo)

It is observed that the power flow is more and more concentrated inside the
guide as the dielectric constant or the diameter of the rod is increased. This
is justified by the fact that the radjal field spread is reduced as d or € increases.
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