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ABSTRACT

The electromagnetic wave propogation characteristics of a circular cviindrical
metal rod of finite conductivity coated with a lossy dielectric have been investigared.
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 have been
determined and their variation with the different parameters have 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® 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 clectromagnetic surface waves. After Goubau,
several others have studied the different aspects of the surface waves.
Barlow®$, Brown?1?® Wait!!, Cullen'>'3, Zucker', Chatterjee'®'" have
contributed significantly to the understanding of surface wave propagation
in general. Colin'®, Bercili'¥, Semenov®®*!' and Kikuchi and Yamashita®®
have investigated the propagation over dielectric-coated metal wires in
particular. 1t may be noted, however, that in the course of their investiga -
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tions. Goubau and other earlier investigators considered the metallic wire
to be infinitely conducting and the dielectric layer to be thin and loss fres.
As far as 1s available from the published literature, it is found that there is
very little information about the surface wave propagation on metal rods
of finite conductivity with thick and lossy diclectric coatings. The object
of this paper 1s to present the results of the investigations on the propaga-
tion characteristics of clectromagnetic waves on a circular cylindrical
diclectric-coated metal rod. The metal rod is of finite conductivity and the
dielectric layer is thick and lossy.

2. GEOMETRY OF THE SYSTEM

k|

The geometry of the system under investigation and the paramcters
of the different media are shown in Fig. 1. The wave is assumed to be
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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 ‘ j8° (B is real and is called the phase constant).

y=a+jB=jB{l—"%} (2.1)
A time variation of exp (jw/) is assumed.

Medium 3 (p > b, Free space) is characterized by its permeability po
permiltivity ¢, intrinsic impedance 7mo = Vuoe, and wave number
kg = @\ py e, Medium 2 (a < p < b), the dielectric layer 1s represented
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by its permeability and permittivity normalized with the corresponding ones
of medium 3.

=52 =1 (assuming pq = pu,)

Ho
= €g . ~
& = o er [1 — / tan 3] (2.2)

where ¢ is the relative diclectric constant of the dielectric coating material
and tan 8§ is its loss tangent. The wave number k, in medium 2 is given by
ko2 = ko2er (1 — jtan d). Medium 1 (0< p< a, the metal core) is charac-
terized by its permeability u, (= p) and conductivity oc.

3. FieLp COMPONENTS

The field components of the TA{,, mode obey circular symmetry and
there is no variation of the field components with ¢’. The three nonvanishing
field components are Ez, £, and Hy. The wave equation (V7?4 w®pe)

s
E =0 is solved for the E, component. The solution of this equation is
of the form

E, = {[AJu (hp/b) + BY, (hpib)l exp(— yz) fora <p < b 3.1)
CKo (gp/b) exp (— y2z) for p > b
where
h = bVk?+ 92
and
g =jbVke® + v*. (3.2)

Jo (hp/b) = Bessel function, Y, (/ip/b) = Nuemann function and K, (gp/b)
— Modified Bessel function. The other two components can be determined

from Maxwell’s equations.

Hence, the field components are
E» = [AJy(hp/b) + BYq (ip/b)] exp (— =)

Hy = = J?:e‘f [A4Js (hp/b) + BY,' (hpib)] exp (— yZ) (3.3)

E, =12 144y (hplb) + BYS UpB)] oxp (= ¥2)



196 T. CHANDRAKALADIARA RAO AND R. CHATTERJEE

for a< p< b in medium 2 and
E; = CK,(gp'h) exp (—7y:2)

J(J:) E{]b

Hy' = CKy' (gp!h) exp (— 72)

(3.4)
EP oo :Tgb (‘K'“r (gpfb) Cxp ('— '}’:)

for p> b, 11 medium 3.

4. CHARACTERISTIC EQUATION

By applying the following boundary conditions, the characteristic
equation 13 obtained.

() E; = ZH, at the metal-dielectric boundary, p = a, where

Z == N/w““ / 45° = surface impedance at the boundary.

Te

(i1} The two tangential ficld components E; and H,' are matched at
the dielectric-air boundary p = b.

From the boundary condition (1)
Jothic) — (I — )Y GJy (h/s)

B=—Ay ey — (1 =) GYy (hle) (4.1)
where
(l- - k(jE Sfrh
g N
0 = ,\/ = skindepth
ke
and

o = bia.
Matching E; at p = b,

AJg () + BY, (I} = CK, (g)
or

i %J o (1) LYo (hfo) — (1 = j) GYy' (hio)) = [y (hjw) — (1 — j) Gy (h/o)] vy (h)
Yo (hlo) — (I — /) Yn (/1 03_ }

== C‘Kn (g).
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L B A e (4.8)

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

! !

- = s | — ) AR(/
5@ — efmy TU D ARM 4.9)
where
A = 0-5bky: oo
and
_1ring iy QW
R (h) -J[ O P,(h)]. 4.10)
Equation (3.9) reduces to the form
A
$(g) e f(M) 4.11)

when the conductivity (o) 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
h? ('__32 -2 __ L2

ofr
Nt 4 g2 = (ki — kod). (4.12)

Equations (4.10) and (4.12) ar¢c two equations in */4 ' and ‘g’. By
separating the real and imaginary parts of the two cquations, from the rela-
tions h = h, — jh, and g = g, — jg,, four equations in /i, /., g, and g, are
obtained. While making the analysis, the second order terms like /a/hy,
g./g,, a/f. etc., arc neglected in complarison with unity.

5. SoLUuTION OF THE CHARACTERISTIC EQUATION

For hy <€ I, and g, < g,, the functions f (/) and ¢ (g) may be dccom-
posed into their real and imaginary parts.
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FhYy = [y — jhs) = () — jhy [ (1)) 3
(using Taylors series)
= () + jilaN () > (5.1)
$(g) =& (& — jg2) = ¢ (g) — jeud’' (g2,)
— ¢ (g) + Jjewgs L (&)
7/
where
NG == ) f" ()
I
= j‘ﬂ (hl) [I — R(h])] + h]lg [l "!" zf(hl)]
and . P e
|
Lig))=—; ‘f’ (g)
= — $2(g) + {l + 24 (&)
J
This decomposition is justified if the following inequality is satisfied.
: )
€r
where
5 = skin depth
(5.3
Also ‘ )
Jhal L
I} -——-'h]_[l hl] h"
S0
R(h) = R(hy). 1
The complex characteristic equation simplifies to
. l
L2 (1= 0) A RO = 0y Y gL (8)

& [ fh) + ﬂ:lth (h)
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or
| ]hlhnN (hl) =il i o
GTm Ly ] 0= A Ry
. JggaL (g) |
= sl ] (5.4)
Separating the real and imaginary parts
]
i T A RM = 47y (5-5)
and
hraN (/) £182 L (31)
e fo Gy T O RUN =403 (5.6)

From equations (3.12)
(1.2 — jha)® + [gr — Jge)* = (ka® — k) b2
= ko2b? [e; (1 — jtan &) — 1] (5.7
2 — 2iinhs + g1° — 28182 = ko> b [e; (1 — jtan 8) — 1]

Equating the real and imaginary parts
Wb an =R 5.9)
2 [hyhs + g18a] = ko? b® ¢y tan 3. (5.9)

Equations (5.5) and (5.8) are solved for /i, and g,. Substituting these
solutions in (5.6) and (5.9), /i, and g, are found out.

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

(1) The ratio bja 1s varied from 1-02 to 100 in discrete steps at a con-
stant metal rod radius *a’ = 0-2cm. 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.

(1) The conductor radius ‘ a " is varied from | mm to | cm in the follow-
ing steps: (-1, -2, -3, 0-5, 0-8, 1-0cm.

(ii) The free-space wavelength A, is varied from 0-5¢m to 10cm
in discrete steps: (-5, |, 2, 4, 8, 10¢m.
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(tv) The dielectric constant ¢r 18 varied from gz very low value to very
high value. Only those dielectric matenials are considered whose dielectric
constants and loss tangents are known well at

ngs the op:rating f‘requency.
Fig. 2 shows the variation of the radial Propagation constan{ (rea
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Iib) inside the diclectric layer with b/A,, for A, = 32 cm.

T. CHANDRAKALADHARA RAO AND R. CHATTERJEE

Fig. 3 shows

the variation of the radial propagation constant inside the dielectric layer
(rcal part I,/b and imaginary part /.’h) with frequency for ¢ = 2-56.
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FiG. 3. Variation of the radial propagation constant inside the dielectric layer (real
part h,/b and imaginary part /iy/b) with frequency ¢ = 2-56,

Fig. 4 shows the variation of the radial propagation constant outside
the dielectric layer (real part g,/b) with bjA,, for Ay =3-2cm.

Fig. 5 shows the variation of the radial propagation constant outside
the dielectric layer (imaginary part g./b) with b/A, at Ay = 3-2 cm,
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FiG. 4. Variation of the radial propagation constant outside the dielectric layer (real
part g,/b) with bfAs. Ay = 3-2cm.

Fig. 6 shows the variation of the radial propagation constant outside
the dielectric layer (real part g,/b and imaginary part g./b) with frequency
for e, = 2-56.

6. ATTENUATION AND PHASE CONSTANTS

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

2
_5§ = ko — p? =ko® +7°
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FiG. 5. Variation of the radial propagation constant outside the diclectric layer (ima-
ginary part g,/b) with bjA,. Ap= 3-2cm.
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— Jo. )2
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FIG. 6. Variation of the radial propagation constant outside the dielectric layer (real
part g,/h, imaginary part g:/h) with frequency. ¢, = 2°56.

where
- % o - = .’.“) - 2 ng
B‘[l -—-'%1] .—:-'kn +(81 “"'gbij'"“"“.’ :
— &° 28,8 ,
B2 — 2jup = [ o+ “5'2*& ] . J_E:_g (6.2)
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Equating real and imaginary parts

0 F 2 - 2
B.=k02 ll ‘gl b;; g2 (6.3)
and
__ 8182
af = Tt
€ = 48 €p = 2.56
i L .
_ e
2.05F o 3.0 | -
5 5
1 o o
T . "
L)
<

B
\

200 2.0
1
— -
| i
O O 0.9 0.2
!
= 40 )
b0~ -
3.5 .
k
! 4.0F g
S r ;
e
R O b=
{w] 30
of
35
& i
ofl
25
L 3
3.0 -
2.0r
i i 2.5 [ ” I
O Q. 0?2 0.3 O 0.1 Q.2 03

0/7‘0 —_—

FiG. 7. Variation of the phase constant (B) with a/A. A= 3-2cm.
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Hence, the Phase Constant
e e “.{12_‘:}?22
B'“\/"“ B (6.4)
and the attenuation constant

QT
—— 182

o [}ZB' (6.5)

Fig. 7 shows the variation of the phase constant 8 with a/A, at
,\“—_.- 3:2 cm.

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

Figs. 9 (a) and (b) show the variation of the¢ attecnuation constant a
with b «.

Fig. 10 shows the variation of o with frequency for e = 2-36.
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! /_ Ap* 32 Cm
13 |-
i
' 12
.nh 11
E
T ot - 25.9
i
* "
dk VI __Jm
= 15
7}
10
- 45
— 7.0%
P 318,
7 04
27 %6
_ s e Ez 28
z.00
1.3%
f.1
| 1 ] i
’ i 1 L 1 S S W 1 A | 20 80 100
] ; 4 6 8 10 20 40
- h/u —

FiG. 8. Vaciation of the phase constant (B) with hla ratio.
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Fic. 9 (a). Variation of the attenuation constant (¢) with b/a ratio.

The Guide Wavelength

After determining the phase constant B, the guide wavelength is cal-
culated from the relation Ag = 2n/B,

Fig. 11 shows the variation of the guide wavelength (Ag /A,) and the phase
velocity (vp/c) with bja ratio.

7. THE PHASE VELOCITY

The phase velocity v 7 is given by v == w/B. Normahzing v with respect
to '¢’, the velocity of light

v w

——

g =k_0= ko
¢ Ppc B p*

ot et gt

- ———

I

b*(er — 1) [k02 + 31_2_'_;3_ gf]

5
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FiG. 9(b). Variation of the attenuation constaat (a) with b/a 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, ¢’ and z directions is given by
PP == ’E Re _[ J. [E,;,f Hz* =t E2H¢'*] qu{’, (!:
S

P¢ = % Re _[ ér [Esz* — EpHZ*] de: P (81)

and

Po=4+Re [ [ [E;Hy™ — Ey' H,*] pdpidz
$

(.1.5¢. J—2
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Fig. 10. Variation of the attenuation constant {(a) with frequency. € = 2-56.

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

Py = Osince H,, H, arc non-existing.
It so happens that, P, turns out to be purely reactive. Pz simplifies to

Py=%[[ E,Hyg* pdpdz.
3

This expression is obtained by directly integrating the Poyating Vector over
the cross-scction,
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Fig. [1. Variation of the guide wavelength (A,/d) and the phase velocity (vpic) with
bia ratio. a= 0-2 cm.

While calculating the power flow we make the following assumptions:
(@) the distortion of the field in the dielectric layer due to the finite con-
ductivity of the conductor is neglected, ie.. 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, (6) the field strengths are
assumed to be given by their effective values.

The Field Components in the region (a2 < p < b) are

E, = Al (&) — 229 vy (O)exp(—va) |

Yy (H)
= A [P (£)] Yo (u)] exp (— 72) | ) (8-2)
H¢,' = — J;: -Ezb A };ﬂ((j)) exp (—yz) !
and
=
EP — ;;";2 H¢
where
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Outside the dielectric layer (p > b)

E; = CKy(¥) exp( — yz)

Hyp = f“:" bCKy () exp (— v2) (8.3)
Ep = I}/U)f“f{¢f
where
i =< gp b
The mcan power which is propagated in the =-direction in the diclectric layer
1s
2w b
Ps=Psyz= [ [ E, x Hy* pdpdd’
¢’=0 p=a
b
- = P 2
_Zﬂf s IH‘I,' Pdp
p=a
" bt P2 (§)
= — 2ap — (wes) e A? v, () pdpdd’. (8.4)
p=a
Let i

__AP(h) _

be the cfiective valuc of the longitudinal clectric ficld component at p = b.

Also

=P
£=p
at
p=b E=/
at
p =, =I_;)a = filo = u

£ = hplb. dg ="

b‘..".
de . fl-z ft’[f
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A
Pem P =2n [ pue Bt 4270 8
) 7“ Perey jo A Yo© (1) h? <dg
A
= 'ﬂ'b'l P?Uf Eo’ f 2 (€) EdE
=T 2 !?2 UI) / ) G(8e
— 9 ‘Eb‘f Bku 2 | * ra ;
'E{ Mo = }/r’ Pﬂ(lz)f PRAE) gde. (8.5)
The indefinite integral
| €P"*(€) d¢
._..l 2 - 2 ’ ra
=, B PO+ POPE) + P2
- ¢
Hence
5
[ EP2EdE=LIPE(W) NI
where
NU) =720 [ — RUD) + 276 + 1] . (8.6)
The power carried by the dielectric layer will hence simplify to
] l i
P2=Pﬂ (.E.') =2€rPuI?l‘_PE‘(hj2h4 P' (II)N(;I) (87)
P, = Pyy = €. N () Pgy (8 .8

where
_=b pk oF o’
Mo

P, ts the unit power.

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(qg = 1)
o0 27
Py = Py = | qb_[ EPH¢w* pdpdd’ (8.9)
p @'=0
- P Eb_ﬂ o I 12 /
=2 [ P (wep)? Ty C* Ky ) pilp
pw ey 4
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lll = gp,’l}, l’!lli — ‘gdp

=T it
PP—EQW'#.

AS

p —>r 00, 5[‘ —> 00,
At

p=qb, ¢ = qg.
Hence

B

Py = Py = 2npwe, %y C2 J Ko'® () . (8.10)

So

2m H? '
Py = Py = TP L0 f K () gt

=2{™ P g2] ., ., (g)J Ki? () g (8.11)

The indefinite integral

J KR W) pdp = 3 K2 () ° — Ky () Ko (B) — W* K2 () (8-12)

After some simplification, this reduces to

§ Kb =", ¥ K §) L)

where
Lig=— 4@ + 26 () + 1]
and
l K1 (g)
?(8) = ¢ Ky ()

g

J?? Ki* ($) pebip = [725&‘ Ko* @) L (l.b)_]q1IJ . 8.13)
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AS §h— oo, the above integral varies as and henec tends to zero

_p b (g,
Py Paz-—-lf’ogf;K“a(g"j 5 Ko®(qg) L(qg).

In the particular case where we are interested in the power transmittcd
outside the diclectric-coating (Medium T111) p=>b, q=1.

Hence

(8.14)

3 = P3(2) = PyL (g).

The total power carried by the wave is

P =Py + Py =Ps+ Py = Py[e;N(h) + L(2)) (8-15)

Fig. 12 shows the variation of the power carricd by the dielectric layer
with b|a ratio.
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Fic. 12. Variation of the power carried by the dielectric layer with bla ratio.

Fig. 13 shows the variation of the power travelling outside dielectric
layer with b/a ratio.

Fig. 14 shows the variation of the relative power distribution (power
propagating inside and power propagating outside) with frequency.

Fig. 15 shows the constant percentage power COntours.
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Fig. 13. Variation of the power travelling outside the dielectric layer with b/a ratio.

9. MaxiMUM PowerR HANDLING CAPACITY

When transmitting pulse signals of large duty ratic, the maximum power
is determined by the clectrical 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 E, and E; are in phase quadrature.
The ratio of their absolute values is

1Epy _ bPKi(g) _ 9.1)
| Ez | g Ko(g) pé (&): | s
This ratio is larger than unity for all values of the surface wave line para-

meters and we must take Epmax = Emax- The maximum value of the con-
ventional unit power Py using (9.1) is

. wbke
2pned* (g)

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

_ b ko {erN () + L(8)} L., 9.3)
P 2m9 p $*(g) E g (

P{lmu Epﬂma:- (9 . 2)
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FiG. 14. Variation of the relative power distribution (power propagating inside and
power propagating outside) with frequency. e = 2'56.

Fig. 16 shows the variation of the power handling capacity (Pama) With
hiA,. |

Fig. 17 shows the variation of the power handling capacity (Pema) Wwith
frequency.
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10. CHARACTERISTIC IMPEDANCE AND SURFACE IMPEDANCE

The characteristic impedance of a surface wave line is usually defined
as the ratio of the total transmitted power Lo the square of the current /g
flowing in the_inner conduotor

P == IaEZa — [2FaH¢' (ﬂf)]2 Za. (10 . l)
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We can also have another definition based on the equivalent current /p in
the external surface of the dielectric.

Py = Ip? Zp = [2abHy (b)] Zb. (10.2)
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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

Fi = I_ggﬂ Pt P (012 [N () + L (g)] (10.3)
o plaNM + L) n pleaNU) + L(g)
Zo =gk ifi(h) . T ank g (10.4)

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

_Ez _  m__ 10.5
Zs = i . = bkfT0) " .2

Figs. 18 and 19 show the variation of the characteristic impedance Z,
with & 'a ratio and a/A, respectively.
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Figs. 20 and 2] show the variation of the

: surface resistanc : !
ratio and frequency respectively. ance Rs with b/a
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-
=
D

b/a ——>

Fi. 20. Variation of the surface resisiance (Rs) with bfu ratio.
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11. 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 7E,, mode by a 723.
A;B 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
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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 TA/,, mode on the dielectric
coated conducting cylinder is stmilar 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.

Klystron feed.-—The Klystron 723 A/B 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 Eund 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 A/4 or A/2 probe connected to a coaxial
adopter ard detecting section. The probe along with the accessories s
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 H-, 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 reflecior voitage, 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 | mm in the z-direction
and each time the d.c. p A reading is noted. As we rmaove the probe in the
longitudinal direction parallel to z-axis, we get the standing wave pattern
from which the guide wavelength is determined by linding out the distance
between two conseculive maxima or minima and multiplying it by 2. A
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dipole probe is used for
medsurement of £, and a )\/4 -
; . 4 prob
I?Iext the probe .13 moved in the radial direction in ste]fs, ofells i "
ttme the d.c. microammeter reading is noted down which s the -y
decay of the field component. W s

Figs. 24 and 25 show the calculated and measured B and Ag/A, vs. bla
0 M .

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 glectromagnetic waves
over a dielectric-coated conductor by different authors considered the con-

ductor to be infinitely conducting and the dielectric coatings to be lossless
information about the propagation character-

and thin. 1t provides very little
al conductor thickly coated

istics of electromagnetic waves over a cylindric
with a lossy dielectric material.

10
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Fic. 25. Comparative study of the guidc 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 faitly 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 B, the guide wavelength
A,, and the radial field decay occur approximately at the same b/a 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 dieclectric coatings
compare very well with the results of previous workers like Goubau®~ and
Semenov0-21,
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More details of the above investigations are reported in (23).
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