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ABSTRACT

The surface wave characteristics of a circular cylindrical conductor coated with
stratified dielectrics have been theoretically studied.  Six different  profiles ¢ (p)
of dielectric constant in the p-direction, viz., square, fourth power, exponential etc.
have been considered.  The results of analysis indicate greater  concentration of
surface wave field within the dielectric media when the conductor is coated with two
concentric radially stratified dielectrics satisfying square-law and fourth-power-law
profiles. The attenuation constant is also less compared with that of a conductor
coated with homogeneous diclectrics.

Key words : Environmental eflect, surface wave characteristics.

1. INTRODUCTION

RECENT reports [1, 2, 3] on the surfiace wave characteristics of a dielectric
coated conductor immersed in an external dielectric medium show that

(i) the dielectric constant of the environmental medium has significant
influence on the characteristics of a surface wave structure,

(ii) the surface wave characteristics depend on the ratio of the diclectric
constants and also on the loss tangents of the inner and outer diclectric
media, |

(iii) the surfacewave tends to become more strongly bound as the
anisotropy factor (ez/€,) is Increasced, and,

(iv) under certain conditions of the relative diclectric constants and
loss of the two diclectric media, the surface waitve condition is not satisfied.

The above conclusions were arrived by analysing the casc of a single
homogencous  dielectric-coated conductor. The object of the present

paper is to present the results of theoretical analysis of the 'CfTCCL‘f of strati-
fication of diclectric constant in the radial direction of diclectric coating
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2. WAVE EQUATIONS

The vector Wwave equations 1n different media  (Fig. 1) are

Med. 1 (ry<p s
v3£+k1E=0.

3. DieLECTRIC CONSTANT PROFILES

(1)

The dielectric constant variation in the p-direction is considered as

e, (p) = e [ — f (dp)) (4)

e - ) - >
— — - —:i' "'2"' t - / z
P

Fic. 1. Dielectric
: ~coated conductor : .
Med. 1: €, po; Med, 2: e (p), o Med’.cg?tf F: s 3. okl dikarcicsomdimmiz. J
9 .
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Med. 2 (r; < p < r5) (see Appendix A. 1)
2 V € (p) ;
9 E+9 [£.Z99] ¢ bt i "
which can be simplified as
v2E+k02€2(P)E=0 (Za)

by assuming that e, (p) is a very slowly varying function in which case the

- V € (p) :
gradient term V/ [E e () ] can be ignored. It may, however, be

noted that the approximation is not valid in the neighbourhood of the
surface €, (p) = 0 (see Appendix A.2)

Med. 3 (p=r3)
A2E+k32E=0 (3)

where
k02 == W2[.Lo€ﬂ, klz — k02 €1 and k32 T— kﬂz €3, (3 a)

where
p' = p-r, and f (dp’) is an analytic, monotonically increasing function of p
satisfying the following conditions

fldp')=0 at p=1r, (4 a)
and

0 <[f(dp), f'(dp)] <1 forry<psr (4 )

where f’ represents the first derivative of f with respect to p and d1is a
measure of inhomogeneity which 1s zero for a homogeneous dielectric medium.

The following dielectric constant profiles (see Figs. 2, 3) have been
considered.

(i) & (p) = € [1 — d*(p — "2)2]

(i) €,(p) = e [1 — d"(p — )]
(iii) €,(p) = € [| — d%(p — )2 — d*(p — ra)']
(iv) e, (p) = ¢, sech d(p — r3)

(V) €(p) = ¢, sech?d(p — ry), and

(vi) e, (p) = eqexp [— d(p — rs))- (3)
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(2) sechd (p ~ ry) (5) 1 - d*(p - ro)® - d*(p — 1)t
(3) sech®d (p — r,) (6) exp|— dtp — i}

The range of d(p — r,) considered in computing the variation of €
as f (p") in Fig. 2is 0 < d(p — r,) -~ 0.2. Since all the six profiles vary very
little over this range, only this range has been considered in the analysis.

!f-o that the approximation made in simplifying cquation (2) equation (2 a)
1s valid,
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4. Firt.p COMPONENTS

g The solution of wave equations in respective media yield the following
eld components when the mode of excitation is E,. Med. | (< ps 1)

Ezy = [Ay (ayp) -+ AsYy (a, p)] €7 002
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. : jwt-p2)
£, 1P (4,0, @) + AaYr (@ Pl €
ty
- j)aot —g2)
e
H¢1 :jw;:fl [A1J1 (alP) s A Y, (a, P)]
Med. 2 (rs<p = rd)
E, = [CiS1(p) + CiS: (P)] g 1 WI—FZ)
t—gz)

— JB 7w
Eps = ;.2 (p) [C,y S3(p) + C2 54 (p)] €

o o
Ho = 129D (05, 6) + CS )

Med. 3 (p= 13)
En = DH,™ (jap) & "=

: ; f.
Eps = fs DH," (jasp) € Rz}

q =

Hyy = - '€0€s DH,\V (jasp) el (Wwi-g2)

g

where

0,2 = k% — B2 a,2 = ko? €2 (p) — B2, a2 = B2 — kj®

(6)

(7)

(8)

(8 a)

and S, (p) and S, (p) are the two independent solutions of equation (2a)

and are expressed (see Apeendix A.3) as

Si() = % cn (bp)

A= ()

S:(0) = Z dn (bp)® + log (Bp) . S, (o)

n=y

(8 b}

53 (p) and S, (p) are expressed as derivatives of S; (p) and S, (p) respectively

S () = 5,156}

S0) =5, 15, (o)

8 )
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where (see Appendix A. 3.2) the coefficients cn and dn and b depend on ke
physical parameters of the surface wave structure such as the radii, ke
diclectric constants of the coated media and the inhomogeneity factor, d.
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(p) and S (p) with

Fic. 4. Variation of the functions S, (p), Sz(p). S>

profile : P =1 —dt(p —r?
€
rg — 0-12cm; d=02cm’.
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function of p for diffcrent e-profiles
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6. CHARACTERISTIC EQUATION

By using the continuity of E, and Hy at p=r,, r, and r, and using
appropriate field components, the following equations are obtaired.

(1) AyJg(ayry) + AyY o (ayry) =0
(1) AyJp(aire) + AxYg(ayrs) — CiS;(ry) — CoS, () = 0

(iii) ;.; (A, (ayrg) + AsY, (aurs)) +

X (ry) [CiS3(ry) + CoSy (r2)] =0
(iv) CyS1(r3) + CaSa(rz) — DH'* (jagry) =0

(V) JX (rs) [C1Ss (ra) + CaSy (r)] 4+ 2 DHL (jutara) = 0 (9)
where
X@) = 586 = raro) 9 )

The above equitions lead to the following determinantal cquation:

Jo (ayry) Yo (ayry) 0 0 0

Jo (ayry) Yo (arrs) — S;(r) — Sz (r2) 0

? Jy (a1ry) ;i Y; (ayrs) X (rs) S3 (r2) X(ry) Sa(r) O

0 | 0 Sy (r3) Sa (r3) - Hy 'V (jasrs)

0 0 JX (r2) Ss (1) JX (r9) Su (r5) 2 Hy ¥ (jaar)
= 0 (10)

which reduces to

[ K (a9 Sa) — X (79 Ko a7 S (rs) ]
ds

< [ X i) Fao @) 1 41 S0 Fo (@]
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| Kulayd Sl — XD Ko (asrs) S (9]
dy

X [X("z) S, (rg) Foo (ay ra) -t ;'iS:("a)Fm(alrl)_l =0 (11

where

Hn(ll (ja;irS) — — inn ((13!‘3)
12:-K1 (03"3) (11 a)

Hllll (jaara) = —

and the functions Foq (ap) and Fiq(ap) are given by

Frs (ap) = Jr (a1p) Ys (ayry) — Js (@) Yr (awp). (11 5)
7. SOLUTION OF THE CHARACTERISTIC EQUATION

The characteristic equation (11) has been solved with the help of the
following two relations

a0, + a;® = ko* (& — €3)
and
a,® + az* = ko [€2 (p) — €3]

The solution yields the radial propagation constants from which other
surface wave characteristics are calculated.

8. SURFACE WAVE CHARACTERISTICS

The numerical calculations have been made at f = 9-375 GHz for
€=30, ¢¢=8'854x 10-M farads/cm and g, = 4= X 10~® henry/cm.

8.1. Radial Propagation Constants

The variation of @, and a; with €, 4 and r3/r. has been computed for

differcnt profiles. The variation for square-law profile is shown in Figs.
8 and 9. It is found that

() the radial propagation constant a, decreases with increasing e
and ryfr,,

(1) a; increases gradually with 4.
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(b) r,=02cm, [ =03CM

Fic. 8, Variation of a; With €

Profile : alp) g —d*(p —r*

€
re = 0+15cm.

=y, = 0-1cm,
(a) h ry = 0:-3cm,

(b) g ™ 0-2¢cm,
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G3(Cm_')

F1G. 9, Variation of a, with €5

Profile 3 -E:-(P-) =1 —=d¥(p — )2
1
(@) r; =01cm, re = 0-15cm.

(b) ry =02¢em, re =0-3cm.

(i) a; increases for smaller values of rsfr, and then decreases after a

certain value of €, ( ~ ;1) |

(1v) a3 decreases with ¢,

_ for larger values of rs/r, and decreases gradually
with d when €,

€1.
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The calculation of radial constant g,
& =50,rn=01cm r,
profile shows that,

(p) for €=02, 1'0 and 3-0
=015¢cm, d =03 cm~? and for a fourth orde

’

T

(1) a;(p) does not change much with P,

(ii) ay(p) has a value equal to that of g, at
slowly as p Increases.

(iii) a,(p) decreases with e; and ry/r,.

= ry and decreases very

R.2. Phase Constant

The calculation of the axial phase constant B by using the relaton
B = (a, + k2)V2 = (k2 — a 22
= [ko®es (p) — @, (p)]"? (12)
shows that (Fig. 10), for sech (dp) — profile,

(1) B increases and tends to attain a constant value as e; and ryfr,
1ncreases

(i1) B increases with d.

It may be noted that B8 is constant in medium 2 unlike a,(p). The

behaviour of B for square-law profile is found to be of the same nature as
that of the sech (dp) profile.

8.3. Phase Velocity

The calculation of the axial phase velocity v = w/B for e(p) = ¢
[l —d2(p—ry)%— di(p — r,)?"] profile and for r,=0"1cm, rg=20"12
cm and 4= 038 cm™! shows that

(i) v, decreases with increasing €5 and ry/re;

(i) vp decreases with d.

8.4 Guide Wavelength

The calculation of the guide wavelength Ag = w/B for squgrc-la.w and
exponential profiles of which only the latter case is presented in Fig. 11,
show that

(i) Ag decreases and tends to attain a constant value of about 1*5 cm
as e, and rg/rs increase;

(ii) A, decreases slightly with 4.
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FiG, 10. Variation of B with e,

Profile : i’?(ﬂ) = sech d(p = ry)
1
(@) ry =01 cm, rs = 0+15¢cm,

b)) ry = 0:2cm, ry =03 cm,
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Fi@. 11, Variation of A, with &

Profile : s (p) - eXp [— d(p — rd)]

€
Ag = 3-2cms
(@) ry=0-1lcm,  ry=0-15cm.
(b) ry = 0-2cm, rq = 0-3cm,
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8.5 Surfuce Reactions

The surface reactance of the structurc given by

_ay Ko (asrs)
+Y3 - Weg€s g Kl (aavra) (13)

has been calculated for the square law and the fourth-'power-]:;w Profiles
for r, =0.1cm, rg=0, 12cm and ry - 0.62cm. It is found that

(i) Xs decreases rapidly with ! and is affected very little due to Change
in d.

(i) The surface reactance in the case of the fourth-power-law

. Ig
slightly higher than in the case of square-law profile.

9. Powrer FLOW

The power flow in different media is calculated by using the Pﬁynting
vector and appropriate field components.

In medium 1 having dielectric constant e, the power flow in the axja)
direction 1s,
TwegeP

le - AIAI* 25712}/62 (al;.;j{ (PB [F{mE (alP) + Fm2 (“IP)

2

s & Foq (ayp) Fiy (alp)]}::: (14)

where
Fyo (ayp) and Fi,(ayp) are given by equation (11 ).

The power flow in medium 2 is

2w rs
]
f22===iiih?‘jp GI.Jghzlqufmﬂn(ﬁﬁ

$=0 pe=r,

s

= mwefCCy* f 534(8) G1* (o) pdp (15

P-rj

where

Gi(e) =S,(p) + C' 5, (p) ' = Gl (139
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which 1s derived by using boundary conditions and appropriate field compo-
nents and 1s given by

C' — Cs _ . [%Fm (a, ry) S (rz)_‘i' X (ry) ay Foo_(aﬂ'z) S (72)

- f‘] h e Fy0 (ayrg) Sy (rp) + X(rz) d-lFO_O (di}é)ﬁ_(ra) ] (16,
Similarly,
Foo (ayr,) 2 | |
* 200 17 2/ *®
Caka [Gn (r2) Yo (31"2] s K
where

Go(p) = Si(p) + C" Sa(p).

Hence

Foo (ayry) |2 ‘e (p) G1*(p)
- * - Lo \drfe) 17 [ €2 \P) UL
The power flow in medium 3 i

2w oo

Pz, =-12R8f f E,s Hy, p dp dé

P=0 pP=1s3

which yields

Pyy == 2 E“Eea DD ry® [Knﬁ (asry) — Ky * (asrs)

d3
s s K Ko (asrs) K; (33"3)] (9)
dals .
where
2 Gy (r3) Foo (ar7s) * (19 a)
« (7 _Golrs) Foo(@ara) 7 4. 4.*.
e (2) [Kn (asrs) Go(r2) Yo (alrl)] e
Hence
p. _ TweEf [(_;_q_ (r3) Foo (arrs) ]zAlAl"' F (asrs) (20)
== 2.8 Go (ra) Yo (ayrs) Ko (asrs) |
where

2 .
F(agrs) = rs* (KOE (asrs) — Ki (asra) + sl Beiri s @) (20.0)
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r flow in different media with respect to the total axia

+ P, + Py have been computed for different
functions of & and rs/rs. Figure 12 shq
It is observed that s

The percentages of powe
power flow Prot = Pz1
dielectric constant profiles as
the results for square law profile.

(i) Pz and Pze INCreases ‘but Py decreases with increase of e
3

(it} Pz, tends to attain a constant value as e —> €.

10. PowgRr LoOsSS

er loss is calculated by taking into account ohmic loss of 1,
¢

The pow
conductor and dielectric losses in respective media.

The power lost in the conductor is

2weq€
Pie = Rge @ 1) A: A"

which is obtained by using the relation
Rsc aw .
0

where Rsc, the surface reactance of the conductor 1S given by the relati
on

3
Rge = (%9) (22 2

The power lost in the dielectri '
ctric medium 1 ; :
loss tangent tan § is having dielectric constant €, and

P — 2w - & 8
" i‘p{u P{n 71| By [*p dp df (23)
where
oy = €€ tan 3§,
and

IE1|2= |E21l2+ lEPl Ia‘
(23 0)

The equation (23) is evaluated to yield

e l—
Py Tweg€ tan 9, A, A4.* (1 + B2a o
1
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2 Bt
« [2* {Fat@p) + Fo*@p) = oy (a589)

p.J"
~ Fag (HI.P) Fio (aho)}] r (24)
Similarly, the powcr lost in medium 2 is given by
Fa B?.
P, = nweg tan 8; C1C,* ffz (p) [002 (o) -I- a2 (p) G,* (P)] p dp
pa=pry
(25)

and the power lost in the external medium 1S

o}

Py, = 2weges lan Oy DD* ry? (ﬁ- “2“3-) {Kn‘z(a,—,r;,) — K2 (ayry)

el {5
2 B? LYK
+ s (ﬁf'__ (132) K (ayrs) Ky (“'3"3)} (26)

11. ATTENUATION CONSTANI

The attenuation constant of the surfece wave line is obtained by us'ng
the relation

a == ot
2 Proy (27)

where
Pi""'; PZC+PII "I'Plz'{"lp;

Piot = total power flow.

The attenuation constant has been calculated for lines having different profilcs
Figure 13 shows the variation of a with respect to e for different velues of‘
tan d and for square law profile. Tt is obscrved that a increases and then
gradually decreases for small values of rs and 1t decreases for la al

of r; as e increases, ) SRS

12, CHARACTERISTIC EQUATION FOR A CONDUCTOR COATED WITH TwoO
HOMOGENEOUS DIELECTRICS

In order , :
cases with the t({:}l .C?mpd.r ¢ the surface wave characteristics of the above
dicloctrics | lt}rdctcn.su‘cs of a conductor coated with two honiogeneous

S the characteristic equation has been formed as follows
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E3
[(13 Ky (a3r3) ¥ 0 .(azr 3) -+ ;: K, (ﬂaf 3) ) (agra)]

-el Lo .

i [01 Jo (azr'y) Fio (ayrg) — a: Jy (cary) Foao (alrg)]
€3

B [(13 Kilasrs) Jo (aars) + 2: Ky (agrs) J (agf‘a)]

p e [2—1 Yo (02!‘2) Fio(ayry) — ;‘: Y1 (92"2) Fou (‘71"2)] =0 (28)

by using proper boundary conditions at the interface between media | and 2
and appropriate field components. The field components in medium 2 arc

Ezﬂ . [CIJU (a:zP) + C2 Yﬂ (a._,p)] ej{ﬁ'-'t-ﬂz)
E ='Z—ﬁ J = FWI—£2) e
=2 (G () 1 Gy @) e

Fose (G, () + Y @) @b ()

2

H¢3:

which are obtained by solving

V2E _{_ k02 EEE: 0
“and utilising Maxwell’s equation.

The characteristic equation has been solved by using the relations

a,? = az* = kg*(€; — ¢€3)

a,? + ag® = ko® (e;— €3) = 2 (30)
to yield values of the radial propagation constants a;. as, as 2nd 2lso B, Ag
_‘and vp (Figs. 14 to 16), which show that

(i) a, decrcascs with € and e )
(i) @, and @ decrease with < but increase with e
(iii) B increases with e and e

(iv) Ag and vp decreasc with increasing e, and e
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ry= 0.225 €M

o (d8 /m)

FiG. 13. Variation of « with €5

Profile : alp) =1—d%(p —ry)?

€1
(@r=01cm, r,=015cm.
(6) r; =0-2¢cm, rs =0-3 cm.
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<

Q) (c.m"').(- ~-=), ajem)(

ag(cmﬂl)f—) 5 719 (cm)(-~~)

Fic. 14. Piots of a; and gy for a homogencous Casc K
¢ ; | . o i e
ry Olcm, ry~= 0-12cm, rey- 0-62cm, ¢ =35 0.

Fic. 15. Plots of a5 and A, for a homogencous case
ry = 0-lcm, ry= 0-12cm, re= 0-62cm, ¢ =30

1.1.S¢.—3



148 Grory JoHN et al.

F1G. 16. Plots of 8 and v, for a homogeneous case

ry=01lcm, ry=012cm, r,=062cm, e =5-0.

13. POWER FLOW AND ATTENUATION CONSTANT OF THE HOMOGENEOUS Ling

The power flow P;, and power lost Py, in the second medium are given
respectively

P = CC* 250 [Goy2 (@) + G? (ap)
2

L _._2_ Gﬂ (ﬂzp) Glﬂ (azp)]r. (3])
aw 0 p=rs
where
G C
ro (azP) = Jy (azﬁ) s ‘C‘l Y, (azP) (31 a)

P, = Twege, tan 3, C,C,* (] + GEZ)
2

X Goo? (ayp) G (azp)}]ra

=T,

(32)
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Using the expressions (14, 20) for power flow and (24, 26) for power loss
in media 1 and 3, division of power in different media and attenuation
constant are evaluated. The results are shown in Fig. 17. The dielectric
constant of the second diclectric coating is ¢, (1 — 0°04) which is compa-
rable to the gradually varying inhomogeneous dielectric p1ofiles.

It is found that of all the six different cases, the fourth power profile,
shows the best behaviour as far as the concentration of power flow is concerned,
but the attenuation constant is more in this case than the other cases.

10

80

60

40

PERCENTAGE POWER

g L

20

Fig. 17. Plots of P, and a for a homogeneous case
ry=0-1cm, ry=012cm, ry=062cm, ¢ = 5:0, & =48

14. ConbDUCTOR COATED WITH TwO GRADED DIELECTRICS

The two profiles that have been considered are the
(i) Quadratic profile, and
(ii) fourth-power profile.
The dielectric profiles in both the media are (Fig. 1)
Case (i) quadratic profile

Med. 1 (r; < p <7)
6, (p) = € [l + d*(p — ri)* I + d*(rg — ry)’]
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Med. 2 (re <p <)

€3 (p) = € [l — dg (P - rl)al‘ (33)

Case (ii) fourth-power profile

Med. 1 (’1 SP :S r!)
& (p) = & [l +d*(p—r)'V[l + d*(rs — 1)}

Med. 2 (fg < P < f'3)
() = <[l — d*(p — ra¥] (34)

Hence for p=r,
Case (i) & (p) = &/[1 + d*(ry — r1)?)
Case (ii) ¢ (p) = &/[1 + d*(rs — r,)?)

For p=r,
ICase (i) @) = e(p) = «
Case (ii) € (p) = €s(p) = (35)
The wave equation in medium 1 1s

*VEE'{'knif](P)E:O

which -yields the following field components
Ez = [ARy (p) + AsR; (p)] ed (Wi-62)

EPI = “—:z':;ﬁ) [AlRa (P) + A, R, (p)] el (Wt_pz)

Hy, = _jwzn(EI) ©) 4, Ry (p) + AR, (p)] €7 Wi-F2) (36)

The functions R, (p) and R, (p) are the two mdependent solutions of the

wave equation and R, (p) and R are 1
respectively, with respect to p. . —— K lp) i R, (p)

The axial and radia] Propagation constants are related as
a* (p) = ky? €, (p) — B?
3" (p) = ko® €, (p) — P2
a* = B2 — ko? e;. (37)
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By using proper boundary conditions and appropriate field components
the following characteristic equation is obtained

?

[;: K; (asrs) S, (r3) — X (r) K, (ayr3) S ("a)]
X [X(?'z) S3 (r2) Py(ry) — Y (r)) S, (ry) P, (ry)]
s [;: K, (a3r3) S1(r3) S1(r3) — X (r3) Ky (ayrs) S, ("3)J

X [X (rg) Sy (r) Py (ry) — Y (ry) S, (ry) P, (ra]=0 (38)

where
Po(p) = Ry (r) Ra(p) — Ry (p) R, (1)
Pi(p) = Ry (r) Ry(p) — Ry (p) R (1))
X (p) = € (p)/az?(p)
Y (p) = e (p)/ar* (p)- (38 a)

The characteristic equation has been solved with the aid of the following
two equations:

a,? (p) + ay®> = ko*€ (p) — €
a2 (p) + a;* = ko €5 (p) — €. (38 b)

The solution of the characteristic equation yields a, (p), a2 (p) and a; from
which B, vp and Ag are derived.

The power flowing in medium 1 is given by

- 1 (p) Ri*(p)
Pz = 7w €ofAAL* f b:‘(gp_) j":b:i_(;)‘" pdp
p=ri

where P, (p) is given by equation (38 4).,The power lost in the conductor

is given by

L

(39)

2T

Pie = Re {R;c f[Hm Hﬂ']p-f.} ridd

0

which yields

:t“.

. [weee (r) LT -
Pie = Adi® | () Re(ry)
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Fic. 18, Vanatnon of P, and a w:lh &y
(@) single-graded dielectric-coated line
(b) doubly-graded dielectric-coated line,

Power Jost in medium 1 is

Ph_ e (Ufo tal'l 8

1 B 2
RE(r) A ()| Po? (p) + (p) de (4)
R,* (r,) Pf [ T ]
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r,=01cm, ry=0-12cm, r, = 0-62cm,d = 0:-2cm!
Profile : Quadratic (doubly-graded).

ry = 0-1cm,

ry = 0-12cm,

Fg = 0'62(:!“.

Profiles: Quadratic (doubly-graded).
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The power flow and power lost in mdia 2 and 3 are given by cquations (18)
(20), (25) and (26) respectively. The division of power flow in differen
media and the attenuation constant arc dctermined as in previous SCCtions,

The results of numerical computations are presented in Figs, 18-22

in Fig. 22, ac, ad;, a4, and agy represent the attenuations in conductor and

the three dielectric media respectively,

The following conclusions can be drawn.

(1) In the case when both the diclectrics are graded, the power flow
in medium 1 is less than in the case when one of the dielectric coatings jg

homogeneous and the outer dielectric is graded. This results jn lower
attenuation n the case when both the dielectrics are graded.
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i |
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0.02 ' - :h“""-'-'-"‘...-"-'.‘: *
0 1 > —i 17 S=jp
€3 - > 4

A,

FiG. 20. Pig¢s of @« and p 1
F 4

fﬂf';? ]: Quadratic (doubly-gradeq)
! cm, r;‘—"-‘O']ZCm, § —= 50 d-;o ZC 1-
» 4=0-2emy
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Profiles : Quadratic (doubly-graded)
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(ii) ac, ag,, ag, decrease with € while agg increases with €.
(iii) As the thickness of the inhomogeneous medium INCreases, Pz,

'l -
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(iv) The radial propagation constants and other Characteristics such
as ,\g etc. do not vary Sigmﬁcanlly In the two cases when one of the dielectrics
is homogeneous and when both the dielectric coatings are inhomogeneons.

15. EFFECT OF ANISOTROPY

The wave equation in the external medium is

2 E YE € 32E
2p° z"‘} bpz+(z Sy T ket ezEz=0 42
where
e 0 O
€3 = (0 EP 0 ) (43)
0 0 e '

considering the (p — ¢) plane as homogeneous and isotropic and hence
taklﬂg €y — €p.

The field components in the external medium obtain by solving equation
(42) and applying approriatc Maxwell’s equations are

Ezy = DHy™ (jasp)el =62

Eps = f} f") Hy™ (jasp) € WHF2)

Hys= ko® € ( )H (1) (jagp) el (Wwit-p2) (44)
The radial and axial propagation constants in medium 3 are related by

as* = 2 (B — ks') (45)

The charecteristic equations for the three different cases are, (i) Conduc-
tor with two homogeneous dielectrics,

[;i K, (asrs) Y, (asra) + ;: Ko (asrs) Yh (az"s)]

X [2 Jo (aars) Fio (ayra) — ;i Jy (ayry) Foo (91"7)]
— [ Kutay) Jo@rd) + 3t Ko @sra) ]

3

= [;: Yo (aars) Fro (a1r2) — -Z Yy (asr) Foo (alr,)] = (46)
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where
ay? + a5 () = ko (e = <)
and
a,® + az® g) = ko®(€p — fa)___ (46 a)

(ii) Dielectric-coated cconductor, coated with a graded dielectric

[;Z K, (a3r3) Sz (r3) — X (r3) Ky (aqr5) S, (rS)]

X [[X (rg) S3(rs) Foo (ayry) + 2‘” S1(rs) Fig (01’2)]
1

[Gz . Ky (agrs) Sy (r3) — X (r3) Ko (ayr3) S, (r;;)]

ag
X [X (rg) Sq (r3) Foq (ayrs) + ;i Sz (r2) Fig (ﬂ'l"z)] (47)
where
a,® + ay? (“E!) = ko® (& — €3)
€2
and

a? () + a;*(?) = ko? 2 () — & (47 a)
(iii) Conductor coated with two graded dielectrics
[ Ki(ar) 5209 — X () Ko@) 5.0
X [x (72) S5 (r2) Po (ra) — Y (1) 1 () Po (7))
~ [ K @) 5109 — X () K (@3 1) S0

X [X (ry) S (rs) Py (rs) — Y (ry) Ss(ry) Py(ry)] (48)
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F1G. 27. Variation of g, and a; with ¢,
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Profile : Quadratic (single graded).
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FiG. 31. Variation of @ and a, with ¢,
"~ rp=0:lcm, ry=0-12cm, ry;=0-62cm, = 50, d=0-4cm™,
Profiles : Quadratic (doubly-graded).
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and
az® (p) -+ as* (ZP\ = kot [€a (p) - €3] : o)
2

S1(p). Sa(p), Sa(p) and S, (p) are the same as in previous sections.
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The above three characteristic equations are solved to give the syr.

face wave characteristics.
ower flowing in the external anisotropic medium for the three

The p
different cascs is given by
 nwegfep [ €2 I
Pzs = 2as? ("p) DD* F(asrs) (49)

where F(agrs) is given by equation 204

The results of numerical computations are presented 1n Figs. 23. 14
It may be concluded that the effect of the anisotropy factor s (= e,/ ¢,) is 10

(i) cause a decrease In a but increase in as

(i) increase B and hence decrease Ag
(iii) decrease Pz, and Pz but increase Pgzg
(iv) decrease the attenuation constant a,

16. CONCLUSIONS

The analysis of different cases leads to the main conclusion that b
proper choice of the profiles of multilayer delectric coating on a azenc:luctyvzzna
it may be possible to concentrate most of the power flow within the dielet;:tricr ,
It may be worthwhile to suggest that if the combination of profiles are S
chosen that the microwave field extends neither to the central cc:nductSO
nor up to the outside surface of the outermost dielectric coating, thus crf::attt'or
the conditions of existence of an clectric wall at the interface between I;g
outermost surface of the structure and the external medium. then lht e
may be a possibility of transmission of microwave power thr ’ h o
dielectric coated cable. S
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