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Abstract

The results of theoretical analysis of the problem of excitation of HE;,, modes on a cylindrical over-
moded dielectric rod of crroular cross-section excited by a concentric magnetic ring source of magnitude
varymng as a sinusoidal function of the peripheral angle leading to expressions for launching efficiency
and far field patterns as a function of frequency, location of the souice, chaiacteristics of surface wave
structures and higher order modes are presented Results of numerical evaluation of launching effici-

ency for the overmoded rods aie reported n the form of graphs

Key words Launching efficiency, overmoded dielectiic rods, and nonuniform magnetic ring source,

1. Introduction

Long distance propagation of microwaves by surface wave stiuctures requues the know-
ledge of not only the surface wave characteristics of the structuie guiding surface waves
but also the efficiency of the launcher which transfers the erergy from the source to the
surface wave field Launching of suiface waves has been studied thoroughly by Cullen’s?
who solved the problem of exciting a plane surface wave from a narrow slot placed above
the guiding surface This theoretical approach of Culler. has been extended for 1adial
cylindrical surface waves by Fernando and Barlow® and Brown and Sharma' Wait?
has studied theoretically the launching of surface waves by a magnetic ring source
Collen® and Chatterjee™8 have also studied the problem of launching of a surface wave
tn detad

The subjuct of diclectric surface waveguides has been recerving attention for quile
some time. Many of the theoretical and practical problems involved have been dis-
cussed 1n a very informative survey by Kao® Among them, the excitation of surface
waves on these waveguiding structures is of much importance One of the simplest
structures, which 1s of great practical utility is the circular dielectric rod  The excita-
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tion of circulatly symmetric suiface waves on a dielectric 10d by an elementary source
for example, a magnetic cuiient 1ing, have been investigated both theoretically and exper;.
mentally by Duncan® and Brown and Stacheia'' The excitation of the dipole HE,
mode 1s of great impo:tance since it is the dominant mode and the easiest to excite  The
theoretical study of exciting the HE;; mode by a point dielectric dipole has been done
by Gar Lamn Yip?? Cohn and King!® have treated the source as a nonuniform magnetic
ring and have studied the problem of excitation of the HE;; mode on a dielectric cylinder,

More 1scently, the demand for wider bandwidths for communication puiposes has
prompted research mto the possible uses of dielectric suiface waveguides fo1 long distance
telecommunication links at the mullimetizc and optical fiequencies At these hugh fie-
quencies a ciowding of higher oider modes is expected. A dieleciric 10d either when
overdimenstoned o1 when operated 1n a fiequency range lugher than the X-band supports
a laiger numiber of higher order modes  An extensive study of the modes with 1espect
to their effect of suiface wave characteristics, power handling capability, 1adiation and
gua his b3z doaie earlier by Dilli et «/*-18  The putpose of this paper s to
obtain the launching efficiency and far field radiation patterns of overmoded 10ds by
the method obtained by Cohn and King'? as a function of source location, frequency
and characteristics of the surface wave stiuctuies

2, Co-ordinate system

The postulated method of exciting the dipole mode 18 physically 1ealisable thiough the
use of an annular slot in a conducting plane which 1s peipendicular to the axis of the
dielectric tod  This slot in turn would be eneigized from the opposite side of the
conducting plane, with the presciibed angular variation by a cucular waveguide in which
the dommnant TE;; mode 1s propagating The souice, thetefore, consists of an infinte-
simally thio magnetic ring source which 1s concentiic with and has a larger radws than
the dielectric rod. Its magmtude 15 a sinusoidal function of the peripheral angle (¢).
The magnetic ring source 1§ specified by the following equation

> >
Iy, = ¢0 (p — b) § (z) s1n pe—#e* (1)

The solutions to be sought in this problem are those mn which the magnetic field
component having the same co-ordinate direction as the assumed magnetic culrent
source (Hy) also has the same spatial variation as the source 1n that co-ordmate direction
Due to the character of the postulated solutions, the actual three-dimensional problem
reduces to an equivalent two-dimensional problem.

The geometry and co-ordmate systems of the problem are shown m Fig 1 Medwum I
consists of the lossless dielectric rod of radius g and permittivity e, Media II and Il
are free space and aie divided by a hypothetical cylinder whose 1adius (b) 15 equal to
the radws of the magnetic ring scurce The permuttivity of Media II and III 1s that
of free spzce (e,). The permeability of all three regions 1s that of free space (o).
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Fig. 1 (@) BEnd view, (b) Three-dimensional view of dielectric rod excited by a nonumform magnetic
ring source.

3, Field components

The components of the electromagnetic field generated by the magnetic ring source
satisfy a set of equations aralogous to the souice free case

(1) Medrum I The field i the guide (ze., for 0 < p < a) 13 given by
Ezll = Bm']l (klmp) Sin (bt?»ﬂy3 (2(1)
Hay = CpJy (kyp) cos pe=e, (2b)

(u) Medium IT = The field between the current sheet ard the guide (1e . for a < p < b)
18 given by

Egm = [binH® (konp) + bpnH (kynp)] st pe¥e (Ba)
Ho = [ HS (Kenp) + P ()] cOS e (38)
which represent standing waves.
(liiy The field outside the magnetic current sheet is (p > b)
E = b HY (koyp) sin pe7® “a)
Hgy = ¢ H® (konp) COS pe=7 (4 5)
which represent

(@) outward tiavelling wave for u, > 0, imaginary,
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(6) wward travelling wave for v, > 0 1maginary, and
(c) evanescent wave fo1 1, > 0 real,

where wy = Ay,p and = ko,p

4, Boundary conditions

The boundary conditions are applied to the vaiious field componerts i order to fing

the constants B,,, Cp, Blms Dome Gy Chins Dpye Co

() Atp=a,

Eay=Emm, Han=Hen, Egn = Epn, Hyn = Hyp (5a-d)
() At p=2>

Hon = Hyyy Egn = Egn. Hon = Hon (6a-c)

(in) The condition on E 4 at = b 1§ deternmined fiom the wave equation

5. Wave equation

The vector wave equation 1s

> ~> > >
TrE 4 oPueE="7 x I, where I, 15 given by eqn (1) @)

The z-component of this equation s

—2 2 L2
TPE,+ 0P ueE, = 5 S—ﬁ(qub). (8)

Expanding the above equation

A F 13, , 1 ¥E, QE, .
‘\p» }qs a_p pz N‘D—Z D 2 +Cl) #SE#
~ 1 p o —pdh—0i@sing ®
since ¢’ (X) = — § (X)/X and the variatien with 1espect to z 15 ¥

Sumularly for the H_, component the wave equation 1s

he H,, 1¥H, 1 H z
b[)“ +;)\}) xp& Py + o ucH, =0 (10)

6. Evaluation of the boundary condition at p = b

Solutions are sought in which the vaiious field comporents have the following functioral
dependence on
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Hy=Hy (p, 2)sm¢, H,= H,(p, 2)cosp;
H, = H}(p, z)cos¢, Es= Eg(p, 2) cos ¢;
E,=E,(p, 2)sin¢, E,=E(p, 2)sm¢ (11a-f)

Therefore equs (9) and (10) can be rewtitten in the primed notation to take accourt
of the prescribed variation

2 E, IDE’ ¥ E,
D E + 2 +(a)2ys-~>E’

dz?
_m)é@—b)é(z) (12
2H,  1H, 2 H 1N .
W Th Ty T +<w2ﬂ8ml3§>ﬂ"=0' =

The method of integral tiansforms will be applied in solving these last two partia}
differential equations (eqns 12, 13). Let,

Hi(p, z) = _:f: Halp, 7) 2 d; (14 4)
where
-]
Halpo ) =5 [ Hip2) e (14)
—00 !
and
[oe]
E(p,2)= f E(p, v)eredy (15a)
—co
where
e}
Eu (b y)=2—17—c f Ey(p,z) e dz (15 b)

where ¢ represents any of the co-ordinates p, ¢ or z.

Equation (14 a) 1s substituted into eqn. (13) and eqn (154) 15 substituted into
eqn. (12), The resultant equations are multipled by 1/2ze~7* dz  After integrating
frem — coto -+ oo the following two equations are obtained

apﬁ‘pa‘,s*'“"r @ e — j]H(p,y%o 16
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and

PR I IS SR __ bi(p—b)
[a,;« toyp (ke F)]Ec(p,y)« 55— b) (17)

The condition on E,and therefore on E, at p = b 1s determined by the wave eqn. (17)
Multiplying each term 1n the equation by dp and integrating over the mnterval 2 A fiom

p=b—¢gtop=b—l—ﬁwe get

dE,
“dp

, 1 dE, .
AT o dp + (0* pe — y?)
N

v+A b+A A
+A 1 dE, b S(p—b
f Ezﬂ’ﬁﬂ'"E ‘ -y = — o f d ')5P (18)

pn p dp n p(p—8)
v-A =A v=A
BHA A
b é(p — b) b 8" (p")
RHS = — = [ 22 =0 :
w) 70=0""m ) Tin?
-A ~A

__b5 ___,(__ 1
T 2nldp'\p'+0b) . 27b

where p' 18 a function of p.

Assuming E,; is finite for all p and letting £ ~ 0 and p — b, the equation becomes

dE, dE,, 1 1 1
dEal el =1L =
B loa " @ |on BT T E B T
or
dEﬁal — dEggll 1 ]. I

+UE31—"E521=

dp 1y dply BTN B (6 a-d)

27b
7. Determinantal equation

Applying the above conditions eqns. 5(a-d), 6 (a-d) eight equations aie obtamed
i terms of the eight arbitrary constants

(@) Cos (Krn) — C1nH P (kon) — CGuH P (Kona) = 0
(b) Bp (klma) - b:'v.mH'J(.IJ (kem@) — B H? (koma) = 0

() — By ‘”“" T2, (k) + Col ]2 Ty (kun@) -+ By ”’/‘0 0 Y () + By E2 HEV (K )
2m

— C;m 7&_? H(l (kgma) - Cqm 7CT H( (kzma) =0
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(@) Bugly T2 Crant) = e T2 T () — Vo - U (K@) = b i HE ()
+el, ;‘”“ HY (ymt) + 5 ;"e" HEY (kgma) = 0
(€) By H (ign) + BonH (ig) — B, HI () = 0
(F) B L HD (Figy) + By S H (kyib) — €0 €olian HE (kyyb) — o€l HO(lb)

- bm 2 H{“ (k‘.’mb) - C;m y H( (k"mb) =0

(Z) - bim w.uﬂkZmHm’ (kzmb) —b ’mw:uok“mHm' (k b) + Cim = H(l) (kZinb)

l czm b HM (kqmb) _}_ b wﬂokamy(’ (k)mb) me:uﬂH{ml (k:_mb) =0
1 2
) = cin | e HL (i) + § HO ) | = chu [ 1 ) +5 B39 G |

+ Bm [kSDDHJfl)) (k‘;mb) ""‘ % H]!l) (kgmb)] = i;t];i)‘ (19 a-/z)

8. Solution of the determinant

Taese eight equations, (19 a-h), are solved by setting the determunant A, for need by the
co-efficients equal to ze.o. After simplfication,

(Y e TN & JL (k)
25(;‘) [60“ el (Fin®) HE" (k) B]] { Ko Ji (kl:;(l)

I HY (kypa) ][ | J (ki) 1 H (kzma)]
k

Fom oD G| LT T Cem®)  egm FE® (R

i/l 1

@* pty€q

when A = 0, the expression obtained 1s 1dentical to the equation of the HE), mode
propagating on an ifinttely long source-free dielectricrod. Sulving for b, and c,, we

have
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To solve the paitial differential eqns (12, 13) the method of integial transforms 15 useq
by letting,

] [S]
E , = f EM31 v d]' = f bmH;{l) (/(Zm/)) e ([j’ (23)
—_C0 —~C
00 0
Hy = | HpoWdy= [ cuy H (kpnp)e dy (24
—20 -0
= o]
bt}
Ep= [ Egerdi = [ [ LHD )
-0 -0
— tkin B () | e (5)

[ [~a]
Hy = f Hoyne? dy = f 1?2“,: pi;c,,,H;» (komp)
O — 0 -

— o HE (np) | €7 26)

9. Evaluation of the infinite integrals

The above four real integral eqns. (23-26) can be evaluated by considering them to be
contour integrals it the y-plane and applymg the Cauchy Residue Theorem

Since

by = & VO ge — 2 (27 a)
and

hom= = V0 e — 72 (27 b)
ki 18 multiple valued at y = + 1/&? y, ¢; and ky, 15 multiple valued at y= 4 1/0? g ¢,

The 1ntegrands of the above equation are even fur.ctions of ky,, and hence the only branch
pomnts occur at

P= k= VRl ky =0 (28)
Let the branch cuts (I") be along the line
St imy 085)

The ntegrands of the eqns. (23-26) are determired by setting the denominator of b,
and ¢, given by eqns (21) and (22) respectively equal to zero The poles at - y, are
determined by letting y = y,, ki = kyn, and Ky, = ky,,, in the resulting equations
(27 a,b) where ki, and k,, have been already defined as transverse wave numbers at



LAUNCHING EFFICIENCY OF OVERMODED DICLECTRIC RODS 89

the poles. A path of mtegration i the complex y-plane which assures conve:gence of
each of the integrals is shown m Fig 2

!m'§4
R Ry
r
-t — B 4 B ) hadie o Re
R A zb 3P 7

Fic 2 Contour of integration 1n the &-plane.

Only the branch cut fiom -y will be consideted since 1t will be shown that it repre-
sents radiation away from the magnetic e source. Similarly oply the pole at y, is
included m the contour of integration since it represents surface wave propagation away
from the source in the positive z-direction.

Consider the integration m the complex y-plane around the closed curve shown m
Fig. 2. Let the function F (y) be representative of the mtegrands i the eqns. (23-26).
From Cauchy’s Residue Theorem,

R ]
F Fydy+ 1 F(dy+ [ F(pydy + | F(p)dy
-R B R T

= 27 (sum of the residues) 29)

whe.e the residues are taken at the poles of the integrand within the closed curve of
ntegration As R — oo, 1t can be shown that the integrals on R, and R, vamsh for

any of the integrands for z > 0 and k, = + V/@* lge,. Therefore, the equ (29) becomes

j’o Fy)dy=— [ F(») dy + 2z (sum of the residues) (30)
-0 l"

10. Evaluation of the radiation field by SDP method

Instead of integrating along 7, Iis deformed into the path of steepest descent, C,, which
passes through the saddle point of the integrand. The path is directed in the reveise

sense and as a result the eqgn (30) becomes

IOOF (Ndy= § F()dy + 2z (sum of the residues). (31
-00 Cs

LISc.—3
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In order to calculate the radial power flow, expressions for the £, and H, components
of the radiation field will be needed Refering above to expiessions (25, 26) for E,

and Hy we define

Lgﬁ = /\.I;m |: r b’” [ 2 (I‘ " /)) cUlul)k?m:}’( 11»}[( (k,_m p):l C”‘Vz d)’ (32)
Cs
Hgs = / [_‘ W HP (b p) — wek by HY' (/".‘mp):l el dy 33
\im
Cs

The followmng transfornratiors to the 7-plare (Fig 3) aic used by letting

y == 7, sil T where 7 =0 -y (34)
Therefore

Re () = y, s ¢ cosh n (35 )

[m () = 7y, ©3s asih. (35 b)

The branch cuts at Re (y) = 4 ;, ate tiarsformed 1o the cuives

singcoshy = 41 (36)

<

sin § cosh M=~}

sin Y cosh M =1

FiG. 3 Path of integration in the 7-plane
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while the branch points at y = o4 y, transform to the points ¢ = 4 7/2, n =0 For
y=+7, n=0,0=n/2 (37 a)
y=—7p 1=0,0=1/2 (37 b)
Fiom the eqn (354, b) for Re(y) and Im(p), it car be seen that the path of

mtezration along the 1eal axis on the p-plane trarsforms to the followir.g three straight
Lme segments on the 7-plane

c=—7/2, >0 o1 y < — 1y, (38 a)
~n2<o<nf2, n=01Tot — 73, <y <, (38 b)
og=mn/2, <0 for y>y, (38¢)

From the 1clations kg, = w?u e, — 7%, and

ki, = w? ttye; — y* 1t can be shown that

Koy == 4 7, COS 7 39 a)
€ N 112
k= £ Vs (? — sin? q-) (39 b)
0
p=gpysinT (39¢)

substitutiog these eqgrs. 39 (u~c) 1n the exptession for Egd (eqn. 32) ard £, (eqn 33),
we obtain

ER, = f J MR T I}}; by, (7Y HD (py, cos 7)

cos 7
Cs
— OflyY3 COS T Cp (7) HE (74 p COS r)] ety 518 72 g (40)
g = f n cols T l:% sin? 7 ey (7) HP (py, cos 7)
Cy
— weg €08 7 b, () HV' (py, cos q-):| elVy o8 78 “@n

Transform to the spherical co-ordinate system with the help of the trarsformation

p==rcosl, z=rsinl. (42 a,b)



92 JAYANII VENKATARAMAN

For the radiation field components at large distances from the source, H{ (k,,.p) and
H (kyup) can be replaced by their asymptotic forms. Asr — oo, the Hankel function
H® and its derivative become

HP (p,, cos T) 2 , oI 17y 008 T 05 § @34)
. 7r P, €OS T COS (/

HY (prpeosn) s f 2 2 eITI oty 00 T cos § (43 b)
7 p, cos T cos ()

and hence Eg and Hgﬂ become,

— s 7 Fo="mi —
EB = 2 f - T[ﬁ——ﬁ Y 1» by, (7)
@3 71 cos cos 71 1 COS 7, COS T
cs

~ W eI \//}5 cos T ('m(r):’ VT (T=0) ([ 44)
2 | 2 gn? o ediTH
HR = —; —— [7” - cm(7)
b nrcos (! 7,008 T [ 1COS [y cosT
cz
— wee ™ [y cos T bm(-r)] e Yot ©08 (1-0) (r (45)

The saldle point 1s defined for both integials by

2 [o0s (v — 0)] = 0 (46)

therefore = = 0 18 the saddle point in each case The path of steepest descent, C,, which
passes across the saddle point (= = () 1s one on which the imagwary pait of the expo-
nent remains constant, is given by the equation

cos(g — 8) coshn = 1. 47

The following rule for saddle point integiation i» used, wheie + = 0 is the saddle pomt
and dfdr(ewm) =(

Lim [ F(DewDdr =F@) ooy Jj2n 1 (48)
#5060 n erg’(f)
[0}

Provided that ¢"(0) = 0. Applymg this rule to eqns. (44, 45) ard sumplfyirg

Ep =" g0
o= dr 81 (0)cos ¢ 49)
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ey
HR = — € € .
A I\/ﬂ - & () sing

where

X, = ’2_)@ (él - Slnz())
(0

2na
X, = n cos (

b b b
8@ =G (J10)+ GHp (3 1) + 6t (2 1)
and

2, (0) = GL-H(?' \- >~|~ Gr,H“'( >~LGGH'“’ (b X>

P
Gy = —ijthan()

HWV (X5)) tan 0
6= (P~ PG} B

03==P1Ta.n0
X, H”(X,)P
cos H‘” (X,) Pi

H2(X,) R
G, = [—_——-—Hli“((/\;g) P, — Pysin* 0]/ Pyces @

G, = —

X,

G = 550
Py = L /(X)) 1 HO XN a 4 () 1 HY (X))
YU X () Xa HE (X [Xl LX) X H® (Xp)

1 1\2
-— 8 n2 0 /____;' - _)
T\
51 J (X1) 1 H(w (Xg)] [1 J; (Xl) ] H‘”' (X)

Py = X, 7, (Xl) X, H HY (X)) | X2 /i (Xy) Xz H (X,)
. 11
—sm? () XE :Y_é__,
p,=41 X - Xi

T XEX X4

93

(30)

5l a

(51 b)
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B AC Y ,H_._(IU] [_ B Xy _ 1 HP 0@)]
Pr= [71 7 (%) T X, HP (%)

.o 1 1\2
— sin 0(371-’%3"3)'

11. Power flow

The field components which contribute the power flow in .he radial direction are Eg,
HE, 5 Hy. To find out the amount of power radiated outward, the radial comrorent
of Poyntinrg’s vector will be integiated over the sphere at infinity  The radial comgporent
of Poynting’s vector 1s

.= 1Re[E? < HP'] =1 ReE, H; — E; H;]

=i JaE,p 4 [lm 2]
Haf2 Bl f2 1]

2c08% ¢ + | 2, (0) |* s Pl (52)

= */330,{{‘" [ & (@

Physically, the magnetic ring source is realized by properly illumiratirg ar arrular slot
in a conductirg plane located at z = 0 plane, therefore, only the fields r the half space
(= > 0) need be considered Integratirg s over the half sphere mn fiont of the wave-
gmde (0 < 0 < =/2) the power flow m the radial direction becomes

2T w2
P,= [ [ s.r*cos@dldg
¢=0 f=o

il

_ zx/;ﬁ " cos 0.g(0) do (53

where g (0) = | & (0) [* +| g2 (0) |* 15 given by eans (514, )

It should be noted that the function g (§) is independent of the radial propagation
constants and the guidewavelength They depend only on the b/ag ratio and the angular
variation, ).  Since the higher order modes are characterized by themr propagation
constants and therefore their amphitudes®, the individual cortribution of each mode
cannot be determned However the term b/a defines the combined effects of the higher
order modes and hence 1t can be concluded that the radiated power as obtaired by eqn (53)
for a particular rod diameter d and for a particular b/a ratio 1s due to all the modes
supported by the rod since the radiated power 1s a continuous mode spectrum
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12. Evaluatien of the surface wave field (Pole residue)
The surface wave component of the total field as shown by eqn (30) 1s given by
Hs = 2n (sum of the resrdues of the mtegrand)
(Cn D g p) €7) (54)
The integrand can be written 1 the form of the ratio f(y)/g (y) where

L Sl 1 HE (ko)
g(y) = kgt J1 k@) ko H® (ko) |’

_él_. J:[ (klma) . 1 Hlfw (kZma)] . ( & — 1 \
kyma J1 (k@) koma A (kpt) (kima) (kem@)? J

(klma) (knm ap® )

and

1 17
fo) = [kl ko,,,a] [(km 2 " oy @
7 [ 1 LT (55 b)

B w? Ho€g (klm a.)z (/"fm a)’

Below a critical radius to wavelength rauo, the dielectric rod will support only tle HE,
mode. It will be assumed that the only pole within the contour of integration cories-

ponds to this mode This pole 1s 7,

Poles of the arc determined by solutions to g (y) = 0, which 1s1dentical to the charactei-
stic equation of the HE,, mode in the source free case As the diameter is ncreased
higher order modes appear and the conesponding poles can be evaluated by the same
expression g (y) =0 In the following analysis the surface wave field duc 1o the lowest
mode, HE;;, will then be calculated Assunmption of the surface wave power of all tle
modes will then give the total sutface wave field of the overmoded guide

If g (») = 0 gives the poles, the value of the residue aty = 3, is 4 ((y,,) , since 1t can
be shown that y, 1s a first order pole, that 1s g’ (v,) =

With this assumption, defining (H,,);, and the surface wave field of the m™ mode m
Med. III, we have

o L0
(H,), = 2my (’)cos
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o 4f4 [F Hu)<b me> ( u,,,)

where, Ay, = K1,0, Yop = k,a

- !
F = _6. z 1
h '\/,u 4 M [H m)]‘

Fy = fof, (e - 13) + fofo (L £ 1202 +‘°‘f* (& + ) — 2’:‘ (1 +£2)

1 J (\’lm) _ I Hlu)’ (Xi‘m) _ 1:]

Fy= e | T \in s T
SN, =g, L Ji (X)) Yoy HP (Xey)

1 J) (xy,)
Aol A

1 HY {x,,)
Nom H1n) (“-Zm)

= 32 1,2
f:! = (“?m — etl)‘zm) !
Y
Xim Aim

fo=

G1f1—'./.2
==y
2l
h=fit =T,
IR e )
b AT &

(H,;5, car 2 calzlated for each of the hugher order modes

13. Surface wave power flow

The total power flow in the surface wave (P,) can be obtained by makirg use of the
source free analysis of the HE;; mode propagating on a circular dielectric 10d At
large axial distances from the plane of the ring source theie 1s no distinction between
regions I and III. Power flow for the source free case

_1 n 270\ /.t_ 1) 2](1(3",'2
3 (7) (7;‘) ,\/-e-é’ [H (xe)] T Fy (s8)

wiz-e D, is an arbitrary constant contamed in, the expression for H, outside the rod

H, = c, HY (ky, p) cos¢ ey, ] (59)
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Compatng eqn (39) with that obtawed fo1 (H ) eqn (56),

4f, F. b b
Cp ™= — 1 “i':} FZ I:F3 H1m ('2‘ xi’m) + (E x?m) H((Jl) <‘ X'p, )J

Substituting 1n eqn  (54),

P:"m "‘;%iFSHm "“‘)'F(b -m>Hu< 3‘“»1){

The total surface wave field due to all the higher order modes 1s

P,=} P, , since the modes are orthogoral, the power s additive.

14, Launching efficiency

The launching efficiency is defined by

2
p.+p"

7}:

15. Numerical evaluation

The launching efficier oy v, the total surface wave power P,, and the total radiated power
have been calculated for different degrees of overmoding Fig. 4 (a-f) shows the
variation of radiation field with 0 for different diameters and different values of b/a.
Figs c-e are the overmoded guides supporting higher order modes as indicated Fig 5
shows the variation of the total surface wave powet with b/a both for single moded (—)
and overmoded rods (— —). The vanation of laurchirg efficiency with /g 15 given

i Fig. 6

16. Discassion

The following observations can be made from Figs 4-6.

(1) Simce the radiation field [eqn (53), Fig 4] 1s indeperdent of the propagation con-
stants k;,, and k,,, and the mode amplitudes, 1t 18 independent of the higher order modes.

{n) The surface wave field however depends on the higher o1der modes (Fig 5) which
appear as the rod diameter (2 @) 1s ncreased Decrease of radial field spread with
increase 1n (2 @) result 1n the wave bemng moie tightly bound to the rod

(1if) For single moded rods (Fig. 6) 5 decreases with increase n (2 ) whereas 7 increases
with (2 4) for overmoded rods

(tv) Similar observations as the characteristic of 7 have been observed regarding the
gem for overmoded rods,
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