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TE Mode Excitation on Dielectric Loaded

Plane and Trough Waveguides*
Parallel

M. COHN~, M13MBER, IRE, E. S. CASSEDY$, MEMBER, lRE, AND M. A. KOTTII , MEMBER, IR:E

Summary—A theoretical and experimental study of the lannch-
ing of T-E surface wave modes on dielectric loaded parallel plane and

trough waveguides has been performed. The source is a linear trans-

verse current filament perpendicular to and extendkng across the

space between the parallel side walls. Families of curves are pre-

sented, which show the bidkectional Iaunchlng efficiencies for the

dominant TE modes of these two transmission lines as a function of

dielectric constant, dielectric slab thickness, and cm-rent filament

location, Measured bidirectional efficiencies are compared to the

theoretically predicted values. Measured unidirectional launching

efficiencies as high as 97 per cent were obtained for the case where a

short circuit is located on one side of the current filament.

INTRODUCTION

T

HE FIELDS produced by a time varying current

fdament 1) embedded in an infinite dielectric

slab of finite thickness, and 2) above and parallel

to an infinite dielectric coated conducting plane have

been analyzed respectively by Whitrnerl and Tai.2 The

purpose of this extension of the works of lVhitmer and

Tai is to investigate the efficiency with which particular

surface wave modes can be launched on these structures.

In the mathematical formulation of these problems, 1,2

physically unrealizable geometries and excitation con-

ditions are assumed. The method of excitation is un-

realizable since the current filament is assumed to be

infinite in length and independent of the coordinate in

the dir:ction of current flow. If two parallel conducting

planes, spaced a finite distance apart, are located on the

above structures so as to be perpendicular to the current

filaments, then the physically realizable dielectric

loaded parallel plane3’4 and through waveguides result.
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The fields which existed on the original unrealizable

structures are undisturbed by the addition of the two

parallel conducting planes, but the total power emanat-

ing from the unit current filament is now finite, The

current filament can be energized from a coaxiall line

feeding through one of the side conducting walls, with

only the center conductor crossing the lines and con-

tacting the opposite wall. The variation of the current

strength in the direction of its length can be nlade

arbitrarily small by making the distance between the

two parallel planes of the parallel plane (or trough)

waveguide sufficiently small compared to the free space

wavelength. It is thus possible to apprc,ximate closely

the theoretically assumed conditions on practical trans-

mission lines capable of supporting surface wave prop-

agation. The existence of these surface wave structures

provides the motivation for investigating efficient

launching methods.

TEN MODE EXCITATION AND DIELECTRIC LOADED

TROUGH WAVEGUIDE

An analysis of the fields produced by a periodic time

varying current filament above and paralllel to a di-

electric coated conducting plane has been performed

by Tai.’ Although Tai’s analysis takes account of the

existence of surface wave modes, his paper is primarily

concerned with the effect on the radiation pattern

caused by the introduction of the dielectric coating on

the ground plane.

Tai has solved the inhomogeneous wave equation in

the space shown in Fig. 1(a) to determine the electric

field in region 2 (Euz) created by the filamentary unit

current element located along the line ~== d, z =0, This

method of excitation is unrealizable since the current is

assumed to be independent of y and in flnit,e in extent

in the y-direction. The only field components that can

exist, therefore, are Eu, Hz, and H=. These field com-

ponents will also be independent of y. If conducting

planes are placed at y = O and y = b, the above fields are

undisturbed, and the physically realizable trough line

configuration,4 of Fig. 1(b) results.

Tai has shown that the electric field in the region

above the current filament (x> d) is given by

jcopo

f

@ k, sinh k~(d – a) + k, tanh kla cosh Iza(d – a)
Egz(x, Z) = — —

27r –m ka(kl + kz tanh kla)
@ (a-z)ei@,d@, (1)
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Fig. l—(a) Dielectric coated conducting pl:ne e~cited by an in-
finitely long umt current filament. (b) Dlelectrlc loaded trough
line excited by a unit current filament.

where kl and kz are the x-direction wave numbers of

regions 1 and 2, which are related to the propagation

constant (6), angular frequency (co), permeability (PO)

and permittivity (61 or ez) by the following equations:

klz = B2 – W2/.LOEl, (2)

k# = & – W9.W2. (3)

The real integral (1) is evaluated by considering it to

be a contour integral in the complex 6 plane and ap-

plying the Cauchy Residue Theorem. The integrand of

(1) is multiple valued at k, = O and k, = O, but is an even

function of kl, and hence the only branch points occur

at

fib = + %“~, (k, = O).

The integrand of (1) has poles at &13P determined by

klp + kzp tanh klpa = O, (4)

where klfl and kzp are the transverse wave numbers kl

imp+
I

R

—
--rep

Fig. 2—Contour of integration in the j3 plane.

and kz at the poles of (1). A path of integration in the

complex (1-plane which assures convergence of the in-

tegral is shown in Fig. 2. In the limit, as R-m, the con-

tributions to the integral from the circular arcs R1 and

RZ approach zero. The integral (1) is therefore equal to

the integral along the branch cut (I’) plus the residue

due to the pole at ~,. Prior to evaluating the branch cut

contribution, the path of integration is deformed from

17 to a new path of steepest descent, which passes

through the saddle point of the integrand. The coor-

dinates are transformed to the cylindrical coordinate

system shown in Fig. 1, following the method of TaP

but using a different coordinate system. Upon per-

forming the saddle point integration, which is valid for

large r, the following formula is found for the branch

cut contribution to the electric field.

where:

cos O tan
: ‘K’- ‘in’olcos[fw-oco”][()

-1-

(5)

(6)
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Eq. (5) is recognized as the electric field of a radially

propag sting cylindrical wave. Eq. (6) is the field in-

tensity radiation pattern of this wave. In the degenerate

case, when a = O, the radiation pattern reduces to the

well known solution for a current filament above a

ground plane.

The evaluation of the pole residue contribution to

the total field requires some interpretation. If the homo-

geneous wave equation for TE modes on the source free

trough line is solved, one obtains (4) as the necessary

condition to satisfy the boundary conditions at the

dielectric-air interface. Furthermore, when one eval-

uates the contour integral (1), the residue contributions

from the poles are in the following form:

F(d, a, Ao) ek2~(a–’)e~~@.

It has been previously shown3,4 that the above solutions

represent modal solutions, or surface waves propagating

in the z-direction. 8P must be real for a dissipationless

structure. In order to satisfy the radiation condition,

kzp must be real and positive, which requires that

klp be pure imaginary and restricted to certain inter-

vals. Let kl~ =jkl~ and kzp = kz~, where kl~ and kz~ are

the symbols used for the transverse wave numbers de-

scribing the modal solutions. The subscripts “e” and

‘(0” are used to denote respectively the modes having

even and odd symmetry which can exist on the dielec-

tric loaded parallel plane guide (only the odd modes

can exist on the dielectric loaded trough line). By mak-

ing use of (2), (3), and (4) and the fact that klp =jkl~,

the following result is obtained

,2a’() [1–(K1– l)=*.
‘- All

(7)

Solutions of (7) which yield the characteristics of the

TE~O modes on the trough line are available.s,4 The

even symmetry modes correspond to m being an odd

integer and vice versa. In order for the TE~o mode to

propagate, the following inequality must be satisfied:

m—l
;> —

2<K, – 1 “
(8)

In the remainder of this analysis, it is assumed that only

the pole corresponding to the TEzO mode (dominant

r

mode of the trough line) exists. Therefore,

is valid only for the following interval:

1 2a 3

547

the analysis

When the pole residue is evaluated, the following ex-

pression for the electric field of the TE20 mode in re-

gion 2 is obtained:

(kloa) sin’ kloa
E.%”(X, z) = Lq.L”—

(M) (tan kIOa – k~,a)
e-k’o’d-’u+’)+~~~’, (9)

By the use of (9) and the required boundary conditions

at the dielectric-air interface, it is a routine matter to

determine the other field components of the TE20 mode

in regions 1 and 2. The total surface wave power flow-

ing in the positive z-direction (PJ can then be calcul-

ated, and when the power has been normalized with

respect to the trough line width (b) and free space

wavelength (ho), the following result is clbtained:

P*AO (kloa)’ sin’ kloa
— = 60#

b

d=2(:Y
h“, – (klOa)z(klOa – tan k,oa)

. e—2kxw (d/a—l) (lo)

The values of klo and kzo to be used in (10) may be

obtained from the previous results of Cohn4

By the use of (5) and (6) the total radiated pclwer

can be calculated, and when normalized with respect to

b and AO, it is given by the following expression:

where

=-in l”(a(+-‘)Cosel

(11)

2a[() ‘1 [“(;)(:-l)CoSol~.V’KI–sin O coscos 0 tan ~ —

+

d [()

(12)
2a

KI – sinz % + COS2O tanz T ~ 4K1 – sinz @1
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I F(O) 12 is the power radiation pattern produced by this

configuration. Sample plots of I F(O) 12 vs O for various

values of (d/a) and particular values of K1 and (2a/~0)

are shown in Fig. 3. Since I F(O) I is an even function of

0, it is only necessary to plot F(O) from 0° to 90°.

Graphical techniques have been used on the many

sets of curves like those in Fig. 3 to obtain the integral

of I F(O) 12 and to determine pR~O/b as a function of

Kl, (2a/XO), and (a?/a). Use was made of (10) and the

previously determined properties of the TEZO mode in

order to calculate PJO/b as a function of Kl, (2a/~0),

and (d/a).

This method of launching the TEZO mode is inherently

bidirectional, that is, equal amounts of surface wave

power will be launched in the positive and negative Z-

directions. The bidirectional launching efficiency (q) is

defined as the ratio of the surface wave power in a de-

sired direction to the total input power.

Pz

‘Z2PZ+PE
(13)

and normalized current filament position (d/a) is

shown in Fig. 4. These curves are for a dielectric con-

stant of 2.56, which is being used in the experimental

verification of this theoretical analysis. Similar sets of

curves for other dielectric constants have been com-

puted but will not be shown here.

TE1O MODE EXCITATION ON A DIELECTRIC LOADED

PARALLEL PLANE WAVEGUIDE

Whitmerl has solved the inhomogeneous wave equa-

tion for the case of the infinitesimally thin current

filament embedded in the dielectric slab as shown in

Fig. 5(a). The solution in this case has restrictions of

exponential decay for increasing distance away from

the slab in the outer region, but does not have the

restriction of the ground plane present in the problem

of Tai.2 The solution found by W7hitmer in the region

ml K, =2.56

It is thus apparent that even if the radiated power could

be completely suppressed, the greatest efficiency possi-

ble, as defined above, is SO per cent. A family of curves

of the theoretical bidirectional launching efficiency as a

function of normalized dielectric slab width (2a/h)

8

Fig. 3—Power radiation patterns produced by the unit current
filament above the dielectric coated conducting plane for various
filament locations.
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Fig. 4—Bidirectional launching efficiency as a function of dielectric
slab width for various values of current filament location.
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Fig. 5—(a) Infinite dielectric slap excited by an infinitely long unit
current filameqt. (b) Dlelectrlc loaded parallel plane waveguide
excited by a umt current filament.
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x > a, may be written as follows:

jw/.Losm (k, + kh)ek’(”+d) + (kl – ,&Je-k’(”+d)
Egz(tt,z:) = —

2?r -~ (k, + k,)%”l” - (k, - k,) ’e-”1”

. ~–kz (.–a)e?Pz@, (1.!)

where kl and kz are again the x-direction wave numbers

of regions 1 and 2 and satisfy (2) and (3). Whitmer has

discussed the contributions of poles and branch points

in the integrand shown in (14). The same situation ex-

ists for this integral as did for the solution of Taiz,

namely, that the poles contribute modal solutions, in-

tegraticln along the branch cut yields the radiation

term, and the remainder of the path contributes a

vanishing amount in the contour integration.

The integral, (14), has branch points at:

and poles determined by:

(klp + k,p)e~’a + (k~n – k.Je-”a = 0. (16)

Following a path of integration similar to that shown

in Fig. ;! were have found the following contribution for

the radiated field after again deforming the path r to

the path of steepest descents.

E’+x:)’’’’(”’z’ (17)

where:

for
—

j[(A+B)@”A(l-~/a)+ (~ —~)e–ikaA(l–dla. )]~e?kaB
f(o) =–

(/4+B)’t?’’’”~- (~ _@2@ka’4
>

for

with

A = V’KI – sin’ 6

B= COSO

el = COK1, k = 27r/ho.

Whitmer had only indicated this expressicm with un-

evaluated constants and for the special case of observa-

tion near the slab. Here, we have found asymptotic

far field expressions for the radiation in any direction

in the space external to the slab, for the purpose of

determining the total radiated power.

The interpretation of the pole residue contribution is

identical with that discussed in the previous section.

In order to satisfy the radiation condition, kgp must again

be real and positive and klp pure imaginary. We let

klp =jkl. and k~p = k~e in order to have pm-e real trms-

verse wave numbers and to signify the modes of even

([’e”) symmetry. In the remainder of the analysis of this

section, it will be assumed that only the residue of the

pole corresponding to the TEIO H-guide mode3 exists.

This condition may be assured by proper selection of

the slab width according to (8). It has been shown3 that

the TE1o mode is the dominant mode 0[ the ~-g~lide

when the even symmetry modes are allowed to exist.

The even modes may exist, of course, when the ce~lter

vertical conducting plane (of the trough line) is not

present. The TEIO mode exists at all frequencies .md

exists as the sole mode of the ET-guide at all frequencies

less than the cutoff frequency of the TEZ, mode.

The condition for the pole becomes:

k~e – kle tan kl.a = O. (18)

This is identical with that found for the TIE1Omode3 ~~nd

when combined with (2) and (3) yields the conditional

equation found previously,3 for this mode:

()7r’ : ‘(K,– 1) = [Y::k;]’ . (19)

The solutions of this equation, found graphically,?

yield the transverse wave number kle which exists for a

given slab width (2a) and dielectric constant (KJ.

When the pole residue is evaluated, the following ex-

pression for the electric field of the TE1O mode in region

2 is found:

E:,(x, Z) =
— ww(kl.u) cos kl,a cos kl,d

e–M-a)+J%ls$ (20)

2(p,,a) (kl,a + cot kl,a)

It is again a routine matter to determine the other

surface wave field components in both the air and di-

electric regions. The normalized total surface wave

power may then be calculated:

The total radiated power in this case is given by:

y= 120Jokme. (22)

lj~lj~~i~~ the power radiation pattern of this con-

The bidirectional launching efficiency may be cal-

culated by substituting (21) and (22) in (:13). Fig. 6

shows the bidirectional launching efficiency computed

for polystyrene (K1 = 2 .56) as a function of 2a/h for

various d/a <1. Similar curves for other dielectric

constants also show that maximum efficiency occurs

for d= O.
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Fig. 6—Bidirectional launching efficiency as a function of dielectric
slab width for various values of current filament location.
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Fig. 7—Bidirectional launching efficiency as a function of dielectric
slab width for various values of dielectric constant with center line
excitation.

Fig. 7 shows the bidirectional launching efficiency for

various dielectric constants vs 2u/hO for d = O. Note that

the higher dielectric constants have wide ranges of

2a/hO where the efficiency is nearly 50 per cent. This

may be verified by arguments of approximate analysis

of rays emanating from the current filament. The rays

become “trapped” into a mode-like behavior for angles

of incidence on the interface greater than or equal to the

angle of total internal reflection. Thus, the higher the

dielectric constant, the smaller the angle of total re-

flection and, therefore, the more rays that will be

“trapped” into the mode. It should also be noted that

as the TEIO cutoff (2u/Ao = O) is approached, the launch-

ing etliciency goes to zero.

LEAKY WAVE CONSIDERATIONS

In all the discussions above, concerning residue con-

tributions from poles, it has been assumed that the

longitudinal and transverse wave numbers had to be

either pure real or pure imaginary. The residues from

such poles have been defined as “surface waves. ”

Barone5 has shown that when the complex poles of the

propagation constant /3 are considered, their residues

yield ‘(leaky waves. ” Although difficult to detect, these

s S. Barone, “Leaky Wave Contributions to the Field of a Line
Source Above a Dielectric Slab, ” Microwave Res. Inst., Polytechnic
Inst. of Brooklyn, N. Y., Rept. 532-56, PIB-462; November, 1956.

leaky waves are physically realizable.

The discussion of these contributions is carried out

in the transformed complex planel,5 @ = ~++ (where

6 = ~ sin 4), used previously as an aid to the steepest

descent integration. In either (1) or (14), the surface

wave poles lie along ~ =7r/2, ~ <O, and the leaky wave

poles lie in the region O <~ <7r/2, q >0. Residues due to

leaky wave poles must be included when the deforma-

tion of the path of integration into the steepest descent

path causes the pole to be included within the contour

integration. As such, the leaky waves merely constitute

a portion of the field representation which one has when

it is decided to use the saddle point evaluation as a

representation of the field. The leaky waves excited by

the line source attenuate exponentially along any

radius from the origin, for angles within the region of

definition.5 It is therefore apparent that the leaky waves

constitute part of the near field of the source in the

particular field representation. Furthermore, orthog-

onality considerations show that the leaky waves are

a part of the continuous spectrum of the source, result-

ing from the evaluation of the field integral along the

branch cut described previously. That is, orthogonality

is found to exist between each of the surface waves,

and between surface waves and the total continuous

spectrum, but not between individual terms (saddle

point terms and leaky wave terms) of the continuous

spectrum.G

It then remains to determine if the near fields of the

source, including both leaky waves and higher-order

contributions of the saddle point evaluation, play any

significant role in the experimental measurements de-

scribed below. Barone5 has calculated the lower-order

waves for the case of our experiment, namely the cur-

rent source above a grounded sIab of polystyrene

(Kl = 2.56). The leaky waves having the lowest rates

of attenuation are those for the case of the thickest

slab considered.b The greatest slab thickness considered

in the present work is 2a/AO = 1, for which thickness,

and less, only one leaky wave need be considered.7

Barone has calculated the rate of attenuation of the

leaky wave along the dielectric interface to be about

one neper per free space wavelength for a slab thickness

of 2a/A. = 1.08. The initial field strength of the leaky

wave in this case has been calculated by the writers to

be 19 times that of the surface wave. In seven wave-

lengths, therefore, the leaky wave will be approximately

35 db below the surface wave field strength at the slab

interface. Further calculations of the leaky wave fields

and the space wave components, as well as some sample

experimental probing of the field within seven wave-

lengths of the current element in the case 2a/~. = 1.08,

show that the surface wave is certainly dominant in the

‘L. B. Felsen and N. Marcuvitz, “Modal Analysis and Synthesis
of Electromagnetic Fields, ” Microwave Res. Inst., Polytechnic Inst.
of Brooklyn, N. Y., Rept. R726-59; June,. 1959.

7 Wave labeled N= 3 of Barone, op. c~t.
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vicinity of the slab for distances beyond seven wave-

lengths.

The absence of effects due to near field distortion

should then be obvious in the experiments described

below where all measurements of launching efficiency

were made with at least seven wavelengths of unob-

structed trough line and slab thickness 20/1.0 <1.

LAIJNCHING EFFICIIZNCY MEASUREMENTS ON THE

TROUGH LINII TE20 MODE

Measurements of the bidirectional launching effi-

ciency as a function of frequency and current filament

location have been made on a trough line specified by

the fclllowing parameters: KI ==2.56; a= 3.33 cm;

b = 0.79 cm. The method of measuring the launching

efficiency is based upon the following scattering matrix

analysis of the excitation structure. The trough line

and current filament exciter can be considered equiv-

alent to a four-port junction (Fig. 8); port 1 is the coaxial

input, ports 2 and 3 are the two surface wave ports,

and pclrt 4 is an antenna to account for the radiation

loss.

A triple stub coaxial tuner is included between port 1

and ths trough line so that a matched input can always

be achieved. Matched loads were placed in the trough

line on both sides of the current filament and along

the top of the trough line in order to provide reflection-

less terminations for ports 2, 3, and 4. These loads

consisted of tapered sections of white pine wood which

were impregnated with a liquid containing suspended

carbon. Since the junction is a reciprocal structure, and

because of the symmetry between ports 2 and 3, the

j uncticm matrix is

bl Sll S12 S12 .$14 al

bs .$12 S22 S23 .$24 a2

, (23)
b, “ .$12 S23 S22 S24 a3

b4 S14 SZ4 S24 S44 a4

where the a’s, b’s and s’s are respectively the elements

of the incoming, outgoing, and scattering matrices.

The launching efficiency from port 1 to port 3 (VKJ is

definec[ as the ratio of the power delivered to a matched

load at port 3 to the available power at port 1. With

matched loads at ports 2, 3, and 4 (az = as = a, = 0)

and the input matched due to the tuner (sll = O), it is

apparent that

lb, [2
q13 . —,al,, = I S1212. (24)

If the matched load at port 3 is replaced by a movable

short circuit, and if the triple stub tuner is not dis-

turbed (SII k still zero), a standing wave will exist on

the coaxial line which feeds port 1. The magnitude of

the voltage standing wave ratio will be a function of the

position of the short circuit. Positions of the short can

be found which will produce a maximum standing wave,

(a)

(b)

MATCHED CURRENT Mc)wA121 !=

TERMINATION FILAMENT
\

\ / ——. \

...- .,----
~ SHORT CIRCUIT

PORT 4

/

tb’$

] lb
PORT I

Fig. 8—(a) Top view of trough and current filament exciter. (b)
Equivalent four-port junction for current filament exciter

(VsWR)max! or a minimum standing wave, (vsw~. )min.

From (23) it can be shown that

7J13 =
~ s,,,, = [(vSwR)m~x - l][(vSwR)’min - 1] . (25)

(VSWR)rn.x (VSWR)~i,, -1

The accuracy with which the launching etlciency can

be measured

coefficient (p)

that

depends upon how close the reflection

of the short is to unity. It can be shown

(m3)meas”red = ] p] (T,,),rue. (26)

Thus, any imperfection of the movable short circuit re-

sults in a pessimistic determination of the Iaunc hing

efficiency.

The above method of determining surface wave

launching efficiency can be shown to be ecluivalent to

the method of Deschamps8 for determining the inser-

tion loss of a waveguide junction. Deschamps’ method

has been used previously to measure launching efi-

ciency.

Launching efficiency was first measured with a short

circuit which extended across the air region of the

trough line and reached the air-dielectric interface. The

resulting measured values of launching efficiency were

all much lower than the theoretically predicted values.

The short circuit and dielectric slab were modified so

that the short extended through the dielectric sklb to

s G. A. Deschamps, “Determination of reflection coefficients and
insertion loss of a waveguide junction, ” ~. AP@. P~YS., VO1. 14, PP.
1046-1050; August, 1953.

g R. H. DuHamel, and J. W. Duncan, “Launchiw efficiency of
wires and slots for a dielectric rod waveguide, ” IRE TRANS. oN
MICROWAVE THEORY AND TECHNIQUES, vol. MTT-6, pp. 27 V284;
JUIY, 1958.
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nearly the bottom conducting wall of the trough line.

Subsequent measurements of bidirectional launching

efficiency were made by moving the short circuit and

the dielectric slab as an integral unit. These measure-

ments were made over a band of frequencies from 1.8 to

3.6 kmc and for a number of values of normalized cur-

rent filament location (d/a). Fig. 9 shows a comparison

of the measured loss and predicted launching 10SS for

the case where d/a =1. 11. The small discrepancy be-

tween the measured loss and calculated launching loss

is probably due in part to the fact that a perfect short

circuit has not yet been achieved.

Measurements were also taken to determine if uni-

directional launching efficiencies approaching double

those just reported for the bidirectional case could be

achieved by properly locating a trough line short cir-

cuit on one side of the current filament. These measure-

ments were made by comparing the surface wave power

delivered to a matched detector at port 3 with and

without a short circuit located at port 2. The power

sampled by this detector was measured as a function

of frequency. At the center frequency (2.7 kmc), the

short was placed at port 2 and adjusted to maximize

the power delivered to the detector. The triple stub

tuner at the input port was readjusted to provide an

input match for this new configuration. After this initial

adjustment, the positions of the short and the tuning

stubs were held fixed. The increased power delivered to

the detector due to the addition of the short and

readjustment of the stub tuner was recorded. There-

after, the frequency was varied across the band and the

increase in detected power over that obtained for the

bidirectional launching case was measured. The results

for this unidirectional launching case are also shown in

Fig. 9. This curve shows that the power loss due to this

method of launching the TE20 mode is extremely low

over a broad band of frequencies and that the peak

efficiency achieved was 97 per cent.

CONCLUSIONS

The bidirectional launching efficiencies of TE sur-

face waves on dielectric loaded trough and parallel

Diane wavemides excited bv a current filament have.
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Fig. 9—Curves of unidirectional and bidirectional launching
loss for the trough line excited by a current filament.

been derived. Results are shown which indicate the

parameters for optimum efficiency. Experimental veri-

fication has been carried out in one case.

We conclude not only that is there a method of com-

puting the bidirectional excitation eficiency but also

that a unidirectional launching efficiency of 97 per cent

can be achieved for this configuration of feed. Finally,

these launching techniques are particularly applicable to

high dielectric constant lines, where launching is

normally difficult.
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