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where x is the free space wavelength.

Eq. (2) shows that an increase in the

radius of the guide will decrease the

characteristic impedance, It is desir-
able to minimize the change in the

impedances at the junction. There-
fore, a larger diameter is preferred for

m~tching the circular guide to the

rectangular waveguide.

Frolm condition 1) above it it seen that

the necessary and sufficient coudition for
propagation of the dominant TEI 1 mode
while suppressing all higher order modes is

(3)

where AL is the wavelength at the low end of

the bancl and Mz is the wavelength at the
high end of the band.

From condition 2) above it is seen that

the optimum transformer design occurs at

the maximum permissible radius. Thus

(4)
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A Microwave Power Divider*

Recelnt literature has described the theo-
retical performance of unmatched power

di~-iderslz
.4 proposed multilaterally matched power

divider fc,r any number ~zof equal or unequal

FIST 1—Du-ectmnal coupler power chvider

outputs, 1s shown in Fig. 1, ~vhere

f’, = input power to the divider
P1 = OL tput power from the kth output

port

a~ = pcmer coupling coefficient of the kth
coupler=

P,,
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The synthesis of the divider to provide tr

outputs of prescribed values with a gi~,eu

input is straightforward. The x-al-ious a’s are

solved for from the relation

Ph
~k . ————— l<k<}l

k– 1
(1)

Pi–~P*
*=1

since

It

Pb=~Pq (2)
~=1

from energy considerations, the choice of all
P,, and hence all aq from g= 1 to g=n – 1,

quite determines P..
The isolation ain between output ports

Z and tit is

ah = rlln!nlcm (3)

where all a’s are in po~vcr ratios and al, is the

directivity of the coupler nearest the input.
This is a minimum isolation, since resistive

and coupling losses to intervening couplers
are neglected.

The divider proposed is 100 per cent
efficient; it is matched looking into any port;
the isolation between output ports is in-
finite (assuming perfect directi~,ity); fur-

ther, there is no theoretical limit to the
number of outputs or relative amplitude of

outputs that may be obtained consistent

with (2).
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On tlhe Efficiency of the Excitation

of Suwface Waves by Distributed

Coupling”

INTRODLTCTION

The excitation of surface wa~-eh on redc-

tive surfaces is accompanied by (OSSof power
\vbich is radiated directly from the region of

the feed. Since a surface w~ve supported by
a surface w~ve line is a (nonhomogeneous)
plane m-ax-e, it cannot be excitecl as the only
field of a current distribution of finite size

and amplitude.
The excitation efficiency is defined as

that fraction of the total power transmitted
through the exciting aperture, ~vhicb is con-

tained in the surface wave field. Excitation
efficiencies approaching theoretically com-
puted ~-alues ha~-e been achieved in pra,tice
by using horizontal or annular slots, but
these apertures usually presented to the
primary line highly reflecting loads, and con-
sequent introduction of matching structures

* Received by the PGMTT, August 3, 1961. This
note M a sequel ,to the autb?r’s report on “Improve,i
ment of the Excltatmn Efficiency of Surface lVaves,
M ,S. th,sms, Technion, Israel Inst. Tech., Haifa, Israel,
January, 1960.
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made the system rather frequency sensitive. 1

Set-eral methods have been described for

the measurement of the excitation etliciency;
most of these depend on some kind of meas-

urement on the reactive surface. j,s
The method for the excitation of surface

w-ares which is described in this paper is

essentially an application of the theory and

technique of directional couplers.4 I n our
exe, however, it is sought to achie~-e com-

plete power transfer from the primary line
onto the reactive surface waveline. The theo-
retical treatment will therefore be based on
Miller’s light coupling theory.~, The reader is
referred to M iller’s paper for a complete and

system~tic analysis of a system of coupled
transmmion lines. Here we shall summarize,
with the aid of Fig. 1, the most impcjrtant
results of this analysis.

/h~~”-

Fig, 1—A system of coupled tra,n;jmission lines,

1) W’hen two homogeneous transmission

lines are coupled along the axis of propaga-

tion, power transfer between the lines takes

place cyclically.
2) If, and only if, both lines ba~e i(lenti-

cal propagation constants, i ,e., YI =’ W( Y.

= am+.7b’.), complete power transfer is pOs-
sible, and the minimum length of the cou-
pling aperture necessary is given by
2cx~,n = ~ where c is the coupling coefflcieut

in nepers per unit length.

Complete power transfer is also possible
when y, —72=aI—aZ>0, but in this case

.Y~,,, will be different from the ~-alue gi~,en
above, and generally, in the presence of

losses, the term cowplete power transfer will
mean only that values of x exist for which no

power is present in line 1.
3) Ii:hen y, # yz, and in particulw when

(3I #@2, only partial power transfer will take
place. The maximum possible wave ampli-
tude in line 2 is, in this case, a function of

(PI –13j)/c and is defined as the discrimina-
tion function of the coupled system. In this

case, again, the point of ma~imuur possible
power transfer w-ill differ from the value of
x giver for y, —yj=O.-”
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