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microwave frequency, -1-port circulator has

been demonstrated most effectively by
Mauls, et al.] This communication reports
the results of an independe]lt and concurrent
development program at our Iaboratorv
which led to a similar L-band circulator
using a somewhat different configuration,

A block diagram of our circulator is gi~ren

in Fig. 1. It employs a g]u-ator which pro-
~ide~ 180° of differential phase shift and two

simple 90° hybrids of the quarter-wal,e,

coupled stripline type. Such hybrids cover-

ing an octave bancllvidth are readily obtain-
able.

The circulator described by Arams, et al.,

used t~vo 90° differential phase shift sections

which required the development of a wide-
band coaxial magic tee. Their ~rrangement

permitted use of shorter yttrium-iron-gal-net
slabs than in the case of a gyrator and
formed a convenient package in the UHF
range. Comparable losses are obtainable

with either arrangement, since only one-half
of the energy incident on a circulator using

a ~Yrator is attenuated in the longer slabs.
A cross section of the low-loss gyrator is

shown in Fig. 2. Best results were obtained

using yttrium-iron-garnet slabs (6.0” XO.396°

XO.250”) with low saturation magnetization
(4TM. = 600 gauss) and narrow linewidth

(AH= 50 oersteds). The garnet was biased

I COMPENSATOR
\

L \
IDENTICAL 3db HYBRID COUPLERS —

‘-9-3

b
4

Fig. I—Block diagram of circulator with circulator
symbol.
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Fig. 2—Cress-sectional view of yttrium-iron-garnet
gyrator.

I F. Arams, et al,, “Octave-bandwidth UHF/L.
band circulator, ” IRE TRANS. ON MICROWAVE
THEORY AND TECHNIQIJES, vol. MTT-9, PP 212-216,
May, 1961.

below resonance with a constant magnetic

field. Insertion losses were 1,0 db or less
from 1.10 to 1.70 Gc/sec and the isolations
were greater than 15 db as shown in Fig.
.3(a), (b), and (c). The upper frequency hmlt

of the experimental circulator was deter-
mined by the stripline hybrids which \vere

designed for the frequency range 0.8 to 1.6
Gc/sec.
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F]g. 3—Performance data for L-band circulator, (a)
Insertion loss as a function of frequency (b) Isolz-
t Ion between ad] scent ports as a function of fre-
q?lency, (c) Isols.tmn hetweell oupowtr ports m a
functiou of frequent!:.
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A Stepped-Dielectric Transformer

for Rectangular-to-Circular

Waveguide*

.% lov-reflection transition between rec-

tangular waveguide and circular guide can
be made using a teflon transformer inserted
into the circular guide. The transformer to

be described was designed to mate a circular

guide with R’R( 112) rectangular wa~-e-
guide. A stepped-dielectric transformer of
this type for WR(90) waveguide was re-
ported by OIinl and a stepped-dielectric
transformer inserted in a rectangular wave-
guide was reported by $1’hitemau, etal.’

* Received by the PGMTT, July 21, 1961.
I I. D. Olin, “Dielectric transformers for X-band

waveguide, ” Electronics, PD. 146–147; December,
1955.

s R. A. Whiteman, et al., “A low reflection dielec.
tric waveguide stepped taper, ” Prcx. Natioul Elec.
tronm Conf., vol. 14, PP. 393–412; 1958.
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The stepped-teflon transformer of Fig. 1

fills the entire cross section of the circular
guide, thus permitting pressurization for
higher peak power capabilities. A curve

showing the VSIVR for a prototype unit is
also shown in Fig. 1. The l’StVR increases
to 1.20 at frequencies of 7.0 and 9.0 Gc.
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FM, 1—Stepppd-teflon transformer.

In order to choose the diameter of the
circular guide the following steps should be
considered:

1) The TM,, is the first higher-order
mode which may propagate after the

dominant TE,, mode. The cutoff
wavelength for the TMol mode is

AC = 2.61a, (1)

where a is the radius of the circular
guide. Therefore, to maintain mode

purity, one should choose a guide di-
ameter small enough to stop the prop-
agation of the TMol wave at the
highest frequencv of concern.

2) The characteristic impedance as de-

lined by power and voltage considera-

tions for WR( 112) rectangular wave-
guide is 443 ohms at 8 Gc. For a cir-
cular guide of one inch diameter the
characteristic impedance is 1508 ohms
at the same frequency.

It is seen then, a one inch diameter
guide has an impedance se~eral times

greater than the impedance of
WR( 112) rectangular waveguide. The
characteristic impedance of circular
guide for TEI1 mode is given by3

Zzvv= —
754

/1_ (+)2- ,2,

3 G. C. Southworth, “Principles and Applications
of Waveguide Transmission, ” D. Van Nostrand Co.,
Inc., New York, N. Y., p. 125; 1950.
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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)

The author }vould like to ackno\vledge
many helpful discussions with S. Lehr, and
R. Mohr, He is also indebted to L, Bertan,
who superl-ised the project, and J. Ebert for

their many helpful suggestions.
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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,,

‘~ Received by the PGMTT, July 31, 1961.
1 E. J. ~rilkmson, ‘[An N-way hybrid power di-

vider, ” IRE TRANS. ox MICROWA>-E TSLEORY AMI
TJZCLLMQUES, vol. MTT-S, PD. 116–118; January,
1960.

~ H. Kagau, “N-way power dw,der, ” IRE TRANS.
ON MICROWAVE THEORY AND T~CFINTrQUES(Corre-
spondence), vol. hfTT-9, PP. 198–199; March, 1961.

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).

RICHARD J. MOHR

Microvmve Dynamics Corp.
Plainview, N. Y.

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.-”

I Because of the numerous contributions to the
subject dealt with in this note the reader is referred to
two survev miDers which contain exhaustive bibli-
ographies. ”

a) F. J. Zucker, “The guiding and radiltion of sur-
face waves, ” Proc. Symp. O?I ilfodmw Advances iu
Micmwaw Tech?&tques, Polytechnic Institute of
Brooklyn, N. Y,; 1954,

b) .+. F Harvey, <periodic ~,,d gttiding structures

at microwave frequencies, ” IRE TR LIVS ON MICRO-
WAVE TEI~ORy AND TTJCHNrQ~7~S,vol MTT.8, pp.
30–61; January, 1MO

3 G. Goubau
pROC. IRE, VOI. 40, PP. 865–S68: ~,

3 R, H. DuHamel and J. W. Du
efficiency of wires and slots for a dielectric rod wave-
guide, ” IRE TRANS. ON MICROWAYE THEORY AND
TiZCELNIQWES,vol. MTT-6, PP. 277–284: JuIY, 1958.

4 R. T. Hanrattv. “An end-fire

~,,-“ On the excitation of surface ~Vavcs, ”
une, 1952.
mean, ‘8Lau]lching

X.-band flush an-
tenna b&e~ on the br?nc~-waveguide directional
coupler, 3’private commumcatlon.

5 S. E. Miller, “Coupled wave theory and wave-
guide applications, ” Bdt .SYs. Tech. .7., vol. 33, PP.
661–719: May, 1954,


