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K,=0.4, the expected w-8 diagram calcu-
lated from (2) is shown in Fig. 2. Since 8L
is a known function of w in a given struc-
ture, the ordinate of Fig. 2 could have beent
plotted in terms of w.

Consider now the situation when the far
end of the periodic structure is shorted at Pe.
The impedance seen by the input line at Py
is obtained from the results of Slater

sin 8L
in = iZy —
Ja0 sin 8oL

@

where the term
sm ﬁL
sm Bol

is the image impedance of the loaded line.
Substituting the values of oL given by (2)
and Fig. 2 into (4) would give the variation
of Zi, with changes in L. The null positions
in the input line can also be expressed in
terms of these values of Zi, as follows. The
reflection coefficient “seen” by the input
line at Py is

Zin - ZO
Ky = —= =2
Z'm + ZO
or from (4)
L
« + 2arctan (— ——ﬁ— tan 60L>
n BoL
K=t

®)

A null occurs on the input line at a distance
S from the point Pi, where

2
— YS (27)
sin 8L
tan 58,L 0
+ 2 arctan ( B an 58 )
or
L
arctan (—— — '8 tan SBQL)
ﬁoL
e ©
A 2

If the values of S/A given by (6) were
plotted against BL, choosing the solution
whose magnitude was less than 1 each time,
the cross-over points where S/A=0 would
give the frequencies where 58oA =nx. These
would correspond to BoL =0, 0.2x, 0.4w,
0.67, 0.87, and 1.07 in the example under
consideration.

In an experimental procedure, reference
nulls which were a multiple of A/2 away
from P; would be taken and the motion of
the nulls of the circuit under test about
these would be observed. Fig. 3 shows the
expected curves for the example under con-
sideration when the reference null is taken
A/2 away from point P at each frequency.
The intersections of these curves give the
values of BL corresponding to 580 =#nr as
can be seen by comparing Fig. 3 to Fig. 2.
As shown by Fig. 3, the values at the edges
of the pass bands are not included by this
procedure. In this example, obviously, the
reason at the lower edge is the difficulty of
including the long wavelengths. At the
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upper edge, the reason is that the image
impedance approaches an infinite value and
(4) approaches a finite value instead of zero
as might be expected from the tan 58.L
term. However, these edge-points can be
located anyway from the knowledge of the
pass band.

The application of this technique is not
limited to the simple situation shown. For
example, the characteristic impedance of the
input line need not be the same as that of
the loaded line so long as the reference nulls
are located correctly. It is not necessary to
have the By/2 matching sections at the end;
the same results would be obtained if they
were equal to Bo. Other types of loading
can be handled as well as waveguide struc-
tures. Fig. 4 shows a comparison of experi-
mental and calculated data for a structure
consisting of seven 0.032-inch diameter in-
ductive posts in the center of X-band wave-
guide (1 inch by % inch outside dimensions)
and spaced 2 cm apart. Although the exact
shapes of the curves may vary depending on
the actual situation, the technique can be
applied to many periodic structures.

The efforts of S. N. James in construct-
ing the circuit and making the measure-
ments and calculations for Fig. 4 are grate-
fully acknowledged.

Opis P. McDUFF
Elec. Engrg. Dept.
University of Alabama
University, Ala

Synthetic Transmission-Line
Impedance Transformers*

Somlo! has presented a convenient pro-
cedure for obtaining the characteristic im-
pedance and length of a single section of
lossless transmission line to match two im-
pedances. One impedance and the conjugate
of the other are plotted on a circular trans-
mission-line chart, z.e., Smith or Carter
chart. A circle is drawn through the two
points with its center on the X =0 axis. If
the circle does not lie entirely within the
R =0 circle, the two impedances cannot be
matched with a single section of lossless
transmission line with real characteristic
impedance. However, if one does not require
that the transmission line have a real char-
acteristic impedance, it can be synthetized
by a symmetrical T or = network consisting
of either lossless inductances or capacitances.

A graphical procedure for obtaining the
parameters of such a section of synthetic
transmission line is presented here. The load
impedance Z4 and the conjugate of the
source impedance Zg* are plotted on a cir-
cular transmission-line chart, as shown in

* Received April 5, 1962.

1 P. I. Somlo, “A loganthmic transmission line
chart,” IRE TRANS. ON MICROWAVE THEORY AND
TL‘CHNIQUES (Correspondence), vol. MTT-8, p. 463;
July, 1960.
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Fig. 1. (Fig. 1 is in two parts to avoid crowd-
ing of lines and points.) An extended chart?
is used because all points do not line on a
conventional chart. The Carter chart is pre-
ferred over the Smith chart because less
arithmetic is required,

The circle P is drawn through Z4 and
Zg* with its center on the =0 line. The
two possible characteristic impedances of
the transmission line are Zg= ++/R:i X Ra
and Zp= —+/R1 X R:. The two values of Z,
are also given by the intersections of the
circle P and the 8= 190° circle. If Z4, Z5*,
and all other points on the circle P are nor-
malized with respect to one of the possible
values of Zo, say Zu, and replotted, they lie
on a straight line through the center C of
the chart.

The line MN onto which the circle P is
mapped can be determined by drawing lines
from Zgy through R; and R, to obtain the
points of intersection M and N with the
6 =490° circle. The point Zy is mapped
onto the point C, R; onto M, R; onto N, and
Zy, onto Z= —1, which is located at in-
finity. If a point lies on the circle P between
Zy and Ry, it is mapped onto a point inside
the conventional chart, 7.e., within the
6=190° circle; otherwise, the point is
mapped onto a point outside the §=190°
circle, 1.e., its resistive component is nega-
tive. The points Z4 and Zz* are mapped
onto the points Z4; and Zg ¥, respectively.

Let T4y and I's* denote the voltage
reflection coefficients associated with Za
and Zp*, respectively. the ratio I'sy*/T'a1
may be set equal to exp(—2yl), where
corresponds to the propagation constant and
! corresponds to the length of a section of
conventional transmission line. If the char-
acteristic impedance of the transmission
line is real and the line is lossless, v is
imaginary. However, in the case of the syn-
thetic line, y is real. In either case,

1 —exp (—2+])
Zse = Zytanh ol = Zg 2
ST SR E S K e (—24))

and

14 exp (—2+0)
Zoo = Zycoth yl = Zo —
o0 T RSO T T e (—24D)

The values of Zgcand Zoc for the Tor «
network can be obtained graphically, as
shown in Fig. 1(b). Draw lines from Z4 to
Z=0 and Z= . Draw lines from Zg*
parallel to these lines to locate Ry=Zs¢/Zn
and Ry=2Zp¢/Zn. Draw a line from Zy
through Cto locate K=1/Zy on the = +90°
circle. Finally, draw lines from K through R;
and Ry. The points of intersection with the
6 =190° circle are Zsc and Zoc.

For the construction shown in Fig. 1,
Za=2.5/~—20°, Zg*=1.5/—60°, Ry
= —0.142, Ry=2.643, Zy=—Zp=70.612,
M=70.231, N=-—j4321, Z;=4087
/—110°, Zp*=2.452/~150°, Rz= —0.264,
Ri=—3.776, K= —371.635, Zgsc= —j0.162,
and Zo¢ = —72.309.

1H, ¥F. Mathis, “Extended transmission-line
charts,” Electronics, vol. 33, pp. 76, 78; September 23,
1960,
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It is interesting to consider what results
might have been obtained if Zg had been
used as the characteristic impedance. In this
case, the new wvalues are M= —j0.231,

N=j4321, Zu=4.087/70°, Zp*=2.452
/30°, K=j1.635, Ry=0264, Ri=3.776,
Zsc=—j0.162, and Zog=—;j2.309. The

same values of Zs¢ and Zo¢ are obtained

in either case. In this case, all points lie on
a conventional chart.

H. F. MaTtHIS

Antenna Lab.

Dept. of Elec. Engrg.

The Ohio State University

Columbus, Ohio

A Unique Solid-State Diplexer*

A diplexer is a familiar device which
readily combines two separate radio-fre-
quency signals to permit simultaneous trans-
mission through a single transmission line
or separates a composite signal into its
constituent parts to permit each part to be
transmitted or proceed individually. This
correspondence describes a unique method
of deriving diplexing action in a simple
Y-junction circulator, and suggests a meth-
od of diplexing in other devices which depend
upon the phase shift properties of ferri-
magnetic material for their operation.

The general properties of symmetrical
junction circulators are well known. At most
frequencies of interest a circulator can be
made to operate in a condition such that
the applied dc biasing field is either above
or below ferrimagnetic resonance. The di-
rection of signal flow from port to port
around a circulator changes when the ap-
plied field is shifted from one side of reso-
nance to the other.

Experiments were performed in our lab-
oratory to determine the optimum fre-
quency of operation and the dc biasing field
required for operation at the optimum fre-
quency in a circulator, both below and
above resonance, for a series of aluminum
substituted yttrium-iron garpets. Figs. 1
and 2 show how the frequency and field
change as a function of 4xM, Note that
at a 4w, of 320 the same field is required
for operation at the optimum frequency
above resonance (5.5 Gc) as is required be-

* Received April 5, 1962.
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low resonance (7.4 Gce). Typical loss and
isolation characteristics as a function of
frequency are shown in Fig. 3. Fig. 4 de-
picts the operation of the device and how it
can be used in the separation or combination
of two signals. The isolation between chan-
nels was approximately 30 db and the loss
was approximately 1 db. It seems likely that
by using the same principle, that is simul-
taneous operation above and below reso-
nance, a four-port phase shift type of du-
plexer (assuming broad-band microwave
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Fig. 3—Typical loss and isolation as
a function of frequency.

Fig. 4~—Operation of a three-port circulator
as a diplexer,

components) could be adapted, by the

proper choice of geometry and ferrimag-
netic material, to perform as a diplexer.

The authors are grateful to J. L. Allen

who assisted in the preparation of the text

and to D. E. Tribby who assisted with the

laboratory measurements.

J. Brown

J. Crark

Solid State and Microwave

Component Development Dept.

Sperry Microwave Electronics Co.

Clearwater, Fla.



