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the octave range 60° <6 <120° are shown in
Table 1.

TABLE I
| Theoretical | Experimental
Isolation >22 db >18 db
Input Match <1.5:1 <1.4:1

The performance figures observed from
the four possible input terminals are similar
over this frequency range.

S. J. RoBINSON

For Durector

Mullard Res. Labs.
Cross Oak Lane
Salfords, near Redhill
Surrey, England
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Lightweight Y-Junction Strip-Line
Circulator*

In a recent issue, the practical realization
of a V-junction strip-line circulator was de-
scribed! which used disks of yttrium iron
garnet located at the junction of the 17
magnetically biased above resonance at ap-
proximately 2200 gauss. By using a material
with a lower saturation magnetization (mag-
nesium, manganese, aluminum ferrite, 4= M,
=600) we have reduced the bias field re-
quired to approximately 190 gauss for fre-
quencies in the 2-kMc¢ range and to approxi-
mately 800° gauss for frequencies in the
1-kMc range, thus reducing considerably
the weight of the circulator. If the circulator
is to be operated as a switch, the reduced
field requirements permit faster switching
times or, for a given switching time, a con-
siderable reduction in power supply require-
ments.

Fig. 1 shows the results of a circulator op-
erating at a fixed magnetic bias of 190 gauss.
Although no attempt was made to deter-
mine the optimum ferrite diameter for this
frequency range, it is felt that the perform-
ance of the circulator would be improved if
a more optimum diameter were used.

Below 1400 Mc, the performance of the
circulator was degraded at these low biasing
fields, but by reversing the polarity of the
magnetic field and biasing above resonance,
good circulator action could again be ob-
tained. Reversing the biasing field and bias-
ing above resonance does not change the
direction of circulation, as may be seen by
referring to the equation below given by

* Received by the PGMTT, August 15, 1960.
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pD. 346-351; May, 1960,

IRE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES

50+
ISOLATION
a0, ARMS 1-3
Q| z0-
20r
INSERTION LOSS
ior ARMS |-2
i
140

2240 2260 2280 2300 2320
FREQ -MC

Fig. 1—Circulator characteristics with fixed dc
magunetic bias; Hpc =190 gauss.
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Fig. 3—Circulator characteristics with fixed de
magnetic bias; Hpc =820 gauss.
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Auld? for the change in the ath eigenvalue
(8ss) of the scattering matrix of the sym-
metrical Y-junction due to the application
of the magnetic biasing field. The magnetic
biasing field splits the reciprocity degen-
eracy of the eigenvalues to give circulator
action:
b &
8= —j———= 2. A_t04,@

Zop? pa_,

r R
. g(lj' — I‘«u) ; f,p‘f"’) .fp(a)].d},

R
T e f kefoyo X fp(“)rdrga =0
0

where p and « are the components of the
peameability tensor and the other symbols
are as defined by Auld.?

A typical variation of u and « as a func-
tion of magnetic field is shown in Fig. 2. The
magnetic biasing field is adjusted to make
p—uy =0 either above or below resonance.
Since « reverses sign above resonance, there
is a reversal in the direction of circulation,
but by reversing the biasing field, the direc-
tion of circulation remains the same. Fig. 3
shows the characteristics of a circulator bi-
ased above resonance but still only requiring
a magnetic field of 820 gauss. Here again it is
felt that the performance would be improved
if ferrites of optimum diameter were used.
Thus by using a material with a lower satu-
ration magnetization than yttrium iron
garnet, bias field requirements are reduced
with a consequent reduction in weight of the
circulator.
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A Novel Broad-Band Balun*

Broad-band baluns have recently become
the subject of renewed interest, particularly
those suitable to couple spiral or planar log
periodic antennas to the commonly used
coaxial lines.!™3

To make such a balun capable of operat-
ing over the frequency band of 1000-4000
Mc and to take advantage of the strip
transmission line techniques, the broad-band
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