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range of 1 to4GHz. The tuner was checked
fortuning range with a slotted Iine and ac-

tuallyhas the capacity to tune outa2 to 1
VSWR down to 0.5 GHz. The tuner was

tested for reflectometer applications in a
combined waveguide-coaxial reflectometer
system. The directional coupler of the re-
flectometer could easily be tuned fordirec-

tivities of greater than 60 db.
The leakage from the tuner was checked

with asensitive receiver and the leakage to
the outside was down by more than 85 db

from the coaxial line power level.

W. E. LITTLE

E. NI~S~N
Radio Standards Engrg. Div.

National Bureau of Standards

Boulder, Colo.

Orientation of YIG Spheres for

Minimum Temperature

Dependence

Due to magnetocrystalline anisotropy

energy, YIGspheres dispIay a resonant fre-
quency shift with temperature variation.
By orienting the sphere along certain direc-
tions relative to the applied dc magnetic
field, this frequency shift with temperature

can be minimized. Clark, Brown, and Tribby

[I] have analyzed this problem, and re-

sorted to X-ray alignment using the Laue

back reflection pattern to obtain the tem-
perature-stable orientation. They have

pointed outthedifficulty in maintaining the
accuracy of alignment in transferring the
sphere from the X-ray apparatus to the

RF structure.
It is possible to do away with the costly

and time consuming X-ray orientation
method, and align the YI G spheres directly
in the RF structure intended for use. Be-

tween the limits of 1680 and 3360 Mc, a
YIG sphere operates in the coincidence lim-
iting region and saturates at input power

levels in excess of – 10 dbm [2]. If the garnet

sphere is not temperature aligned, applied

power levels above the limiting threshold
will result in heating of the sphere and

hence in a resonant frequency shift.

Fig. 1 shows the laboratory setup. The
sweep frequency generator is adjusted to
cover a range of a few hundred megacycles
above and below the resonant frequency, at
a power level well below the limiting thresh-
old. The high power C\JT signal generator is
adjusted for the resonant frequency. A

coaxial switch allows for rapid connection of

the signal generator or sweep-frequency gem
erator to the garnet sphere.

Initially, the sweep-frequency generator
is connected and the resonant frequency fo

is noted on the oscilloscope. Then the high
power signal is applied for a few seconds
and the sweep generator is reconnected. If
the sphere is not oriented for minimum tem-
perature dependence, the resonant point will
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Fig. l—Test setup.

appear displaced, and then will slowly drift
back to its original position. The entire pro-

cedure can be repeated rapidly, since only
the sphere is heated, and its mass is small.

By rotating the post to which the garnet
sphere is attached, an orientation can be

located such that the resonant frequency is
not displaced after high powers are applied.
Because of the anisotropy, the magnetic

field must be adj usted to establish resonance
at f~ after any change in orientation of the
garnet. Otherwise, the high power generator
will not be tuned to the resonant frequency
of the garnet sphere.

The above technique can be extended to
multiple-stage YIG devices. By means of an

RF probe, the first stage is temperature

aligned. The following stages are then syn-

chronously tuned with the first.
E. J. WROBEL
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An Empirical Formula for the

Design of Radial Line Filters

The present wide interest in varactor
parametric amplifiers and frequency multi-
pliers has led to renewed interest in band-

pass and band-stop filters suitable for mi-

crowave frequencies. In negative resistance
amplifiers it is essential to prevent leakage

of pump and idler frequencies into the signal
circuit and in multipliers it is necessary to

prevent outputs at unwanted higher har-
monic frequencies. In many such instances
simple radial-line band rejection filters are
adequate, combining high reflection within
the rejection band with low insertion loss at
other frequencies.
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A great deal of useful information for the
design of such filters is given by de Loa chl
and the present note reports a simple exl.en-

siou of his work. All measurements were
carried out using standard +inch air-filled

coaxial line (50 ohms) with dimensions

Inner Conductor O/diameter

0.120 inch ( =2a)

Outer Conductor I/diam~ter
0.276 inch ( =2 b).

A cross section through a typical radial

line cavity is shown in Fig. 1. From de
Loach’ (and intuiti~-ely), it is expected
that for a fixed cavity height h the c~,ity
diameter d will be inversely proportional to

frequency. Measurements were carried out
on cavities of fixed height (ID. 125 inch), but

varying diameters, having rejection fre-

quencies in the K-band region ( 12–18 ‘Gc),
and the results were graphed against recipro-

cal/linear scales. As expected, the PC,ints
were scattered about a straight line, and
the line of best fit was obtained by the
method of least squares. The equation of

this line, relating cavity diameter to r eso-
nant (rejection) frequency, is

‘=4+%3 ‘1)
where d is the cavity diameter in inches and

fo is the rejection frequency in Gc.
It must be emphasized that this is a

purely empirical relationship and as ISuch
is valid only for air-tilled cavities of height

0.125 inch, with input lines as specified
above. Further work is being carried out to

determine the relationship between h and

for fixed d.
Eq. ( 1) has been tested at frequencies

below h“ band, and is accurate, giving di-
ameters to within t 0.003 inch down to 8
Gc. With less accuracy ( i 0.006 inch) it is
uscable down to 5 Gc: below this frequency
air-filled cavities become inconveniently
large, and dielectric filling, as describell by

de Loach, should be adopted.
At high frequencies, application of (1) is

limited by the cmset of multimode propaga-
tion, which for the coaxial line dimensions
quoted occurs above 19 Gc: up to this limit
(1) may be used with confidence.

All cavities used in these experiments
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