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Novel Method to Orient
Ferrimagnetic Single-Crystal
Spheres*

The method used to orient ferrimagnetic
single-crystal spheres has been the tradi-
tional X-ray technique. It is the purpose of
this article to propose an orientation method
which is simple and inexpensive, and which
may be carried out by the microwave engi-
neer or technician in his own laboratory.

Most of the ferrimagnetic materials have
either a cubic or hexagonal crystal structure.
The easy direction of magnetization in a
cubic crystal is, in most cases, the body
diagonal or sometimes the cube edge. If the
specimen has a hexagonal structure, then the
easy direction could be found along the
C axis or in an easy plane of magnetizaion
perpendicular to the ¢ axis.

In a uniform magnetic field, an easy axis
of such a material aligns itself with the field
lines, provided it is freely rotatable. This
condition can be attained by a low-viscosity
liquid with a specific density greater than
that of the sample in question, e.g., mercury.
The crystal sphere will be able to float on its
surface. For most materials, the determina-
tion and marking of two of the easy axes are
sufficient to obtain an intermediate or hard
direction (Fig. 1).
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Fig. 1.

For the cubic structure, with the body
diagonal as the easy direction (e.g., YIG,
NiFeOy, Fe;04), an intermediate axis will
be found in a direction which is represented
by the bisecting line of two easy axes when
they are 70%4° apart. A hard axis will be
found in a direction which is given by the
bisecting line of two easy axes when they are
109%° apart. For the cubic structure with the
cube edge as the easy direction (e.g.,
CoFe0,), an intermediate axis will be found
in a direction which is represented by the bi-
secting line of two easy axes. A hard axis
(now the body diagonal) will be found in a di-
rection which is 354° apart from the bisecting
line of the easy axes, as shown in Fig. 2. In
the case of the hexagonal crystal structure
with the easy direction along the ¢ axis,
the hard direction is anywhere within a plane
perpendicular to the ¢ axis. The ¢ axis, being
a hard direction, may be found at an angle
of 90° from the easy plane, which is deter-
mined by two markings.

The accuracy of this method is influenced
mainly by the marking and mounting tech-
nique. Deviations by the marking needle
from the correct alignment can result in in-

* Received by the PGMTT, September 29, 1961,
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Fig. 2—Magnetization axis in a cubic crystal of the
CoFeOq4 type.

accuracies in marking the easy axes. Another
source of inaccuracy resides in the possi-
bility of asymmetric distribution of the
marking paint on the sphere with respect to
the needle point.

The tests carried out to date on the de-
scribed crystal orientation method have
yielded satisfactory results. These results
reflect the angle dependence, which is to be
expected. A YIG sphere was mounted on a
teflon rod and rotated around its interme-
diate axis, thereby permitting the display
of all three main axes in a plane normal to
the axis of rotation. This was verified in a
longitudinally-pumped, parametric ampli-
fier utilizing the magnetostatic mode of
operation. The applied Hpc field necessary
for parametric interaction showed a distinct
variation with changes in angle, whereby the
maxima and minima coincided closely with
the main crystal axes.
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Tunnel Diode Burnout from the
Video Transient of Gaseous
Noise Sources*

The helix-coupled, coaxial, gaseous noise
source poses a burnout hazard to tunnel
diodes unless certain precautions are taken.
The attached oscillograms illustrate the
transient in question. Typical short-circuit
peak currents are 300 ma. The transient is a
consequence of the sudden forced transition
of the helix core from a nonconducting, un-
ionized gaseous media to that of a conduct-
ing plasma. The transient coupled to the
helix is easily suppressed with a high-pass
or band-pass filter, or even by adequate pad-
ding. If only a pad is used, a word of warning
is in order. The pad must be of the type that
attenuates video, as well as radio, frequency.

Fig. 1 shows the transient coupled to the
helix with the helix unterminated at both
ends. Fig. 2 shows the transient on a faster

- time base when the helix is terminated at

one end in a 50-ohm resistor. The average
power for a 500-cps switching rate measured

* Received by the PGMTT, October 6, 1961. The
work was conducted with support from the U. S.
Army, Navy, and Air Force,
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Fig. 1—Capacitively coupled transients measured
between helix and ground with the helix loaded by
the Tektronix high-impedance probe, (impedance
4 pf and 10 MQ), The abscissa is 5 usec per cm
(large division); the ordinate is 200 v/cm.

Fig. 2—The picture here differs from Fig. 1 in that the
anode end of the helix is terminated with a —50-
ohm resistor. The abscissa is 0.5 usec per cm; the
ordinate is 10/cm.

with a 50-ohm thermistor bridge was ob-

served to be 1.2 mw with the helix untermi-

nated, and 0.1 mw with the helix terminated

in a 50-ohm resistor. Several diodes were

destroyed when subjected directly to the

transient, 4.e., with the helix otherwise un-
terminated.
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Some Remarks on “Radiation from
a Rectangular Waveguide Filled
with Ferrite”*

These remarks concern the solution of
the boundary value problem for the case of
longitudinally magnetized ferrites between
two perfectly conducting parallel planes.
The above-mentioned paper by Tyras and
Held! treated only a very special particular
case of propagation in the anisotropic media.
A more general approach to the problem
and a general solution will be given in this
note. Throughout this note the author has
kept most of the notation as in the original
paper.

Tyras and Held have stated the required
boundary conditions in the form:

E =0 (1a)
dE,
+ ¥ [ Bax=0 (1h)

dx

* Received by the PGMTT, September 29, 1961,

! G. Tyras and G, Held, “Radiation from a rect-
angular waveguide filled with ferrite,” IRE TRANS,
ON  MICORWAVE THEORY AND TECHNIQUES” vol
MTT-6, pp. 267-277; July, 1958,



