
IRE TRANSACTIONS ON MICROWAVE THEORY AND

Size Effect in the Measurement

of Microwave Permeability

of Ferrites*

In the usual method of measuring the

tensor permeability of ferrites at microwave
frequencies, a small sample of the material

is placed in a suitable cavity, and the change
in resonant frequency and Q of the cavity,

caused by the presence of the ferrite, are
measured. The measured quantities are re-
lated to the quantities of interest—real and
imaginary parts of permeability-—by equa-

tions derived through perturbation theory. 1
In the deri~-atiou of these equations, cer-

tain assumptions are made about the effect

of insertion of the sample in electromagnetic
fields of the cavity. A simple way of stating

it is to assume that the fields of the cavity

are unchanged, except in the volume occu-

pied by the sample, though there are less re-

strictive formulations. Therefore, the fields

inside of the sample are uniform and thus
may be calculated as a static problem from
the uuperturbated fields in the cavit~-. Both
of these assumptions are approximations,
and are more accurate as the sample size de-

creases.
Although the effect of the finite sample

size has been calculated by several investi-
gators, the resulting formulas do not readily

lend themsel~,es to computations. As a prac-

tical problem, in the comparison of a number

of ferrite materials, it is of interest to know
how large a sample could be used to obtain

the measurements, yet apply the simple per-

turbation assumptions with confidence. That
is, the perturbation formulas are valid for a
sample which is sufficiently small. How small
is small?

In an attempt to provide a partial an-
swer to this problem, measurements were
made on spheres of two typical polycrys-

talliue ferrite R-1, a magnesium manganese

ferrite and yttrium iron garnet. The meas-

urements were made by mounting the sam-

ple in the center of an X-band TEIOI
rectangular cavity; and the change in the in-

sertion loss as a function of the applied
magnetic field was measured. The quantity
obtained is u“, the imaginary part of the
diagonal element of the permeability tensor.
The values of u“ were calculated from the
equation

U!, = ———_ .

‘:-’)=[’%Y1

where VO/Vl is determined from the ratio of
the insertion loss of the cavity at very large

static field to the insertion loss at a particu-
lar field; Qti is the unloaded Q of the cavity;
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V. and V. are volume of the cavity and the

sample, respectively. This formula gave
values of u“~ZX and line width which were

independent of size, within experimental
uncertainty, for all the samples.

It appears that the largest sizes con-

sidered were ‘fsmall” within the context of

perturbation theory. The size of the samples
were limited by the sensitivity of the ap-

paratus, i.e., by the largest insertion loss
that could be measured using the apparatus
shown in Fig. 1. The measured line width
and u“~,, as a function of sample size are
shown in Figs. 2 and 3 for R-1 and YIG,

Fig. l—Block diagram of the ripparat”s.
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~lg. Z—Line width and U’{MX as a function
of size for R-f ferrite.

Fig. 3—Line width and ~“~,x as a frurction
of size for YIG ferrite.

respectively. The largest sizes measured
were 0.035 inch in diameter for YIG, and
0.069 inch in diameter for R-1. These sam-
ples were ground to smaller sizes, so that all
the measurements could be made on the
same sample of ferrite,

The scatter in the measurements was

partly due to the change in Q of the cavity,
as it was disassembled and reassembled
whenever a different size sample was placed

in the cavity, and partly due to fluctuations
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in the static field. The latter was particu-

larly serious for the measurements made on
YIG samples.

This paper extends the measurements to
larger size samples, in order to compare the

experimental results with the calculated
values of size effect. The experimental results

obtained thus far indicate that the meas-
ured values of line width and permeability
are independent of size for samples of appre-
ciable volume. These results can be com-
pared to those of Spencer, et al,, on R-12 and
of Stinson on YIG.8 Stinson’s measurements,
howet,er, were made by a different tech-
nique.
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Cutoff Variable Reactor*

When relatively high positive reactance

is required for coaxial line circuits, the cutoff
variable reactor can economize space. In

Fig. 1, a schematic diagram of the cutoff

variable reactor is shown. For z <O, there is
the coaxial line; and for %>0, there is the

cylindrical waveguide operated in cutoff re-

gion with the variable shorting plunger

shorting the waveguide at the distance s.
For simplicity, it is assumed that there is
TEM mode alone on the coaxial line and
TM 01 mode alone in the waveguide. The
wave equation of H can be solved under
these assumptions, together with the follow-
ing boundary conditions:

(1)

and the input current,

1=$ [H,l.=d+= -f [H+]Z.4,L+5. (2,
.1 .2

The integral contours Cl and Cs are shown in
Fig. 2. The solution is

“sinH:+l)h‘3)
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Fig. l—Cutoff variable reactor.

where both A and B are integrating con-
stants and both 11 and KI are modified Bes-
sel functions.

and

~ _ jh~(.b~– aI1 (a)
(5)

aKl(cra) – bKl(ub) “

The input voltage is given by

b

H
1 8H6

1
V= –—-—— (iP.

j~~ az
(6)

a

The input reactance is given by dividing
(6) by (2) providing (3),
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Fig, 2—Integral contour to obtain
the input currents.

Fig. 3—Reactance of cutoff variable reactor.

For example with b = 2.25 mm and x
=3.07 cm, the reactance X. changed as

shown in Fig. 3 for various center conductor
radii a and shorting plunger distances s.
This reactor shows high reactance for small

values of shorting plunger distances. When
the inner conductor radius is 0.4 mm, in

order to have 350 ohms, the Conventional

coaxial plunger requires a shorting plunger
distance of 6.72 mm. On the other hand, the
same reactance can be obtained by the
cutoff reactor with a shorting plunger dis-
tance of 1 mm. This space economization is

more effective for higher reactance. For 835

ohms, the shorting plunger distance of the

conventional coaxial shorting plunger is

7.25 mm. For the same reactance, the short-
ing plunger distance of the cutoff reactor is

0.045 mm. The latter case was tested by

experiment in a reflex klystron amplifierl, j
circuit. The results of the experiment agreed
with the CalCUlatiOL16.
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Single-Mode Cavity Maser at

22OO Mc*

Cavity masers which have been reported
in the literature have utilized a dual-mode

cavity resonant at the pump and signal fre-
quencies, but Strandberg, et al.,1 has re-
ported an X-band cavity maser which can
be operated with the cavity resonant only at
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the signal frequency. Siegmannz has also

reported a multiplicity of resonances in his

cavity maser for the pump signal which
might possibly be caused by some sort of

dielectric loading effect.
Both these facts suggested to us that an

.S-band cavity maser using only a single reso-
nant mode at the signal frequency could be

developed by using the ruby itself as the

pump circuit. If this scheme were practical,
design of tunable cavity masers at S-band

would be much simpler than it is. With this

thought in mind, a maser cavity circuit

suitable for operation from 2 100–2 500 M c
was designed.

The maser’s active ma.teriaI was pink
ruby, AlzOsCr+++ oriented at an angle

0~90°. The cavity is a re-entrant x/4-TEM
stripliue type in X-band waveguide with
loop coupling as depicted in Fig. 1. The reso-
nant frequency of the cavity is determined
primarily by the length of center strip and

by the ruby volume. The degree of coupling

by the loop remained essentially constant

over a 400-Mc frequency range. For the cav-

ity filled on both sides as shown in Fig, 1, we

estimated the filling factor to be approx-
imately 75 per cent or greater. X-band

pump energy is fed directly down the wave-
guide to the ruby crystals.

r COAXIAL SIGNAL FEEDLINE
AND COUPLING COOP

Fig, I—x/4 stripline cavity in standard
X-band waveguide.

This cavity maser has been operated
from 2120 to 2500 Mc by adjusting the

length of the center strip and varying the
pump frequency and dc magnetic field. Com-
plete inversion of energy levels was obtained
for all frequencies without the use of a pump

cavity mode, and no pump resonances of any
type were observed.

For the master amplifier characteristics
considered here, the resonant frequency was
2200 Mc and the pump frequency was
12,470 Mc. Fig. 2 relates the gain-bandwidth

products to the level of input power. This
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