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As ferromagnetic materials having lower and lower intrinsic losses

have become available, it has become feasible to build microwave devices

in which small ellipsoidal samples are placed in uniform propagating

structures , In many such applications, the sample, although small

physically, presents a large electrical discontinuity, so that the usual

perturbation procedures 1, 2 are no longer adequate to describe the inter-

action between the sample and the microwave circuit, and a more com-

plete analysis must be made.

We have carried out an approximate analysis of the case of a uniform

waveguide of arbitrary cross -section containing an ellipsoidal sample

whose dimensions are small compared with a free-space wavelength. The

dc field is assumed to be along one of the principal axes of the ellipsoid,

and to be perpendicular to the direction of propagation in the waveguide.

The method used is an approximate one, similar to that used by Turner
3

for the special case of a spherical sample, in rectangular waveguide, in

which only the dominant modes of the sample and wave guide are cons id -

ered. The effect of the neglected modes is to produce a reactive loading

on the sample which slightly alters its resonant frequency.

If the waveguide propagates in the y-direction, and contains a sample

saturated by a dc field along the z-axis, Figure 1, the scattering matrix,

referred to the cross-sectional plane containing the sample, has the form

1
where F =

1 + j~V

‘2 - %2h: )+(%1 x
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Fig. 1, Coordinate system ~,sedto disctlss scattering from femimagnetic ellipsoids
in waveguides,

Here 6 is the propagation constant of the waveguide, V~ the volume of the

sample, and the external rf susceptibility (ratio of the magnetization to

the external rf field) is assumed to have a general form,

“[ )
11 % 0

x= -+2 +2 0
e xt

o 0 0

The quantities h and h are components of the magnetic field eigenvec -

tor of the propagating ~ode, which is proportional to the actual waveguide

field, but normalized so that the square of its transverse component

integrates to unity over the wavegu.ide cross -section.

Lumped-element equivalent circuit representations may be obtained

from the specific form of the external susceptibility tensor. Two alter-

native circuits , with element values , are given in Figure 2. In these

expressions, u is the ferromagnetic resonance “frequency of the sample,

Qf its unloadedOQ, which is determined by the observed linewidth, AH;
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Fig, 2, Lumped element networks for ferromagnetic ellipsoids in waveguides.

p. is the permeability of free space (MKS units are used), y is the gyro-

m“agnetic ratio, N and N are the transverse demagnetizing factors , and

and ~ are p ~times %he internal d. field and saturation magnetiza.-
“H
tlon, MsVrespe~tively. The impedances are normalized to the wave

impedance, Zo, of the wave guide.

Several important aspects of the preceding theory have been verified

by experiments conducted at X-band on spheres and discs of single

crystal yttrium iron garnet in rectangular wave guide.

The results of two such experiments carried out on spherical

samples placed in shorted sections of waveguide and biased to ferro-

magnetic resonance, are shown in Figures 3 and 4. In Figure 3 is shown

F
e result of a me ~urement, at a number of frequencies, of the quantity

~ ( kgAH), where ~ is the measured normalized input impedance of the

w~veguide, and k is” the wave guide wavelength. This quantity should,

according to the &eory, have the constant value shown. The sample used

was approximately critically coupled to the waveguide, and so presented

a large electrical discontinuity which, nonetheless, is adequately des -

cribed by the present simple theory. Figure 4 shows the result of a

measurement of the power absorbed by a YIG sphere as a function of the

distance from the sample to the transverse shorting plane. Agreement

with the theoretical curve, obtained from the known sample parameters
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with the aid of the equivalent circuit shown, is excellent, except where

the sample is within one or two diameters of the shorting plane 4. In this

region it is necessary to consider the interaction between the near fields

of the sample and the wave guide wall. If this is done correctly, taking

into account the finite conductivity of the wall, and if allowance is made

for the indirect excitation of other magneto static modes in the sample,

experiment and theory can be brought into agreement for a sample placed

arbitrarily close to a conducting wall.
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