To screen the sample and the NMR circult against the penetration of the high-frequency
voltage exciting the force, the ends of the sample were metallized with allowance for the
depth of the skin layer and placed in screens. When the quartz was replaced by a dielectrie,
the NMR of Al27 did not change when electromaénetic excitation was turned on.

v Additional proof that the observed effect is indeed caused by sound is the sharp dif-
ference between the widths of the lines of ANMR of Cr53 in the case of electromagnetic and
acoustic excitation.
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Let a ferromegnetic sample be situated in a constant magnetic field HO and in the
radiation field of two close microwave frequencies Wy and wye A photon incident on the
ferrite excites in it a spin wave with energy equal to the photon energy, and with a zero
wave vector (homogeneous precession).

Owing to this process, saturation can be ,

24w, [2x, MHz
reached in any region of the FMR line at a suf-
ficiently large amplitude of the microwave 30
field. This saturation can be observed when
plotting the absorption curve, by varying the
frequency a)2 of the so-called detecting micro-
wave radiation, the amplitude of which is such

that parametric excitation of the undamped spin

20
waves by this field is impossible. The ferro-

magnetic-resonance line recorded in this manner
is the usual curve with a dip in the vicinity
of the saturation point (see the figure). The
dip is due to the interaction between the para-
metrically-excited spin waves saturating the
spin system and the homogeneous precession ex-
cited by the detecting field. We shall call
this phenomenon double ferromagnetic resonance

(DFMR) . Using the expansion of the magnetiza-

tion vector in plane waves [1] and a successive-

approximation method, we can obtain from the
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Landau-Lifshitz equations an expression for the imaginary part of the magnetic susceptibility
X". TFor the particular case of saturation of the central region of the curve and a spherical

sample, we have

("-’2- yHo)zﬂo + ”o"kz(z\/":i - 1)

cr
" =y M, - s

7 2 t
lw,~ yH,)? - nonk(z‘/;—_ l) + (1o +m) o, = yH,) @
cr

where 7 - gyromagnetic ration, MO - saturation magnetization, T - attenuation constant of
spin wave with wave vector T{', P - saturating radiation field, and Pcr ~ critical power of
saturating radiation at which the undaemped spin waves are excited.

We investigated the DFMR experimentally at a frequency 2000 MHz in a single-crystal of
yttrium-gallium garnet sphere of 3 mm diameter (hnMO = 1100 G). The source of the saturating
radiation was a GU-8 generator, and the detecting field was produced by a G3-22 generator.
Linear tuning of the freguency of the detecting radiation was by means of a special device.
The frequency deviation within the limits of the FMR line did not lead to appreciable changes
in the level of the detecting radiation.

Microwave power of frequency wl and w2 was introduced into the measuring waveguide
section with the sample by means of a twin-T bridge. The connection between the constant mag-

netic field HO and the frequency of the saturating radiation Wy is

Ll)l = 7HO. (2)

The absorption signal from the microwave detector, amplified by a dc amplifier, is re-
gistered on an automatic reéorder chart. The absorption curve recorded by varying the fre-
quency o, has a dip in the central part (see the figure).

The theoretical relation (1) enables us to determine the most important parameters of
the DFMR line. The figure shows also the dependence of the distance QAwl between the ex-
tremal points of X" on the level of the power incident on the ferrite. The experiment has
confirmed the thecoretical calculations ( Ny = 1.1l MHz, Ny = 210 MHz) in the region where
,,/}71’:; is smaller than 1.4. A further increase in the power of the signal of freguency @
leads to excitation of other spin-wave types, thus changing the attemnuation paremeter Thee
Since expression (1) does not provide for this change » & quantitative discrepancy between the
experimental and theoretical results is observed at Ji'?Pc'_r > 1.4,

It is convenient to employ the DFMR method in investigations of relaxation processes in
the region beyond threshold, without determining the absolute values of the microwave fields,
and also in exact measurements of the relaxation time of a spin wave excited in the given
material.

Such a method of investigating nonlinear interactions in ferromagnets may find use also

when the spin waves are excited by other methods, for example by longitudinal pumping, by
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sound, etc.
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We have already reported [1l] results of an investigation of the anisotropy of the Moss-
bauer effect as determined by the anisotropy of the resonant absorption of y quanta by Sn]'l9
nuclei in thin single-crystal absorbers made of white tin.

In the present paper we report the results of measurements of the amplitude of the ab-
sorption for so-called "black" resonant absorbers (Ca =~ 100) combined with & thick single-
crystal source (Cs > 10), using the previously described setup [1]. The absorption amplitude
is proportional in this case to the probability of y-quantum emission in the given direction
of the crystal, and the proportionality coefficient itself is practically independent of ei-
ther the thickness of the absorber and source, or of the hyperfine structure of the emission
and absorption lines. This makes it possible to measure directly the anisotropy of the emis-
sion probability, and its temperature and angular dependences.

In the measurements we used as the "black" absorbers plates made of tin enriched to
88.1% of sn™. The effective thickness of resonant absorption C_ = was in this case 53 at
290°K for an absorber 0.25 mm thick, and 330 at 4,2°K for an absorber 0.10 mm thick.

One of the single-crystal sources, in the form of a plate 7O . thick, was grown from
active tin with the aid of a single-crystal primer, using the method described by P. L. Ka-
pitza for the growing of single crystals of bismuth [2]. The primer was a plate cut by the
electric spark method from a single~-crys-
tal block in such a way that the normal &%
to the plate made an angle of 45° with 45
the crystal axes [001] and [100]. The 30
surface layer deformed by the spark 25

processing was removed electrolytically.
The direction of the normal to the plane
of the obtained single-crystal source re-

208

lative to the crystal axis was monitored 0

with an x-ray setup. The content of the o5

sn'? vas 1.4% in the active tin material ol o4y L

and 1.7% in the primer material. A sec- : 5o Mf 800/5 ‘%00 bz 4+ 08 0f c;'f,a
ond single-crystal source had the form [oog} [101] [100)

of a cylinder of 1 mm diameter and 10 mm
Fig. 1. Angular dependence of the emission

long. It was grown by the same method, probability of B-Sn(010), T = 290°K.
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