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IT has been shown by several authors1- 3 that the 
ultrasound absorption coefficient in metals does 
not vary monotonically with the magnetic field and 
shows a sharp anisotropy .1 In the present work we 
give the results of a more detailed study of the 
anisotropy in absorption at 70 Mcs, made by a 
pulse method, using a specially constructed two
dimensional automatic plotter. 

The measurements were made on a 15-mm di
ameter single crystal sphere of tin, which had 
planes cut on it for fixing the quartz. The nor
mals to these planes were parallel to the binary 
and fourfold axes. The planes were cut by an elec
tric spark, which spoils a single crystal only to a 
depth of about 10 11-· 

The absorption coefficient was determined using 
longitudinal sound waves with wave vectors k, par
allel to the binary or fourfold axes. The specimen 
was rotated in the magnetic field H, and the vec
tor k was perpendicular to H. 

The amplitude of the transmitted pulse for fields 
between 45 and 1000 oe ( T = 4.2° K) is shown in 
Fig. 1 for the sound propagated along the binary 
axis, with the fourfold axis kept parallel to H. 
There are many maxima and minima on the curve, 
with a constant inverse field period of oscillation. 
This is in agreement with Gurevich's theory.4 
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FIG. 2 

The limiting electron momentum was deduced 
from the period of oscillation to be p = 5 x 10-20 

g-em/sec, and its projection on the (001) plane 
is shown in Fig. 2 as a function of the angles be
tween the binary and fourfold axes. The full curve 
corresponds to angles for which many oscillations 
were found and sufficient accuracy could be achieved, 
whereas the dashed part corresponds to momenta 
which could only be obtained roughly because of 
the few maxima observed. 

The oscillation curves for sound propagated 
along the fourfold axis have fewer maxima, and 
these are not periodic in the inverse field, due 
presumably to the smaller electron mean free 
path along the fourfold axis. 
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FIG. 3 

Some results for the absorption coefficient as 
a function of magnetic field intensity and angle of 
rotation in the (001) plane are plotted in Fig. 3. 
The angle <P = 0 corresponds to the direction of 
the binary axis. The full curves give the mag
netic field for maximum absorption as a function 
of angle, and the dashed curves are for the mini
ma. Figure 4 shows the angular dependence of the 
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absorption coefficient at a field of 7 x 103 oe for 
the field rotated in the ( 001) plane. 

The absorption measured with the field H II k 
has singular points in the a (H) curve. In agree
ment with Gurevich's theory, the magnetic field at 
these points satisfies the relation Hi = const/n, 
where n is an integer. 
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WE have investigated the paramagnetic resonance 
spectrum of several natural sapphire single crys
tals at room temperature, in the range 9600 to 
9200 Mcs. 

The grey-bl\).e color of sapphire is due to the 
Fe3+ and Ti3+ ions replacing Al3+ isomorphically 
in the corundum lattice.1 The Ti3+ ions do not 
produce any effect because of the short spin-lattice 
relaxation time at room temperature. One can, 
therefore, assume that the effect is produced by 
the Fe3+ ions, and the analysis of the spectrum 
is made on this assumption. 

Kornienko and Prokhorov2 have recently ex
amined the fine structure of the electron paramag
netic resonance spectrum of Fe3+ ions artificially 
introduced into the Al20 3 lattice. The interpreta
tion of the spectrum observed was carried out 
using the following Hamiltonian:* 

:JC = g~ HS + DS; + 1~0 [35 s;- 30S (S + 1) s; + 25S~] 
a s4 4 4 +6[ ~+S~+Sd, (1) 

where g is the spectroscopic splitting factor, (3 
the Bohr magneton, S the spin operator, H the 
magnetic field strength, a the cubic field con
stant, and D and F the trigonal field constants. 
The coordinate system ~, rj, t is constructed on 
the cubic crystal field axes, and the z axis, 
directed along the trigonal axis, is also the ( 111 ) 
axis of the ~, rj, t system. The approximate 
energy levels were calculated by Korni~nko and 
Prokhorov on the assumption that the last two 
terms in Eq. (1) can be treated as perturbations. 
This is not suitable for explaining the spectrum 
at a wavelength A."' 3.2 em, as the second-,order 
corrections can then be larger than the unper
turbed values, and each term in Eq. (1) must be 
evaluated. 

The required solution of Eq. (1) can be written 
in explicit form only for the case of a constant 
magnetic field directed along the trigonal symme
try axis of the electric field. The problem then 
becomes one of finding the roots of a sixth -order 
secular equation. Computations yield the follow-

FIG. 1. Dependence of spin energy levels Ej of Fe3 + 

atoms in sapphire on the magnetic field H, for H II z. 


