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The transformation of electromagnetic and transverse sound waves in a plane-parallel tungsten
plate is studied at 4.2 K in the nonlocal limit, when ¢/ > 1 (q is the sound wave vector and / the
electron mean free path). The experiments are carried out at frequencies 20-200 MHz in magnetic
fields up to 60 kOe. The dependence of the transformation amplitude on the magnetic field
intensity is studied for the q||H||[100] geometry. It is shown experimentally that the transforma-
tion is due to the simultaneous action of a deformation force and an induction force. By applying
linearly polarized exciting electromagnetic waves, we can separate the induction and deformation
contributions experimentally. Nonmonotonic dependences of the induction and deformation
transformation mechanisms on the magnetic field are observed in the region gR > 1 (R is the
cyclotron radius of the conduction electron). The effect of rotation of the plane of polarization of
the generated acoustic waves is observed and explained. Nonmonotonic dependences of the angle
of rotation of the plane of polarization of the generated sound and the ellipticity are observed
under the conditions of Doppler-shifted cyclotron resonance (DSCR) and Doppler-phonon reso-
nance (DPR). A method is proposed for determining the doppleron attenuation distance under
doppleron-phonon resonance conditions for the direct transformation of electromagnetic waves

into sound. The attenuation distance of a G-doppleron is determined experimentally.

INTRODUCTION

The effects of the transformation of electromagnetic
and sound waves, due to the interaction of conduction elec-
trons with the electromagnetic wave and the crystal lattice,
under conditions of weak spatial inhomogeneity (in the case
in which the inequality g/<€1 is valid, where q is the wave
number of the sound and / is the free path length of the con-
duction electrons) have been studied in many experimental
and theoretical works.? The experimental investigation of
the transformation of waves in an external constant magnet-
ic field in the nonlocal limit (g/ > 1) is of special interest, since
under these conditions the appearance of different electro-
magnetic and magneto-acoustic resonances are possible, as
well as effects of coupling of the characteristic electromag-
netic modes of the electron-hole plasma with the sound. At
the present time, the following magneto-acoustic effects
have been studied in the transformation regime: quantum
oscillations in a strong magnetic field,>” and geometric reso-
nance in copper and silver.® We reported earlier™!° on the
observation of Doppler-shifted cyclotron resonance (DSCR)
and Doppler-phonon resonances (DPR) in tungsten in the
transformation regime.

The present work is devoted to the study of mechanisms
of mutual transformation of electromagnetic waves and
sound, resonant phenomena, and the effects of polarization
of the generated sound in tungsten over a wide range of mag-
netic fields, in a geometry in which the wave vector of the
sound q and the vector of the constant magnetic field H are
perpendicular to the surface of the sample.

EXPERIMENTAL METHOD

For the study of the high-frequency transformation of
electromagnetic waves and sound, we chose the “in trans-
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mission” method of work in which, a tungsten sample” an
acoustic signal was excited or recorded, and on the other side
an electromagnetic signal (Fig. 1). In contrast with our first
experiments,”'® special attention was paid here to the pre-
vention of direct penetration of the electromagnetic signal
into the surrounding of the sample. With the help of special
gaskets, we could lower the level of seepage below the thresh-
old of sensitivity of the detecting circuit, which was equal to
125-130 dB/W. These measures, and also the elimination of
loss by complete matching of the piezotransducer and the
electromagnetic circuit to coaxial lines, made it possible to
carry out amplitude measurements at an applied rf power
from the generator to below 30 mW. The measurements
were made at frequencies of 20-200 MHz in the cw regime,
in a geometry q||H||[100]. Practically all the experiments
were performed at 4.2 K.

Since the measurements of the dependence of the trans-
formation on the magnetic field were carried out in a cw

d

FIG. 1. Experimental scheme: 1—sample, 2—electromagnetic circuit,
3—aultrasonic delay line, 4—acoustic transducer.

© 1984 American Institute of Physics 359



regime, the necessity arose of estimating the linear damping
of the generated acoustic or electromagnetic wave. At low
damping, multiple reflections of the generated wave are pos-
sible in the sample, and the resultant signal on the receiving
side in this case is the sum of signals from the different
passes, which materially complicates the interpretation of
the experimental results. For an estimate of the damping of
the generated wave after a single pass, we used the method of
frequency “rocking.” Figure 1 shows the amplitude-fre-
quency characteristics (AFC) of a tungsten sample in the
transformation regime.

The shape of the Fabry-Perot resonance line in the
transformation regime can be described by analogy with the
acoustic method'! by summing the multiple passes of the
generated wave. Extraneous losses in the resonator, due to
the nonmatching of the acoustic and electromagnetic impe-
dances at the boundaries, were taken into account by the
introduction of a reflection coefficient P, = (P, P,)'/?,
where P, and P, are the reflection coefficients from the dif-
ferent boundaries of the sample. The shape of the resonance
line has the form

| 7} =A (sh®E cos® gd+ch?E sin*qd) ", (1)

where 4 = f(U,,P,), U, is the amplitude of the wave incident
on the sample, £ = I'yd + |In P,| is the total damping per
pass, I, is the damping, |In P | are the “outside” losses, d is
the thickness of the sample. Equation (1) is obtained by sum-
mation of a geometric progression of the form

U= Z U, (1—Po)?P," ™" exp[— (2n—1) (Ted+igd) 1.

hemi

The small change in the phase of the reflections of the wave
can be neglected, since it leads to a small change in the reso-
nance frequencies and does not affect in any essential way
the quality factor of the resonator, which, at the half-power
level, is equal to

Q=nn/2 arcsin sh E. (2)

The dependence of the quality factor of the resonator on the
frequency, Fig. 2a, is connected with the change in the reflec-
tion coefficient P,. In the region of the center of the AFC (w/
27 = 55 MHz), the acoustic impedances of the sample and
transducer are matched, and the reflection from the boun-
daries is minimal. A comparison of the experimentally ob-
served AFC with Egs. (1) and (2) allows us to make the esti-
mate P,<0.7; £%0.6, where Q~180-200, d =2 mm, the
sound velocity » = 2.9 X 10° cm/s. These results are in excel-
lent agreement with the data obtained from pulse methods.
The ratio of the amplitudes of the pulse, with duration of 0.5
us and with carrier frequency 55 MHz, after 1 and 3 passes
amounted to 4, which yields an estimate of £ ~0.7-0.8 for
the damping, i.e., in the transformation regime, the linear
damping of the wave in the sample at a frequency of 55 MHz
is 3 dB/mm. In a magnetic field, the value of the damping &
at g/>1 does not remain constant; however, as experiment
has shown, over the entire region of magnetic fields studied,
its changes were appreciably below 1 dB/mm. The results of
Refs. 12 and 13 allow us to extrapolate the obtained esti-
mates of damping in a linear way, which yields, for the fre-
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FIG. 2. Amplitude-frequency characteristics of a tungsten sample in the
transformation regime: a—sweep range 40-70 MHz, H = 8 kQe; b—
sweep near the fundamental frequency of the transducer w/27 = 55
MHz, H = 0; c—sweep on the “slope” (right wing) of the amplitude-
frequency characteristic of the transducer ~ 65 MHz, H = 30 kOe. The
distance between markers in Figs. 2b and c is equal to 1 MHz.

quency ~ 150 MHz, an estimate of 9-10 dB/mm. Conse-
quently, in the analysis of the experimental results we can,
with sufficient accuracy, neglect the effect of multiple reflec-
tions for frequencies greater than 100 MHz. At frequencies
below 100 MHz, it is necessary to introduce a correction
coefficient in the numerical analysis and interpretation of
the experimental results, of the type cosh £d /sinh £d, which
takes the effects of multiple reflections into consideration.

EXPERIMENTAL RESULTS

All the experimental records are independent of the di-
rection of the transformation at the appropriate sign of H,
i.e., the electromagnetic generation of the sound was identi-
cal to the acoustic generation of the electromagnetic wave.

To distinguish the mechanisms of transformation and
for investigation of the polarization effects, the field depen-
dences were recorded at different mutual orientations of the
plane of polarization of the piezotransducer and the electro-

Golik et al. 360



a
A
6-DPR
E R
B |DSCR
[}
2
o~
W/’
g J Vi
T T
W V
L L L L AL L L L L
0 5 n 75 HkOe

FIG. 3. Amplitude dependences of the recorded signals on the magnetic
field: a—0 sound-sound, w/2m = 55 MHz; b—transformation U, (H),
/27 = 55 MHz, inset—w/27 = 155 MHz; c—transformation U (i),
/21 = 55 MHz, inset—w/27 = 68.4 MHz.

magnetic circuit. In Fig. 3b, c are shown the field depen-
dences of the transformation at a frequency of 55 MHz and,
for comparison, Fig. 3a shows the sound absorption coeffi-
cient, when the polarization axes of the two transducers are
parallel. The plot in Fig. 3a is analogous to that obtained
earlier in Ref. 14. Figure 3a gives the U, (H ) and U | (H ) de-
pendences when the electric field vector of the wave on the
surface of the sample, E(0), and the plane of polarization of
the transducer are perpendicular (3b) and parallel (3c). The
recordings in the insets of Figs. 3b, ¢ were made at 155 and 68
MHz, respectively, under the same mutual orientations of
the transducer and electric field E(0).

At a frequency of 55 MHz and in a range of fields above
10 kOe, a decrease of U (H ) virtually to zero has been ob-
served. Atthesametime, U, (H ) increases with increase in H
according to a linear law. Such a dependence of U, (H) is
observed up to 60 kOe at a frequency of 150 MHz at 4.2 K. In
this region of fields, U (H )< U, (H ), i.e., the polarization of
the generated sound is perpendicular to E(0). At a frequency
/27w = 55 MHz, in fields below 10 kOe, resonance features
areobserved in the dependences of U, (H )and U | (H ), as well
as in the sound absorption. An anomaly at H ~ 8 kOe for the
components U (H ) and U, (H ) is the appearance of DPR in
the transformation regime. A second anomaly in the field
H=3kOe in U (H ) appears in the form of a step, and in
U, (H) in the form of a resonance, similar in form with the
DPR at H = 8 kOe. In the sound absorption (Fig. 3a), this
singularity is practically unseen. At <1 kOe, DSCR ap-
pear in the transformation. At limitingly small magnetic
fields and at H# =0, a transformation is observed only for
U, (H) and the vector of the polarization of the generated
sound at H = 0 is parallel to E(0).

In all the experiments with different angles ¢ of the
mutual orientation of the planes of polarization of the elec-
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FIG. 4. Amplitude dependence of the recorded transformation signal on
the inversion of the magnetic field, w/27 = 155 MHz, the angle between
the axis of polarization of the transducer and the vector E(0),
@ = (25 + 2)’; a—recording at + H, b—recording at — H.

tromagnetic circuit and the piezotransducer, recordings
were made in the regime of reversal of the magnetic field, i.e.,
with the substitution of — H for + H. The method of mag-
netic field reversal was suggested for magnetoacoustic mea-
surements in Ref. 15. The field dependences U, (H) and
U, (H)ofFigs. 3b,c(@ = 90°and 0°) were not very sensitive to
reversal of the magnetic field if the deviation of the angle ¢
from 0° and 90° did not exceed a few degrees. The most signif-
icant difference in the amplitudes of the transformation in
the magnetic field corresponding to DFR were at
@ = (25 + 2)°. This record at a frequency of @/27 = 155
MHz is shown in Fig. 4. For the field — H an interval of 10
kOe was observed in the field dependence in which the signal
of the transformation was virtually absent. The edges of this
region—the “steps”’—correspond to resonance anomalies in
the direction of the magnetic field + H.

DISCUSSION OF THE EXPERIMENTAL RESULTS

First of all, we note that when the vectors q and H are
not strictly parallel, the appearance of effects in the field
dependences U (H ) are possible (the type of DSCR or its har-
monics, lifting of the degeneracy in the two acoustic modes)
that are due to the lowering of the symmetry of the experi-
ment. However, if the departures from parallelism do not
exceed 1.5-2° these effects cannot be observed with suffi-
cient accuracy.

The transformation of an electromagnetic wave into an
acoustic one, under the conditions in which q and H are
perpendicular to the surface of the sample, has been consid-
ered theoretically for a semi-infinite metal with a single type
of quasiparticle and with a spherical Fermi surface,'®!” and
for a metal plate with a complicated Fermi surface for elec-
trons and holes.'® For the interpretation of the experimental
results, we set down some results from Ref. 18. Subject to the
inequalities that are satisfied under the conditions of the giv-
en experiment,

L,>d>l, Ly, 6, (3)

(where L; is the damping distance of the sound, L, is the
damping distance of the characteristic electromagnetic
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mode, & is the skin depth), the amplitude of the circularly

polarized sound that is generated has the form
—2E’ (0)

¢, —i(4nw/c?)0,(q. H)

g, .
U= —m—,exp(lq.d) (4)

H
X{T sgn so,(q., H) +q.n,(g., H)}.

Here the index s denotes the polarizations + or —,
U, = U, +iU,; the system of coordinates is chosen in the
following way: the Z axis is parallel to the vectors q and H,
the X axis is directed along the vector of the electric field of
the electromagnetic wave in a vacuum, E(0); further, E'(0)
=dE (0)/dZ, q; is the wave vector of the sound with account
of dispersion of the velocity and damping in the sample, p is
the density of the metal, a; describes the effect of multiple
reflection of the sound from the boundaries. In what follows,
the effect of multiple reflection of the sound will not be taken
into account, and we shall set a, = 1. In addition,

0, =011 58N SOyx, MNe=Ta=1 SN SNy,
(m ()
Cap =Z| CGap Nap = Nas >
n n

where o'}, 77} are the tensors of the electric and ““deforma-
tion” conductivities for an n group of electrons.'®

The first term in (4) describes the induction mechanism
of interaction of the conduction electrons with the electro-
magnetic wave and the crystal lattice, and the second the
deformation interaction. These mechanisms lead to different
dependences of the sound amplitude U, on H. Thus, in the
non-local limit, in the region of H for which the following
inequality is valid,

lg| < |il4no/c*) o, (q.H) | (5)

the induction mechanism gives a linear dependence of U on
H while the deformation mechanism can be the reason for
the complicated nonmonotonic dependence on H described
by the function 7, /o, . For tungsten, the condition (5) is sat-
isfied at not too high frequencies, w€10'°s ™, in the range of
H that excludes strong magnetic fields (greater than 30 kOe)
and the region of resonances of phonons with the weakly
damped wave, in which

g~ |i(4no/c?) o, (H) |.

Resonance effects were considered in Ref. 18 in the transfor-
mation regime, which were due only to the presence of a
cross section on the Fermi surface with extremal density of
states of the electrons (DSCR), or to a binding of the phonons
with the weakly attenuating mode of the plasma of the met-
al—dopplerons (DPR). The resonances U, (H ) of the first
type are connected with the resonance singularities of the
functions o, (H ) and 7, (H ). Upon satisfaction of the inequa-
lity (5), they appear only in the deformation term for U, (H ).
Resonances of the second type arise when the denominator
in (4) becomes resonant, i.e.,

Imo,(H)<0, |Imo.(H)|>|Reo,(H)]|, (6)
which is the condition for the existence of the weakly atten-
uvated wave. Here both mechanisms, induction and the de-
formation, can make contributions to U (H ) of the same or-
der.
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As H—0, the component U becomes equal to a con-
stant whose value depends on the parameter g/, while U,
tends to zero in proportional to H. Upon increase in H the
component U (H ) becomes smaller, while U, (H ) increases.
In a sufficiently strong field, when

gR(H)<1, (7)

for all the electron groups (R is the cyclotron radius), U is
negligibly small in comparison with U, . In the region (5), the
generation of U | is entirely due to the deformation mecha-
nism. In the component U,, in a compensated metal, the
induction and the deformation mechanisms make a contri-
bution of the same order in all regions of H (5). In strong
magnetic fields, for which the inequalities (5) and (7) are sat-
isfied simultaneously, U, is directly proportional to H. The
resonant growth of the amplitude, due to DSCR and DPR, is
presentinboth U, and U and rises above a background that
changes monotonically with the magnetic field.

Linearly polarized sound was recorded in the experi-
ments, with components

Ue=U=(U,+U.)/2, U=U,=U,~U.)/2i.

It follows from (4) and from the symmetry of the experiment
that upon inversion of the magnetic field,

Uu(H):Uu(—H), U¢(H)=—U¢(—H), (8)
while the absolute value of the vector
|U(H) |=|U(—H)]|. 9)

The functions o,(H ), 7,(H) and g,(H ) are essentially
different for the polarizations + and — only in the regions
of resonances (DSCR, DPR). This leads to the result that in
the regions of H close to the resonances, the generated sound
should be elliptically polarized in the general case, the major
axis of the ellipse being turned relative to the axes of the
coordinates. In fields in which there are no resonances, the
sound is linearly polarized and the direction of the polariza-
tion vector depends on the value of H. The angle 6 (H)
between the sound polarization vector and the Y axis is de-
termined by theratioU | (H )/ U, (H ). It wasshown above that
for frequencies above 100 MHz, under the condition of our
experiments, it suffices to take into account only one pass of
the generated wave in the sample. Let the angle of rotation of
the plane of polarization of the generated wave in the field
+ H be 6; in the case of reversal from + H to — H, the
plane of polarization of the generated sound is rotated sym-
metrically relative to X, as is shown in Fig. 5. The projections
of the amplitudes U * and U ~ of the transformed waves in
the fields + H and — H on the axis of the transducer are
equal to

U*=U (H) |cos (¢F0) |, (10)
where U (H )=|U(H )|, and g is the anglebetween E(0)and the
transducer axis. It follows from (10) that

tg 0(H)=[(Ur-U")/(U*+U")] ctg o, (11)

(cos @ cos 8) 4,

UH) =" (U+U7) { (cos psinB) 1.

The upper sign in (10) and the upper line in (11) are taken at
|0 |<7/2 — @, while the lower ones are taken at 7/2 — ¢ < 6
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FIG. 5. Polarization of the generated sound U (H ) in DPR upon inv'er-
sion of the magnetic field; s—direction of polariza‘tion_ of the detecting
transducer, @—O angle between the axis of polanzat'lon'of t.he trans-
ducer and the vector E(0), while 6 (H ) is the angle of inclination of the

major axis of the polarization ellipse.

<m/2 + ¢. We note that (10) is valid only for amplitude
measurements of small ellipticity, in the absence of a “leak-
age” signal. The amplitude U (H ) is determined with accura-
cy to an arbitrary factor. Figure 6 shows the 8 (H ) and U (H )
dependences calculated from (11) for the experimental re-
cording in Fig. 4, and sample thickness d = 2 mm. In mag-
netic fields H ~40-50 kOe, the plane of polarization of the
generated sound is almost parallel to Y. Generation in this
region of H is due to the induction mechanism, U, (H)
>U|(H)and tg 5% 1072 In fields H~20kOe, a jump in
the angle of rotation to 22° takes place, which is connected
with the DPR. The given DPR in tungsten is due to the
nonlocal contribution to the electron conduction from the
region of the turning point G of the “knob of the jack” of the
Fermi surface of tungsten. In magnetoacoustic measure-
ments, the G-DPR was first identified in Refs. 14 and 19.
The corresponding component of generated sound in the
field H, equal to the field G-DPR, according to (4) is

U-=T_e_(g-, H) exp (ig-d),

where T_ is the nonresonant coefficient of the transforma-
tion. The amplitude U_ undergoes resonance, and the Four-
ier component of the electromagnetic field € _(g_,H ) has a
resonance maximum at g~k (k is the wave vector of the

g U rel. units

/) 10 20 Jao 40 a0
4 kOe

FIG. 6. Dependences of the amplitude |U(H )| (dashed curve) calculated
from Fig. 4 and the angle of inclination of the plane of polarization 6 (H )
(solid and dot-dash curves).
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doppleron), while exp( — Im g_d) is the resonance mini-
mum. If the damping distance, the plate thickness and the
sound attenuation are such that at the resonance €_(q_ = k)
> exp( — Im g_d ), a resonance maximum is observed in the
field dependence |U (H )| and a singularity 40 (H )« (Re ¢_
— Re g ),is observed in the field dependence 8 (H ) and cor-
responds to the difference in the dispersions of the resonance -
and nonresonance circular polarizations of the generated
mode. In the regime of direct transformation, the angle of
rotation of the plane of polarization 6 (H ) is due also to the
polarization of the background, which is connected with the
ratioof U (H)to U, (H).

The ellipticity of the polarization of the generated wave
depends essentially on the distribution of the electromagnet-
icfield in the metal, and the study of it in the methodology of
the given experiment allows us to give an upper estimate to
the damping distance of the dopplerons. The fact that upon
reversal of the field H the recorded signal in the vicinity of
the DPR was different from zero at any mutual orientation
of the axes of polarization of the circuit and the transducer
indicates the presence of ellipticity in the transformation re-
gime. The vanishing of the signal in one of the directions of H
should indicate that the polarization of the recorded signal is
linear and strictly perpendicular to the axis of polarization of
the detecting element. This situation is shown in Fig. 4 in
fields 10 < H <20 kOe. Such a value of the angle 7/2 — ¢
=~(25 + 2)’ corresponds to the minimum value of the signal
at H = Hy,pg for the direction — H. The amplitude of this
signal U ~ is equal, with sufficient accuracy, to the absolute
value of the minor axis of the polarization ellipse. The ampli-
tude of the signal U * (in the same experiment) in the field
+ H s the projection of the major axis 7, of the polarization
ellipse on the axis of the detecting element. It is not difficult
to show that r, = U */cos 40°.

For calculation of the damping distance of the dop-
pleron, we rewrite Eq. (4) in the form

U:t=T1F;t exp (iqid)v (12)
where T, is given by Eq. (4) (the factor in the curly brackets)

F.=E, [¢*—i4nwoc.(q)/c*] .

We therefore have |T | = |T_| with accuracy to within
terms of order v/2 (£2 is the cyclotron frequency). In the
latter formula, E , is a constant.

We now calculate the difference in the total attenu-
ations d for the polarizations U_ and U, taking it into ac-

count that the doppleron exists in the polarization — . In
DPR,

(ki Fik.) *=idnwo- (kp)/c?,
|Fo|=E{[q*=* (k*—k?) )+ (2k.k,) %),

where k, = k, + ik, is the wave vector of the doppleron,
and £ is a constant.

a) For a weakly attenuated doppleron (k,>k,), we get
from (13):

|F-|=E (2k.k.)~",

(13)

[F.|=E(2k?) 7, (14)
and

In (k/k;)=ad+ATd, g*=k? (15)
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where ¢g=w/v,, Al=I'; —TI';t (7 >T;"; ad>0),
and I * and I" j* are the real and imaginary parts, respec-
tively, of the renormalized wave vectors. The value of the
difference of the total attenuations ad is determined by the
ellipticity r,/r;:
[ (ra/r)2+1]2(r2/r)
[1—(r:/)?]

b) If the attenuation of the doppleron is not small
(k, > k,), we have
[F-|=E (2k.k.) ",
and

Yo ln [ (kP—k?)*/ (kik;)*+1] =ad+ATd.
The damping of the doppleron in this case is determined by
the expression

kl=q{—/+ Y +1/ (z—1)]""},
z=[(k—k2)%/ (k,ky) 1], ki=q*+k,

(16)

ad=In

[P | =B (42— k) 4 (Rika) ] (17)

(18)

(19)

Thus, by measuring the ratio of the semiaxes of the ellipse
ro/ry=U-(—H)/[U* (+H) cos™* (n/2—29)]

under the conditions of inversion of the magnetic field in the
case of known @, as well as the sound absorption A" d in this
same sample under the same conditions, it becomes possible
to estimate the damping distance of the dopplerons. This
same method can be applied also for estimates of the damp-
ing distances of helicons. For the experiments that have been
performed, under conditions of “weak coupling,” when the
mutual repulsion of the branches of the doppleron and the
sound spectra is small (k, > k,), the parameters measured
under the conditions of magnetic field reversal are equal:
ad =0.2;4I"'d=0.1;r,/r;=0.1; /27 =155 MHz; H = 20
kOe, and the damping distance of the doppleron is L,
=27/k, = 1.34,, where A4, is the sound wavelength. We
note that the damping distance obtained for the G-doppleron
is much smaller than the mean free path of electrons in tung-
sten.

The relatively large damping of the G-doppleron at a
frequency of 155 MHz leads to a decrease in the DPR in a
magnetic field from the position A, =A4,. Actually, the
wavelength of the doppleron in DPR is, according to (19),

Ap=27 [ (27v/A 5 ) 2+ K,2] 4,

i.e, Ap =0.84; at L, = 1.34,, H =20 kOe, w/27 = 155
MHz. Thus, experiments on the direct transformation of
electromagnetic and acoustic waves allow us to determine
the dependences of the damping distances of helical electro-
magnetic waves in metals and semiconductors on various
parameters.

In the range of magnetic fields 10-20 kOe, there are flat
stretches in the dependence of @ (H ), where 6 (H ) =~(22-23)".
The apparent absence of transformation signal in Fig. 4 is
due to the fact that the plane of polarization of the recorded
wave in a field — H is perpendicular to the axis of polariza-
tion of the detector because of the identical change of U, and
U in the magnetic field.

In a magnetic field H~ 10 kQe, there is a resonance
surgein U (H )and asingularity in @ (H ), Fig. 6. The spectrum
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of this resonance in U, (H ), measured by us in the range of
frequencies /27 ~20-200 MHz, corresponded in the co-
ordinates (¢ @ ~'/3; H @ ~'/3) to the straight line for 4-DPR,
with

1 (iS—) =0.5&"!
2“ aPH ext

(S is the cross section of the Fermi surface in the plane
P, = const). The shape of the 4-DPR line in the transfor-
mation regime (Fig. 4) differs essentially from its appearance
in magneto-acoustic measurements. In the sound absorption
coefficient at frequencies up to 200 MHz, the 4 group on the
hole octahedron has a weak absorption peak 4-DPR and a
step of the “absorption edge” type corresponding to A-
DSCR.? In the transformation, the absence of a surge for
U\ (H) can be due to the effect of rotation of the plane of
polarization of the generated sound: in the region of 4-reso-
nance, as is seen in the @ (H ) dependence, the presence of a
jump in the angle 6 (H ), corresponding to the range 40-20°,
leadstoadecrease in the projection of the amplitude U (H ) on
the direction X, and an increase in the projection on the Y
axis. The relative change in the amplitude at 4 resonance,
which is due to rotation of the plane of polarizationis AU /
U;=04,4U, /U, =~ — 0.2 in accord with Fig. 4. Thus, the
“apparent” amplitude in 4 resonance is the true value for
U, =12 and for U =0.6. The given estimates are qualita-
tive and require further analysis with the inclusion of specif-
ic models of the energy spectrum of the quasiparticles.

In weak magnetic fields H <5 kOe, where 8—m/2,
there is a series of rotations of the plane of polarization of the
generated sound in thedependence 8 (H )under DSCR condi-
tions. Such dependences of 0 (H ) lead to the result that at
0 (H) = 7/2, the projection of U (H ) on the ¥ axis is equal to
zero and singularities of the “antiresonance” type should be
observed in the dependence of U, (H ) in this range of DSCR.
Obviously, the dips in the U, (H) plot (Fig. 3b—insert) are
due to just this effect.

The monotonic 6 (H ) dependence at a frequency of 155
MHz over the entire range of magnetic fields is well de-
scribed by the function (H)= arctan (@H ~") at n = 1.7.
That is, the monotonic variation of the field dependences in
large magnetic fields is well approximated by the functions
UH)=a,Hand U (H)=a, H™°, in agreement with
the derivations of Ref. 18.

A satisfactory agreement of theory'® and experiment
exists also in the region of fields in which ¢R X 1. Naturally,
it is impossible to expect quantitative agreement since effects
appear here that are connected with the complicated Fermi
surface of tungsten: DPR and DSCR, superposed on the
monotonic background of the transformation. Nevertheless,
the fact of the essential decrease in the transformation signal
for U (H ) atextremely small magnetic fields (Fig. 3c—inset),
when ¢R> 1 and for all groups, is not explained by the the-
ory, which, for this region of fields, gives U (H ) const.
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State Physics, Academy of Sciences USSR.

Golik et al. 364



'J. Mertshing, Phys. St. Sol. 37, 465 (1970).

2E. R. Dobbs, Physical Acoustics, Principles and Methods, Vol. X, 1973,
p. 127.

3E. R. Dobbs, R. L. Thomas, and D. Hsu, Phys. Lett. 30A, 338 (1969).

“E. R. Dobbs, J. Phys. Chem. Sol. 31, 1657 (1970).

SR. L. Thomas and D. Hsu, J. Phys. Chem. Sol. Suppl. 132, 97 (1971).

V. F. Gantmakher and V. T. Dolgopolov, Zh. Eksp. Teor. Fiz. 57, 132
(1969) [Sov. Phys. JETP 30, 79 (1970)].

7Yu. P. Gaidukov and A. P. Perov, Pis’ma Zh. Eksp. Teor. Fiz. 8, 666
(1968) [JETP Lett. 8, 412 (1968)).

SM. R. Gaerttner and B. W. Maxfield, Phys. Rev. Lett. 29, 654 (1972).

°A. V. Golik, A. P. Korolyuk, and V. I. Khizhnyj, Fiz. Nizhn. Temp. 8,
994 (1982) [Sov. J. Low Temp. Phys. 8, 502 (1972)].

19A V. Golik, A. P. Korolyuk, and V. I. Khizhnyi, Sol. St. Comm. 44, 173
(1982).

1y, I. Beletskii, A. P. Korolyuk, and M. A. Obolenskii, PTE, No. 5, 233
(1971).

12C, K. Jones and J. A. Rayne, Phys. Lett. 13, 282 (1964).

365 Sov. Phys. JETP 59 (2), February 1984

I3K. B. Vlasov, A. B. Rinkevich, and A. M. Burkhanov, Fiz. Metal. Me-
tall. 53, 295 (1982).

4T.F. Butenko, V. T. Vitchinkin, A. A. Galkin et al., Zh. Eksp. Teor. Fiz.
78, 1811 (1980) [Sov. Phys. JETP 51, 909 (1980)].

'5J. R. Boyd and J. D. Gavenda, Phys. Rev. 152, 645 (1966).

'E. A. Kaner and V. L. Fal’ko, Zh. Eksp. Teor. Fiz. 64, 1016 (1973) [Sov.
Phys. JETP 37, 516 (1973)).

"G. Reyder, E. Kartheuser, L. R. Ram Mohan, and S. Rodriguez, Phys.
Rev. 15B, 7141 (1982).

18y. L. Fal’ko, Zh. Eksp. Teor. Fiz. 85, 300 (1983) [Sov. Phys. JETP 58,
175 (1983)].

1A, A. Galkin, L. T. Tsymbal, T. F. Butenko, A. N. Cherkasov, and A.
M. Grishin, Phys. Lett. 67A, 207 (1978).

20A. A. Galkin, L. T. Tsymbal, and A. N. Cherkasov, Pis’'ma Zh. Eksp.
Teor. Fiz. 33, 3 (1981) [JETP Lett. 33, 1 (1981)].

Translated by R. T. Beyer

Golik et al. 365



