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The damped dislocation resonance in KBr crystals has been studied using the pulse echo
method in the frequency range 7.5 to 217.5 MHz and temperature range 77-300 K. In
samples with pre-deformation 0.23 and 0.5 % the difference in dislocation density has
been found to do not influence the temperature course of the damping constant B.

NMnynbcHBIM 9X0-MeTOZOM B objactu udactor 7,5—217,5 MI'm u umHTepBaJje TeMIepaTyp
77-300 K ucciemoBan s3ageM(upoOBaHHBIA AWCIOKAIMOHHBLIN pesoHaHc B Kpucraiaiax KBr.
VYeranoBjieHo, uTo B o0Opasmax ¢ ocratouHoil mepopmanueir 0,23 u 0,5 % pasiuume B
IJIOTHOCTAX AWCJIOKAIIUil He BJAUAET HA TeMIEPATYPHBIN XOJ KOHCTAHTHI geMuO(dupoBaHus B.

This work is a continuation of investiga-
tions [1, 2] considering the phonon-disloca-
tion interaction in crystals using the high-
frequency internal friction. The considera-
tion of experimental data [1, 2] within the
frame of theory of dislocation braking by
phonons [3] has shown that both the disloca-
tion damping coefficient B value at room
temperature and its temperature dependence
B(T) within 77-300 K range is controlled
by two mechanisms, namely, by the phonon
wind and the relaxation of "slow™ phonons.
To reveal the possible braking due to the
dislocation-dislocation interaction that is
predicted by theory [4], the latter of those
works has considered also the effect of dis-
location density A on the damping constant
B. The experiments were done under vari-
ation of the pre-strain € from 0.23 to 1.5 %
at room temperature. It has been found in
the experiments that within said strain
range, the dynamic braking coefficient B is
independent of the dislocation density A.
According to [2], the constancy of B at
varying dislocation density evidences a neg-
ligible contribution of the additive caused
by the mechanism [4] to the dislocation
braking. The experiments aimed at estab-
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lishing of the B(A) functional dependence
seem to be of extreme importance and
should be performed in the whole tempera-
ture range where the B(T) relationship is
studied. This will make it possible not only
to reveal the dislocation density effect on
the temperature-induced B(T) variations but
also to trace the B(A) behavior at low tem-
peratures at which the part player by the
"slow” phonons in the dislocation braking
becomes predominant [3]. The purpose of
this work is to study the damped dislocation
resonance in KBr single crystals at residual
strain e =0.5 % in 77-300 K temperature
range using longitudinal waves in the fre-
quency range of 7.5 to 217.5 MHz.

The high-accuracy measurements of the
ultrasound damping and speed were carried
out using the pulsed echo method on KBr
single crystals oriented along the <100>
crystallographic direction belonging to the
same set of samples that those used in [2].
The sample preparation technology, the low-
temperature acoustic-mechanical experiment
procedure, the original experimental setup as
well the methods of the data obtaining and
processing are described in detail in [1, 2, 5-7].
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Fig. 1. Frequency dependences of dislocation
decrement at various temperatures: theoreti-
cal curves (I-5) [9] and high-frequency as-
ymptotes thereof (1'—5").

Fig. 1 shows the experimental data on
the temperature effect on the frequency
spectra of ultrasound absorption by disloca-
tions Ay(f) at 77-800 K for the samples pre-
strained by compression up to €= 0.5 %.
Comparing these dependences with the cor-
responding curves for € = 0.23 % obtained
in [1], it is easy to conclude that the quali-
tative character of the Ay (f) dependences re-
mains unchanged. The experimental points
are described well enough by theoretical fre-
quency profile obtained for exponential dis-
tribution of dislocation loops in lengths [8].
The trend to the frequency spectrum shift
towards higher frequencies and lower dislo-
cation decrement values at lowering tem-
peratures is also retained. The effect of
resonance parameter shift is more pro-
nounced in Fig. 2 where presented are the
temperature shifts of the resonance frequency
fm(T) and of the dislocation decrement ampli-
tude value A (T) in the maximum.

Using the experimental Ay(f) curves
measured at € = 0.5 % at 77-300 K as well
as theoretical formulas [9], the B(T) de-
pendence can be calculated. The theory [9]
provides the relationships (1) and (2) below
that make it possible to calculate the dy-
namic braking coefficient of dislocation, B,
using both the high-frequency asymptote of
the frequency function of dislocation decre-
ment Ay(f) and the parameters of resonance
maximum thereof, respectively, namely,
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Fig. 2. Temperature dependences of reso-
nance frequency f, and the decrement maxi-
mum value A, .
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where b is the Buergers vector module; A,
dislocation density; A, decrement value at
frequencies f >> f_; A, and f,, dislocation
decrement and frequency values at reso-
nance, respectively; Q, orientation factor;
G, shear modulus in the active gliding sys-
tem. It is seen from (1) and (2), to calculate
the B(T) dependence, it is necessary to know
the dislocation density, the family of reso-
nance curves Ay (f) at various test tempera-
tures, as well as temperature-induced vari-
ations of other physical characteristics:
X(T), G(T), b(T). The density of mobile dis-
locations in KBr samples was determined by
selective etching and amounted 4.5-109 m2.
The Q(T), G(T), and b(T) dependences have
been taken from [1].

It is to note that to obtain the most cor-
rect B values, the Eq.(1) is used most often
where A, is independent of the average ef-
fective length of dislocation segment, L. In
this work, we attempted to calculate B in
two manners, both from the descendent
branch and from resonance. It was of im-
portance to establish how different the cal-
culated values will be. The interest in this
problem is due to the following circum-
stances. It was revealed in [2], starting
from the £~ 0.8 %, the increase in the
crystal pre-straining results in a shift of
the Ay (f) dependence towards higher fre-
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quencies. On the other hand, the same reso-
nance maximum shifting effect is due to the
cooling of a crystal having a fixed disloca-
tion density (see [2] as well as Figs. 1, 2 in
this work). Thus, when studying the B(T)
dependences in a strongly strained crystal,
superposition of those two factors might be
expected, resulting in the fact that the de-
scendent branch of Ay(f) curve will overstep
in part the limits of the measurement fre-
quency range (7.5 to 217.5 MHz). In this
case, the only possible path would consist in
calculation of the B parameter using the
formula (2).

The values of braking coefficient B in
the 77-300 K temperature range calculated
using Egs.(1) and (2) are presented in
Fig. 3. The B(T) dependences obtained in
different manners are seen to be essentially
coincident. Thus, when crystals with differ-
ent densities of mobile dislocations are
studied, the B(T) can be calculated using
any of said methods, however under condi-
tion [5—7] that the theoretical frequency
profile is fitted mainly using the points
lying in the resonance region and after it.

In Fig. 3, presented are also data taken from
[1] obtained for KBr crystals at € = 0.23 %. The
increase of pre-strain from 0.283 % to
0.5 % is seen to not influence essentially
the B(T) temperature trend. The result, al-
though being still a preliminary one, evi-
dences that the conclusion on the B inde-
pendence of the mobile dislocation density
[2] might be valid not only at 300 K but
could be generalized for lower tempera-
tures. However, further B(T) studies in a
broader pre-strain range are necessary to
establish finally the functional relationship
B(A) in the 77-300 K range.
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Fig. 3. Temperature dependence of dynamic
dislocation braking coefficient, B: data from
[1] for € = 0.23 % (squares); data from this
work obtained from descendent branches
(dark triangles) and resonance regions (open
triangles) of frequency spectra A,(f) at vari-
ous temperatures.
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Fiz. Nizk.

V.L.Indenbom, Usp. Fiz. Nauk,

NMunamiune neMndyBaHHA TUCJIOKAIi#i (pOHOHAMHU
y moHOKpucTagdax KBr

O.M.Ilemuenxo, I'O.Ilemuenko

IMmnynscHUM nyHa-MeTomoM y ob6usacti wacror 7,5-217,5 MI'm i inTepBasi Temneparyp
77-300 K mocuimsxeno samemiipoBaHUU AUCIOKAIIHNN pesoHaHc y Kpucramax KBr. Bera-
HOBJIEHO, II[0 B 3pasKax i3 sajuinkosoio pedopmarnico 0,23 i 0,5 % sigminnaicTs y rycrusni
OUCJOKAaIlifl He BIIMBAE Ha TeMIePaTypPHUI Xil KOHCTaHTU JeMI(yBaHHA B.
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