
We shall conclude by pointing out that the phenomenon 
described above is typical only of compensated metals 
because the term * 2 h  in a,, which results in a differ- 
ence between the amplitudes of the GK oscillations, ap- 
pears due to the addition u!" +up' (the upper index of 
the conductivity denotes the edge along which the re- 
quired function is  calculated). In the case of uncompen- 
sated metals this difference vanishes and for compen- 
sated metals it is governed by the Hall conductivity of a 
local group of carr iers .  

The authors a r e  deeply grateful to E. A. Kaner and V. 
V. Vladimirov for discussing the results. 
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The motion of electrically charged dislocations in ZnSe is investigated by measuring the dislocation 
currents. It is shown that the kinetics of the motion of the dislocations is determined by thermally 
activated surmounting of Peierls barriers, whose heights are found to be directly proportional to the linear 
density of the dislocation charge. A physical model that accounts for the appearance of the Peierls 
barriers and for a number of plastic effects is proposed. 

PACS numbers: 66.30.L~. 61.70.I.e 

INTRODUCTION 

There are  two main reasons why it i s  of interest to 
study the regularities in the motion of dislocations in 
A " B ~  compounds ( c ~ s ,  ZnS, ZnSe, CdSe, ZnO, ZnTe, 
and others). First ,  knowledge of the laws of motion of 
these dislocations may provide a key to the understand- 
ing of such phenomena observed in these compounds a s  
the photoplastic effect (PhPE) and the electroplastic ef- 
fect (EPE) .~ ' -~]  Second. a s  has been shown in a number 

We have recently developed a method for recording 
plastic deformations by measuring the dislocation cur- 
r e n t ~ . ~ ~ ]  We feel that this method will make i t  possible 
to overcome the difficulties mentioned above; in ad- 
dition, this method makes i t  possible continously to fol- 
low such an important parameter of the dislocations in 
A"BV1 compounds as  their electric charge during the 
course of the deformation. 

TECHNIQUE 
of s t ~ d i e s , ~ ~ - ~ ]  the dislocations in these compounds bear In this study we used ZnSe single crystals with the 
a considerable electric charge (of the order of one elec- sphalerite structure, grownfrom the melt and having a 
tron per interatomic distance), and this, it may be sup- 

dark resistivity of 10' to 1013 SZ. cm and a dislocation- 
posed, will lead to features of the motion of dislo- 

nucleus density of -lo5 cm-'. Deformation specimens 
cations that are  not observed in other materials. 

measuring 6 x 4 X 1.5 mm were cut from ingots with a 
Unfortunately, certain characteristics of A"BV' com- 

pounds have prevented the use of familiar methods to 
study the laws of motion of dislocations in them. For  
example, the tendency of freshly introduced dislocations 
to remain fixed for times of the order of several min- 
utes makes it impossible to use the etch pit method for 
recording the motion of individual dislocations. On the 
other hand, methods involving macroscopic deform- 
ation suffer from the disadvantage that in A"BV1 com- 
pounds the large plastic deformation that i s  necessarily 
accumulated during the course of such experiments alt- 
e r s  the parameters describing the motion of the dislo- 
cations. 

diamond saw, were ground smooth with abrasive powd- 
e r s ,  and were polished with diamond paste. Then the 
specimens were etched with CrO, + HC1 to remove the 
work hardened layer some 50-100 pm thickfrom the 
surfaces. Either liquid (In+ Hg) or indium electrodes 
were fixed to the large (4 x 6 mm) surfaces of the speci- 
mens by ultrasonic soldering in order to record the dis- 
location currents. The specimens were deformed by 
compression along the long (6 mm) dimension. The 
6 X 1.5 mm face was a (110) plane, and the (111) plane, 
in which the dislocations move, is perpendicular to this 
plane and makes an angle of 45" with the compression 
axis. As was previously shown,c81 with such a deform- 
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ation scheme the dislocation currents in ZnSe a re  due 
to the motion of 60" a! dislocations, so  the experimental 
results presented below pertain to the motion of just 
these dislocations. 

Figure 1 is a schematic diagram of the apparatus. 
The essence of the method for measuring the plastic 
deformation zp from the magnitude of the dislocation 
currents I, i s  the use of the r e l a t i ~ n ~ ' * ~ ' ~ '  k ,, EI d. The 
small  deviations from this proportionality discovered 
by Kirichenko et ~ 1 . ~ ' '  were taken into account in pro- 
cessing the data. The apparatus diagramed in Fig. 1 
makes i t  possible to register deformation rates i, and 
deformation rate differences ~ k ,  down to -lo-' sec-'. 
The measuring procedure was as follows: The speci- 
men was first  deformed at a constant low rate (usually 
l O ~ m / m i n )  until &,"0.5-1% in order to produce the 
dislocation structure to be investigated. During this 
stage the dual trace x-y plotter 7 recorded the U(E) and 
Id(&) curves, from which the linear charge density q of 
the dislocations could be The n the 
specimen was subjected to cyclic loads u varying be- 
tween the limits 0 and a,, where a, was above the yield 
point 0,. The cyclic loads were imposed at higher vel- 
ocities (100-1000 km/min) of the compressing plung- 
ers .  The plastic deformation accumulated during a sing- 
l e  cycle was only -l(rz% and thus was much smaller 
than the preliminary deformation (0.5-1%). In record- 
ing the dislocation currents during the cyclic loading 
the piezocurrents I,= 6 were compensated. During the 
cyclic loading, the i,(o) curve was recorded on the sec- 
ond plotter. The absence of a hysteresis loop on the 
&,(a) curve as  u increases and decreases permits us to 
suppose that the extremely' small plastic deformation 
(lo-%) accumulated in a single cycle does not al ter  the 
dislocation structure prepared in the preliminary de- 
formation in any significant manner. Hence, in using 
the well known relation 

epu p,.Fdb, (1) 
in which p,  is the density of mobile dislocations, b is 
their Burgers vector, and ?& is their average velocity, 
we shall assume that 

FIG. 1. Diagram of the experimental setup: 1--quartz plung- 
e r s ,  2-specimen with electrodes, 3-stress transducer, 4- 
amplifier, 5-electrometer. 6-logarithmic amplifier, 7- 
two-channel x-y plotter. 8-x-y plotter. 

3. EXPERIMENTAL RESULTS 

To clarify the mechanism of the dislocationsf motion 
we must know the form of the function giving the veloc- 
ity v, of the dislocations in terms of the temperature 
T, the applied s t r e s s  7 ,  and the electric charge density 
on the dislocation. Thus, we need the explicit form of 
the function v,(T, 7, q) or, since v, a B ,  under our ex- 
perimental conditions, the function i,(T, 7, q). This 
function was constructed from families of the following 
experimental curves 

&P(T)~T. 4-mnstl ~ ( 9 )  1 T , ; ~ ~ ~ ~ '  [Tt P lip'OOnsc 

AS examples, we show in Fig. 2 some experimental 
ip(7)1 T,a.const curves obtained by deforming ZnSe (curves 
1 and 2) and ZnS (3 and 4) in darkness (1 and 3) and und- 
e r  illumination (2 and 4). As is evident from the figure, 

~n -a(T) r + f ( ~ ,  q). (3) 
over a fairly wide range of deformation rates (i, be- 
tween and 1 W 6  sec-'), and a (T)  = (a ln . i , / a~)~  turned 
out to be equal to y / ~ .  (That a is independent of q i s  
illustrated in Fig. 2 by the fact that the curves recorded 
in darkness and under illumination a r e  parallel, even 
though the values of q for the two cases a re  substant- 
ially different.) 

The form of the function f (T,q)  in formula (3) was 
found from families of ~ ( q )  I ~ , i ~ " ~ ~ ~  curves, examples 
of which a re  shown in Fig. 3. As is evident from Fig. 
3, 

-aq+yr=const at In (id;,,) =const, T-const. (4) 

Comparing formulas (3) and (4), we have 

. . 
ep=e, erp [ (-aq+yr+E.)lT]. ( 5 ~ )  

The coefficient y, which has the dimensions of volume, 
is equal to (20*2)b3 for ZnSe, (25*4)b3 for ZnS, and 
(50* 10)b3 for CdS. Following established terminology, 
we shall call this coefficient the "activiation volume"; 
i t  does not change for any of the listed materials when 
the specimen i s  illuminated and the PhPE i s  excited in 
it. In ZnS and ZnSe the coefficient y also remains con- 
stant (within the 10-15% accuracy of i ts  determination) 

FIG. 2. Plastic deformation rate 2,vs shearing s tress  T in the 
slip plane recorded at  T = 295 "K for ZnSe (curves 1 and 2) and 
ZnS (3 and 4) in darkness (1 and 3) and under illumination with 
light to excite the PhPE (2 and 4). 
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FIG. 3. Shearing stress 7 for flow at &= 10 pm/min vs dislo- 
cation charge recorded at T =  295 "K for ZnSe (circles) and CdS 
(triangles) in darkness (black symbols) and under illumination 
(open symbols). 

when the deformation &, varies (within the range 0.5- 
1%). In CdS, y decreases  slowly from -50b3 to -30b3 
a s  &, increases from 0.5% to 10%. For  all three of 
these materials  the activation volume y begins to in- 
c rease  monotonically (when i , <  lo-') a s  T decreases  
(see Fig. 2). 

The value of a that we obtained for  ZnSe turned out to 
be  5.1 x 10-3(e/b) erg. Finally, we note that the func- 
tional dependence c,(r, q, T )  found in this way (formula 
(5)) correctly represents  the experimentally observed 
T(T) dependence at  i, = const (Fig. 4). The full T(T) 
curves on Fig. 4 were calculated with formula (5), us- 
ing the ear l ie r  determined values of a and y and the 
measured values of q(T). E ,  was treated a s  an  adjust- 
able parameter; i t s  value fo r  ZnSe turned out to be 0.0 
k 0.03 eV. 

Thus, the plastic deformation ra te  i, in ZnSe i s  de- 
scribed by the usual expression f o r  thermally activated 
processes (formula (5)) with the activation energy E 
= aq - YT and the very  smal l  activation volume Y =  (20- 
2)b3; moreover, y i s  independent of the deformation and 
begins to increase at  small  values of T. The importance 
of these facts  in determining the mechanism for  the 
motion of dislocations in ZnSe will be discussed in the 
following section. 

Figure 5 shows the spectral  dependences of the dislo- 
cation charge in ZnSe and of the magnitude Ao=o, - a, 

FIG. 4. Shearing stress T for plastic flow at &= 10 fim/min 
(circles) and dislocation charge (triangles) for ZnSe vs tem- 
perature, recorded in darkness (black symbols) and under il- 
lumination (open symbols). 

FIG. 5. Spectral dependences of the change ha in the deforma- 
tion stress and the dislocation charge in ZnSe at & = 10 pm/min 
and T =  295 " K. 

of the PhPE (here a, and o, a r e  the flow s t r e s se s  in 
light and in darkness; 7 = 0/2 for  our geometry). The 
identity of these spec t ra  i s  striking. We feel that this  
identity and the identical dependences of Aq and AT on 
temperature (Fig. 4) and on the illumination intensity 
(Fig. 3)  a r e  f a r  f rom accidental, but ra ther  indicate 
that i t  is the change in the dislocation charge that 
causes  the increase in the deformation s t r e s s  (at k ,  
= const) under illumination (the PhPE). It is precisely 
on this that the PhPE mechanism proposed in the follow- 
ing section i s  based. 

DISCUSSION 

We shall discuss the experimental results  in two 
stages. F i r s t  we shall discuss the mechanism of the 
motion of dislocations in A"B'' compounds which, as 
we saw in the preceding section, has  the same charac- 
t e r  for  deformations both in light and in darkness. Then 
we shall consider the reasons for  the changes in the 
quantitative parameters of the motion of dislocations 
under illumination, i.e., the nature of the PhPE. 

Since in our case  the motion of the dislocations turned 
out to be a thermally activated process (formula (5)), 
we shall not consider the viscous motion mechanisms 
but shall ra ther  analyze the known thermal activation 
processes of dislocation slip: the Peier l s  mechanism, 
the overcoming of point defects, and the intersection of 
dislocations. As i s  well known, the primary parameter  
that i s  usually used to distinguish between these mech- 
anisms is the s ize  of the activation v ~ l u m e . ~ ' ~ ~ ~ ' ~  F o r  
the Peier l s  mechanism y i s  usually a few dozen t imes 
b3 o r  even smaller;  f o r  the mechanism involving the 
overcoming of a "dislocation forest" i t  i s  hundreds of 
t imes b3; and for  the overcoming of point defects i t  i s  
hundreds and thousands of t imes  b3.["' Thus, the ac- 
tivation volumes observed in the present experiment 
correspond best  to the Peierls  mechanism. The inde- 
pendence of y from the degree of deformation, which 
was observed i n  ZnSe and ZnS, i s  also characteristic 
of this mechanism. Also, the observed increase of y 
a t  small  values of 7 i s  very characterist ic  of this mech- 
anism.c'O1 

Finally, le t  us  make a few quantitative est imates that 
a r e  usually cited in an analysis of the Peier l s  mechan- 
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ism. Assuming the Peierls mechanism for the motion 
and determining the activation energy E = aq (T = 0)-the 
energy for the formation of a double kink (T = 0)-we may 
estimate the Peierls s t r e s s  Tp-the s t r e s s  for  the unac- 
tivated motion. For  a sinusoidal Peierls contour we 
have 

~~=n'E~/16Ga,lb'-4.3 kg/mm: (6) 
and for a quasiparabolic contour, 

where G is the shear modulus (G = 1.6 X 10" dyne/cm2 
f o r  ZnSe) and a, i s  the distance between neighboring - 

troughs of the Peierls  contour. These values a r e  close 
to those obtained by extrapolating the temperature de- 
pendences of 7 to T = 0 (see Fig. 4, q = q(300 OK)), and 
this, too, speaks in favor of the Peierls mechanism for 
the dislocation motion. 

Finally, the observed long (up to 0.5 mm) straight 
segments of dislocations lying along low-index crystal- 
lographic directions can be regarded a s  an indirect in- 
dication of the presence of high Peierls ba r r i e r s  in 
A"B" corn pound^.^'^' Taking the Peierls  mechanism 
of the motion of dislocations in ZnSe a s  established, 
let  us consider the problem of the observed linear de- 
pendence of the height of the Peierls ba r r i e r s  (5) on the 
dislocation charge density q. In considering models for 
the surmounting of Peierls barr iers  by dislocations, 
let us f irst  examine two published onesc13v141 that involve 
the dislocation charge. ~ a a s e n ~ ' ~ ~  assumes that the en- 
ergy required for the production of a double kink on a 
charged dislocation i s  reduced by the electrostatic re- 
pulsion between the kink and the res t  of the dislocation. 
According to this model, however, an increase of the 
dislocation charge under illumination would lead to soft- 
ening of the crystal, i.e. to a decrease in the deform- 
ation stresses,  whereas experimentally we observe 
hardening (the PhPE). In addition, the activation energy 
varies quadratically with the dislocation charge density 
according to this model. Pokrovskii and Petukhovc14' 
assume that the formation of a double kink in  a charged 
dislocation is facilitated by the electrostatic interaction 
of the dislocation with ionized impurities. For  the fol- 
lowing reasons, this model does not seem to us to be 
basic (decisive) for the PhPE: According to this hy- 
pothesis an increase in the dislocation charge should 
lead to softening, rather than to the observed hardening. 
One could obtain hardening under illumination within the 
limitations of this model by assuming all the charged 
impurities near the dislocation to be almost completely 
neutralized as a result of capturing minority carr iers  
(electrons and holes). In that case the correspondence 
between Aq and AT, which i s  always observed, would 
have to be regarded as accidental. The conclusion that 
the activation energy f o r  the motion of the dislocations 
decreases when ionized point defects a re  introduced, 
which follows from this model, i s  also in direct contra- 
diction with known data on A"B~' 

We can see still another possible way to relate the 
number of electrons captured on broken dislocation 
bonds to the height of the periodic potential contour of 
the lattice along which the dislocation in moving. In- 

deed, since a large number of bonds must be disrupted 
and then joined to broken ones in order for a dislocation 
to move into the neighboring trough of the potential con- 
tour, the energy required for  such motion may well de- 
pend on the state of the broken bonds, i.e. on whether 
they a re  held by one electron o r  by two. At present, 
however, we see no prospects for making quantitative 
calculations on the basis of this model. 

Another possibility seems to us to be much simpler 
and more natural. Let us  consider the atomic model of 
60" dislocations in the sphalerite structure illustrated 
in Fig. 6. As is evident from the figure, when charged 
dislocations move in (11) planes they a re  moving para- 
llel to planes consisting of rows of like atoms which, 
because of the partially ionic character of the bonds, 
a re  electrically charged. Because of the periodic dis- 
position of the rows of like ions, the dislocation will 
move in a periodic electrostatic field. Let us estimate 
the amplitude of this spatially periodic field. Fi rs t  let 
us consider only one plane, consisting of parallel 
charged lines a distance a, apart and a charged dislo- 
cation moving at a distance a, from this plane. Let x 
b e  the coordinate specifying the position of the dislo- 
cation; then the electrostatic energy of the interaction 
between the dislocation and the plane will be 

where q and q' are  the linear charge densities on the 
dislocation and the rows of ions, respectively, c is the 
dielectric constant, and R,, i s  the screening radius (R,, 
>> a,, a,). The force acting on the dislocation will be 

n+z/a, 
az ea, -_ (n+z/a,)'+ (a,/a,)" 

Using the expansion of meromorphic functions in ser-  
ies  of simple fractions, we sum the ser ies  in (9), ob- 
taining 

- -- 2q'qn sin (Znzla,) 
ea, ch (2naz/a,) - cos (2nzla,) ' (10) 

In view of the fact that a,/a, = 1, we shall have 
I cosh(2na2/a,) I >> I cos(2?rx/a1) 1, ,and Eq. (10) will re- 
present an almost sinusoidal contour. Since the ampli- 
tude of the contour falls off exponentially with increas- 

FIG. 6. 60" a dislocation in the sphalerite lattice: o-cationic 
atoms, 0-anionic atoms, b-Burgers vector, a-direction of 
the dislocation line (Ref. 25). 
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ing distance of the dislocation f rom the plane of charged 
ions, the contribution from the next plane will  be smal- 
l e r  by a factor of cosh2r=270, and s o  on. Hence i t  is 
sufficient to take only the nearest plane into account. 

Using the definition of the "Peierls stress" ~p as the 
s t ress  necessary for the motion of the entire dislocation 
a s  a whole, we obtain 

~pb-F= I m a ,  (11) 

and for ZnSe, 
~ ~ = 2 q ' q n / e a ~  ch 2n=4.9 kg/mm: (12) 

In this estimate we have used the value of Berlincourt 
et al.[17] for the effective charge on the atoms in ZnSe 
and the typical value qb/e=0.6 for the charge on a dis- 
location in the dark. We note the beautiful agreement 
between the estimate of Eq. (12) and the estimate ob- 
tained from the experimental data in Eq. (6). 

Let us briefly se t  forth our entire idea. The motion 
of charged dislocations in ZnSe i s  well described by the 
Peierls mechanism, and in ZnSe virtually the entire 
height of the Peierls  ba r r i e r  is determined by the elec- 
trostatic interaction of the charged dislocation with 
rows of like charged lattice ions past which the dislo- 
cation moves. The dislocation charge density q i s  the 
most important parameter in this interaction, and any 
change in q brings about a change in the mobility of the 
dislocations and in the deforming s t ress  7. This mutual 
connection can be traced in the linear relationship be- 
tween q and 7 (Fig. 3) and in the identical temperature 
(Fig. 4)  and spectral (Fig. 5) dependences of 7 and q .  

As was shown in Ref. 8, the charge on moving dislo- 
cations in ZnSe i s  made up of electrons collected from 
trapping levels by the dislocation as it  moves. The 
more such electrons there are  on trapping levels, the 
higher will be the charge, and the lower the mobility, 
of the dislocations. This accounts for the relation be- 
tween the donor concentration in the crystal and the ob- 
served flow s t r e s ~ e s . ~ ' ~ * ~ ~ ]  Irradiating the crystal with 
interband light increases the concentration of electrons 
on trapping levels and thus also increases the dislo- 
cation charge q .  Incidently, since electrons and holes 
are produced in equal numbers under excitation by light 
and the electrons a re  almost all captured on trapping 
levels and the holes on r centers, so  that n,=p,, the 
relation between p, and the flow s t re s s  that we reported 
earlierc1" turns out to be understandable. 

The above considerations a re  equally applicable to 
observations of the PhPE in other A"BV1 compounds 
with the sphalerite (ZnS) and wurtzite (CdS and CdSe) 
structures since the geometry of the (0001) slip plane 
in wurtzite i s  similar to that of the (111) plane in sphal- 
erite. A relation between g and 7 i s  also observed in 
all these compounds. 

Let us see how the proposed model deals with other 
known plastic effects observed in A"B~' compounds: 
the negative photoplastic effect ( N P ~ P E ) , ~ ~ '  the after ef- 
fect (AE),['~' and the electroplastic effect (EPE).~" 

The negative photoplastic effect. Single crystals with 
the wurtzite structure can be so  oriented that plastic 

deformation will take place by slipping of dislocations 
in the (10i0) prismatic plane of the f i rs t  kind.C20*21*3*71 
The edge dislocations lying along the [0001] sixfold axis 
in this plane a re  charged.[" As was shown in Ref. 22, 
however, there are  chains of ions of alternating sign 
(+-+-+ -. . . ) parallel to these dislocations, and the 
periodic electrostatic field described above does not 
ar ise  in connection with their motion. Hence one cannot 
expect hardening to result from an increase in the dis- 
location charge under the action of light. In fact, the 
f i rs t  studies of the effect of illumination on the mobility 
of dislocations in this s l ip  plane showed no PhPE 
( Z ~ O , ~ ~ ~ '  and ~ d S [ ~ ~ l ) .  ~ a t e r [ ~ ]  i t  was found that the mo- 
bility of dislocations in these slip planes in certain CdS 
single crystals can be increased by illumination, i.e., 
one obtains softening (the NPhPE). In the absence of 
electrostatic Peierls  barr iers ,  an increase in the dis- 
location charge can lead to such softening according to 
models proposed by ~ a a s e n [ ' ~ ]  and P o k r o ~ s k i i ~ ' ~ ~  

The e2ectroplastic effect. Considerable mechanical 
hardening (the EPE) i s  observed when strong electric 
fields a re  applied to ZnSe specimens through current 
carrying electrodes.cz1 As further studies 
this hardening is due to the injection of minority car- 
r i e r s  into the specimen through the electrodes. Fur- 
ther, the EPE also ar ises  under monopolar injection of 
electrons and becomes especially marked under dual 
injection, when the limitation imposed by the space 
charge on the concentration of injected electrons i s  
lifted.c241 In this case virtually all the injected elec- 
trons-or all  but a very small fraction (10-6-10-4) of 
them-turn out to be captured on trapping centers,c241 
and this, in turn, leads to an increase of the dislo- 
cation chargec8' and of the electrostatic Peierls  bar-  
r iers.  

The after effect. Ermakov et  al.c191 reported that il- 
luminating ZnSe single crystals already containing dis- 
locations results in hardening, which persists for a 
long time (tens of seconds) after the light i s  turned off. 
The activation energy of the memory process was de- 
termined a s  E =0.2 eV in the same study. Since the 
PhPE i s  due to excitation of the electronic subsystem 
of the crystal, i t  remained unclear for a long time how 
the thermally activated electronic process could have 
such a long waiting time (10-100 sec  at room temper- 
ature). For  the waiting time we have 

t-o-leE/r. (13) 

Hence for t -  10'-lo1, E = 0.2 eV, and T = 0.0257 eV we 
obtain w=lO1-lo2 sec-' from Eq. (13), whereas the tr ial  
frequency w for electronic transitions usually lies be- 
tween 10'' and 1015 sec-'. The energy 0.2 eV agrees 
well with the activation energy 

fo r  the motion'of dislocations having a typical charge 
value of gb/e = 0.6. 

Thus, the memory following illumination takes place 
a s  a result of the capture of electrons on a dislocation 
level of energy Ed ~ 1 . 2 - 1 . 3  eV181 with times for ejection 
into the conduction band of -10-100 sec, while the "de- 
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cay" af te r  the light is turned off takes place as a resu l t  

of a process  having a lower activation energy: 0.2 eV- 
the  motion of dislocations. As follows f r o m  resu l t s  ob- 
tained i n  Ref. 8, if the dislocation charge is l a r g e r  than 
the s tat ionary value the dislocation will  rapidly give off 
the excess e lec t rons  to the trapping c e n t e r s  that  it en- 
counters. 

The authors  thank V. 1. Nikitenko f o r  valuable advice 
and a useful discussion. 
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Acoustic oscillations of superfluid solutions in narrow 
channels 
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The linearized hydrodynamic equations for H e 3 - ~ e ~  solutions are considered in the phonon temperature 
region T(0.7 K under conditions of complete stopping of only the phonon part of the normal component. 
The velocities of two types of sound oscillations are calculated. 

PACS numbers: 67.60.F~ 

A solution of He3 in superfluid ~e~ is an assembly of 
elementary excitations-phonons, rotons, and impurity 
quasiparticles-contained i n  a superfluid background. 
A t  t empera tures  T Q 0.7 K t h e  contribution of the ro tons  
is exponentially smal l ,  and wil l  he reaf te r  be  neglected. 
Under ordinary conditions the phonon and impuri ty  sub- 
s y s t e m s  are strongly coupled with each  other ,  manifest,  
i n  part icular ,  by the fact that the macroscopic motionof 
e i ther  the phonon gas or of the impurity-quasiparticle 
gas is character ized by the s a m e  local-equilibrium vel- 
ocity of the normal  motion. Under c e r t a i n  conditions, 
however, which will  be  spel led out below, these two 
s y s t e m s  can  be decoupled and the contribution of the 
phonon p a r t  of the normal  component c a n  thus b e  sep-  
arated.  

Interactions of excitations in a solution are complete- 
l y  descr ibed  by the corresponding sca t te r ing  cross 
sections, which w e r e  calculated by Landau and Khalat- 
nikovcll and by Khalatnikov and ~ h a r k o v , ~ ~ '  and are of 
the following o r d e r  of magnitude: 

respect ively f o r  impurity-impurity scat ter ing,  f o r  pho- 
non-phonon interaction, and f o r  sca t te r ing  of a phonon 
by a n  impurity quasipart ic le .  Here  x is the  phonon in 
units of T/s (s is the speed of sound), y is the impuri ty  
energy i n  units of 3T/2, and 6' is a function of the o r d e r  
of unity. 
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