that the ratio 7, /7 is independent of temperature. Therefore,
interpretation of the NMR and ESR data on type I stacks
does not lead to any contradictions.
An estimate of the width of the electron energy band for
type I stacks from y carried out in the tight-binding ap-
proximation'' gives 0.4 eV, which is half the corresponding
value estimated from the thermoelectric power.” This may
be an indication of the importance of the enhancement of ys
by the electron-electron interaction. A similar situation oc-
curs also in the case of organic conductors based on TMTSF
(Ref. 12).
In the interpretation of the NMR data for type I1 stacks
it is necessary to determine initially whether the electron
spins responsible for nuclear relaxation are *“pinned” or mo-
bile. In the case of “pinned” spins we have T |~ 'oc7, (Ref.
8), where 7, is the correlation time of the electron spin. Un-
der exchange narrowing conditions the ESR line width is
AH = (&?)7,/7., where (@?) is the second moment of the
ESR line system of static spins. In this case the reduction in
AH, as a result of cooling should be accompanied also by a
reduction in T ;! for type II stacks, which is in conflict with
the experimental results. It therefore follows that the model
of electron spins “pinned” to type II stacks fails to account
for the nuclear relaxation rate data. In other words, the sys-
tem of nuclear spins should transfer energy to the transla-
tional motion of electrons and its dynamics should be de-
scribed by equations such as Eq. (1). An important piece of
evidence in support of this conclusion is that, within the lim-
its of the experimental error, the power exponent B govern-
ing the low—temperature‘be-havior of (T, )~ ! is twice as
large as a. This ratio follows in a' natural manner from Eq.
(1). Substituting in Eq. (1):thevaluesay = 0.6 Oe and yq

=y, — ¥«a, We find that (K ) for type II stacks at 5 Kis
(K )y = 60. This value differs by only 20% from the valueof
(K ) 5 for type I stacks. Consequently, the difference between
the rates of relaxation involving stacks of the two types is
entirely due to the difference between the contributions of

the stacks to Y. :
The available experimental
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data are in sufficient to
draw the final conclusion on the nature of the interacting
electron spins in type II stacks. Bearing in mind an analysis
of the various possible models given in Ref. 13 and the nu-
clear relaxation data, preference should be given to the de-
scription of type II stacks within the framework of the model
of localization of weakly interacting electrons because of dis-
order.'* A theoretical description suitable for the analysis of
the width of the ESR line of type II stacks is not yet available

..
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The etfect§ of dislocations are studied for
accompanied by an increase in the volu

because the dynamics of a one-dimensional spin system

a random interaction is complicated. We can simply
that the reduction in AH, we have observed at low temp
tures is typical of many disordered organic conductors.

It therefore follows that the results of an investigatigy
of the magnetic properties of (TSeT) Hg,I, by local me
ods are a demonstration of the magnetic inequivalence
cation stacks. The existence of such inequivalent sta
makes it possible to explain qualitatively the unusual com
nation of the transport and magnetic properties of this co
pound at low temperatures. The problem of the nature
spins responsible for the rise of the magnetic susceptibilit
accordance with a fractional-exponent power law requi
further study. ' :

The authors are grateful to E. B. Yagubskil for supp
ing a (TSeT),Hg,l; sample and to M. V. Sadovski,
Shchegolev, and V. A. Merzhanov for discussing the result;
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:;flhere the function % (r°) is continuous everywhere except at
n t: cut. Onothe othoer hand, in terms of the deformed coordi-
atesr =r" + u(r") we can write the displacement field as

(39

LIBBIUM VALUE OF THE ORDER PARAMETER FOR

c}nSIder a Rhase transition involving the condensa-

sp(l)at mode with a wave vector k in the Brillouin zone.
rcsetlnletx:t fieldv(r) = 7€y exp(/kr) be generated in

l'ai-’i‘y a elow the transition temperature, where ¢
1zation vector for the soft mode and 7 is the ordel;'

r. The Landau ex i
. pansion for the free ener -
Yalid near the transition point: B den

v(r) =g(r)e.e’™,

where g(r) is continuous everywh ,
' ere. C
(3'), we obtain ywhere. Comparing (3) and

g(r)=n(r—u)e™".
Condition (2) and the continuity of i i
r
boundary condition Y 07 £(x) give rise to the
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1 (r, 9)=5(g)An(r/r) {1 (1+A cos 20) (1FA cos 2q0)]
_cos(q)—wo) —A Gos(q>+q>0)},"’

(I)=2ninyexp(—nn.i?),

we find that (/) = 0.51; 12,

The domain walls are well separated if r.n/2<1. A
itiqn to the phase of higher symmetry occurs when the
lation radius becomes comparable to the average dis-
between the dislocations, so that the energy associated
e nonuniform structure is comparable to the gain in
ocal part of the free energy. The dislocations thus de-
aase the' transition temperature by an amount AT which
¢ estimated from the relation r, (AT)n, /2 ~1.
Forr,n,'"?«1 t_he domain walls give rise to corrections
S‘ ;hermodynamlc quantities. To find the correction to
ree energy, we note that the average wall diameter is
0.5n; "%, while the number of walls per unit area is
; hence the correction is

(4)
(10)

n(ﬁi !7=+0a Z) =e‘“n(5v !7=—0’ z), >0
for the order parameter at the cut [the change in 77(r) over
atomic distances can be neglected]. For the case when the
lattice period doubles, we have kb = 7 and the boundary
condition is

n(&, §="+0, 2)=—n(%&, §=-0, z), £>0. (4)

We stress that the boundary conditions (4), (4') result from
our use of undeformed coordinates; the actual displacements
of the lattice sites have no singularity across the cut.

The equilibrium distribution of the order parameter for
r<0 is governed by the boundary conditions (4) or (4)
together with the familiar equation

where 7 and @ are the polar coordinates in the plane norm

to the dislocation, and @, is the angle between the domaif
wall and the x axis; the constant 4 is of order unity and can
be found by matching (8) with the asymptotic formula

r>r,,
{ 1, q)o<(p<2n—0
S@=1 _y, —b<e<po

A= (ci—cy) sin® p
= ¢, (1+cos B) teysin® b )

Now let the order parameter be complex. If continuoj
degeneracy is present then 7 varies from 7, to exp (ik-r) 74
the entire region around the dislocation. The solution fg

r>r, describes a vortex:

n(r, §)="noexp(ikbd(e)/2n),

b(nP—ne?)n—c.(B)a*n/dz*—c.0*n/dy*=0. &)
Here the x and y axes lie in and normal to the plane defined
by the dislocation and the vector k, respectively;
¢, (B) =c¢ysin’B +c, cos*B, where Bis the angle between k
and the dislocation; 3 = |a|/b.

We consider the case when the lattice period doubles (7
real). For distances much greater than the correlation radi-
usr, = [(c.(B)ey )1/2|a|]'/2, the solution has the form of a
domain wall with origin at the dislocation (Fig. 1). The or-
der parameter is equal to — 7o inregionIand + 7,in region
II; 5 varies continuously from —7,t0 + 7o inside the do-
main wall. The equation for the change in 7 in the wall is

(6)

(11)

Afv™ ind"a.

0~ Jac, wheref, is the density for the anomalous part
free energy, the correction has a stronger singularity as
than is the case for the free energy in a pure substance
Wever, for .n, /2«1 it remains less than the anomaloué
the free energy. In the Landau region Af,, ~|7]>/?
in the fluctuation region Af,, ~|7|2~*~", v':;here a i;
itical index for the specific heat and v is the correlation

For small distances 7 £7, b

n(r, @)=Bnl (r/r)(1+ A cos 29) 1¥/2% exp (ikbp (@) /2”).., : We next consider the correction to the specific heat
( Co*[ing"Td*0/0T".

where

(@) =arctg[(c/c.) tg o] +1(p), —O<e<2m—
v (@) =nn, nn—n/2<@<natm/2.

b(n*—net)n—c.() " n/oz.*=

with boundary conditions ndau region,

where B~ 1.
A similar result was obtained in Ref. 6 fora Heisenb

antiferromagnet with a screw dislocation. The solutions:
and (9') reduce to the one found in Ref. 6 for keb = 7 ¢
¢. (B) = ¢, =c;. The vortex energy per unit length is

E,= (4m)~* (kb)*(ccc.) o’ In (LIrs),

(6"

n—>=£1, as x>0, o2, as " v | ~%/T.b,

in the fluctuation region AC,, ~ |7| =*~". In a perfect
: e'tempera_ture dependence of the specific heat in
u region is determined by the fluctuation correc-

Here the coordinate:x , is normal to the wall, and a is the
angle between the wall and the vector k. The solution is

n="no th(z,/2%r() ], )

[, (@)/|a]1'/2 The linear strain on the wall
then the strain is mini-

where L is comparable to the distance between the disléed
tions.

=2""kpa,|v| " /nc*,

compare this with the correction due to the domain

wherer, (a) =
is o =23"%a%,(a)/3b. If ¢, <¢|

mized for a wall parallel to k.
When r <7, we need retain only the derivative terms in

the left-hand side of Eq. (3). The solution is then

3. CONTRIBUTION FROM DISLOCATION DOMAIN WALL =gx p < . _7_'3_ (12)
L. b T

TO THE THERMODYNAMIC ANOMALIES e
We now consider the period doubling case in mor¢
tail. If many parallel dislocations are present, a domain
structure forms in which each wall extends between tw!
locations. If the strain on the walls is not too anisotrg
they will extend primarily between adjacent dislocati
the positions of the dislocations are random and uncorrgidy
ed, the distribution of the wall dimensions is given appr
mately by the distribution function for the minimum;g&
tances between the dislocations. Consider an arbit
dislocation. The probability that the nearest dislocation
at adistance from/ to] + dlaway is equal to the prod '

c

c;’ is the. interatomic distance (~10~7 cm) and
f/kgdb is of the order of the atomic temperature
-10° K). If T, ~10? K then the domain walls deter-
temperature dependence of the specific heat at den-
~10-10° cm 2. :

1ﬂferr.oe1ectrics exhibit a dielectric anomaly at the
tlor point owing to the proximity of the ferroelectric
» ¢,.¢.g., Ref. 8). To examine how dislocations influ-
llis ‘anomgly, we expand the free energy density in pow-
.leec f:;(l:aglzlztzn P and order parameter in the presence

( — mn,12)-2win,dl, where the first factor is the probal) b Can §
. . . “iqe . =— %t —pt + Cij L] n ap
that no dislocations lie within a sphere of radius I, a : s T TS 9 G +_——p? (13)
FIG. 1. A dislocation domain wall. The wall is bounded by the dashed second is the probability for a dislocation to liein a shell® 3P ap 2z Oz; 2
, whi -and- i | . T . . AN . g Cpij 2
curve, while the dashed-and-dotted line shows the plane of the cut he radius / and thickness d/. The dis tribution function + 2PJ - PE+ b,2'r] pe
i Z; !

wall and cut divide the crystal into two regions I and II with order param-

eter 5 equal to — 7o and ~+ 7, Tespectively. nearest-neighbor distances is thus

A. E. Koshelev .
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The equilibrium distribution P:is: de i
equation ‘utlo‘n,ﬂg)}); 1?1;’(>le'ferm‘ned by the

aPP+bi"lz(")P—CpgazP/ax{afzj=E_ (14)

For_ a perfecg crystal P=const, and ( 14)“ gives 1/
%o =4ap + b7 for the reciprocal of the susceptibility. In

the Landau region when 7 i
<0, 1/%yincreases li
temperature decreases, e . finearly as the

1'/x°=(a°b‘/b—a“’),T|+aop‘to. (15)

To estimate the correction t
. _ 0 1/, due to domai
dislocations, we use the equation ° main wall

las+bin*(2,) |P—co(a) ?Ploz, =0 (16)

for thezchange in P near a wall; here ¢, (@) = ¢, sin%a and
cpi €0s°a, and the function % (x, ) is given by E;” @) ’

- The derivative term in (16) can be neglected in éhe re-
gion |7| £7,, and the dislocation correction is of the form

A(1/x) = —nitr.bmgi~— 1|t (17)

To estimate how the susceptibili i ‘

o ptibility behaves in the opposit
limit |7| > 7o, we make the change of variable u = x /sz:/ 2:- :
This transforms Eq. (16) into ' o

(8:—S\/ch* 1) P—3*P/out=8,u,E, (16")

where for 7> 7, the dimensionless constants Sy =2ch,/cpb
and S, =2(c/cp ),(bl/b — agp/a,) are of order unity. We
conclude fron_l ( 16' ) that the additional polarization per unit
g?}; ;r)ea 1 1sThg1ven by AP =C(S.,S,)x7.E, where
192) ~ 1. The correction to the inverse su ibili
when |7| > 7, is therefore seeptibiiey

(18)

A (1/%) "’—ndll’rc/uofv.__ I TI‘/"

The correction in this case also depends on a fractional pow-
er of the temperature, but with a different exponent. We have
a.ssumefi in the above calculation that a ferroelectxiic transi-
tion does riot occur on the wall [in order for such a transition
to occur, we must have S, > (S, — 5,)?].

4. LIGHT SCATTERING

Irr.egula.rities in the crystal scatter light by producing
ﬂuctuajclon's in the dielectric constant . The intensity for
scattering involving a change in the wave vector by q is

_ 2 . .
I : ( |£(_q)j Y, where £(q) is the Fourier component of the
dielectric cqnstant. For our qualitative purposes we may ne-
glect the anisotropy, so that

e=e,t+gn (19)
We consider sca.ttering by domain walls when the light
wavelgngth A satisfies n; '>> A r,. For visible light, this
corresponds to dislocation ‘densities 7, < 10° cm™2. The
walls scatter independently at these wavelengths, and they
perturb ¢ by an amount :

‘A8=_ng 6[ (r_roi)nj]e(lj/z—‘!l'—l'o,‘l )" (20)

—93/2 2 :
where g,, = 2°/%gn,°r, ;n; is the normal to the surface of the
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(the walls are parallel to thez

jth wall, which is of length /;
t of ¢ is of the form

axis). The Fourier componen

sin[ (g« —qynye) b/ 2] ,
=@ =—2g“2' q,,m:—qunsz 8(g.)exp (iaro).

(21

H

Since the component of the wave vector parallel to the wall
most of the contribution to the scattering is
from walls perpendicular to q (provided that g{/) > 1, ie.,
the scattering angles are not t00 small). Upon averaging
|e(q) |? over / and the directions of the normal #, we obtain

varies slowly,

the result
(|e(q) | =Vg. na"6(q:) /24, (22)
where V is the volume of the illuminated crystal. The total

scattering intensity is
1.~V (A/27) g na" In (Ang™).

~ |7}, the scattering by the dislocation domain walls

Sinceg?,
t. The above

becomes stronger away from the transition poin
result may be compared with the intensity

1,~V(poe/op)*ksT/A,

for scattering by noncritical density fluctuations, where A is
the elastic modulus. We obtain

(Y

it (BN (23)
_I"‘/I" ane (pae/ap kaT\ d

Inserting the estimates
gnot(pae/dp)t~10~*, A~10%, r.~10d,
Adkg~T~10°K, T~10*°K, ns~10°cm?

we find that
LJI ?~10°.

sities the walls can thus scatter

Even at low dislocation den:
he density fluctuations.

light much more effectively than t

5. ABSORPTION OF SOUND

We now consider absorption of a sound wave in a crys-
tal containing dislocation domain walls for which 4, »r.,
where A, is the acoustic wavelength. The sound wave causes
the walls to vibrate, resultingin the absorption of energy. We
examine the simplest case when the interaction energy for

the deformation and order parameter is given by

Ewe=r S dr divun®.
We can then write

Efn=r, S drdivus{y—v(z,z 1], re=2%nror
for a deformation interacting with a wall at position y, where
y =v(x,zt). We consider the motion of a wall of length /in
the field - of a longitudinal acoustic wave u=1ug
expli(gr —wt)]. If the interaction is weak the perturbation
of the sound wave may be neglected to lowest order, and the
wall displacement v(x,z,¢) = v(x)exp([i(g,z — wt)] obeys
the equation .

1102 Sov. Phys. JETP 64 (5), November 1986

(—-—p.,m’+i'{..co+aq,’—-062/0xz) v(z)=rog,{(qu)exp(ig.z) (2

with the boundary conditions v(0) = v(l) =0.
We have

pu=2lpe/re,  Yu=2"YaM'/ e

in the Landau region, where p,, and 7, are the effective m;
and the damping constant for the soft mode. The power
sorbed per unit length of wall is given by

]

P,(l,q) = -12—r.,,q,,(quo)m'5 dz Im[exp(ig2)v (®)]. (23

The energy absorbed by the wall per unit volume per
time is

E="/n4a(P(l, g, cos ¢, q.8iD P, q:) 1, 5
The averaging is carried out over the angle ¢ between t%
projection of the acoustic wave vector q ahd the z axis, afl
over the length / [with the weight function (10) ]. We
glect the anisotropy in 0, pu» Yw and solve Eq. (24) by td
ing Fourier transforms. Inserting the solution into ( )5
yields the following'expression for the inverse acoustic re

ation time 1/7, = E /pa’uy:

1 rvna Z‘ (1/7,)1q.* sin® @| 2. (g, ! cos @ |*
T 8ppu _, {0*-v. g+ (nn/1)?]} 0%/ 10" Lap

Here v, = (0/p,,)"/> and 1/7,, =¥, /p,, are the propag
tion velocity of the wall oscillations and the inverse relax

tion time, and the
an (gl) =2ntn[1—(—1)" exp igl] [(nn)*—(gl)*]™!

are the coefficients in the expansion of exp (igx) in terms

the harmonics sin (7nx/1).
If 1/r,>v,ny* and the frequency satisfies ¢

7, > ©® 7,0, 1y, one can derive the result
1 - r‘,’-c.,,nZ' ¢
T 16ppuvs
where v, is the speed of sound and &, is the angle between |
acoustic wave vector and the dislocations. In the Landgll
region, expression (27) can be recast as
L _ (ngtrndrig’
T 4pavid
We now compare this result with the case of absorp!
by the Landau-Khalatnikov relaxation mechanism.
sound wave perturbs the order parameter and acoustic €I
gy is absorbed for finite relaxation times, because 7 is ung
to adjust back to its equilibrium value. The inverse rel:
tion time corresponding to this mechanism is
1/7Lx =2r2g*no2/pa’.
Comparison of (28) and (29) yields

TLK (2nqg) *ria’
— S —————

T, 8Yvs

2
th Uy
~ng rc(mn'tn)’(—v—) ’

L]

sin® oL,

sin’ o,

A. E. Koshelev

e vy =c/p, (v, ~v,), and w, =(a/p,)"? and
Py /¥, are the frequency and relaxation tinme for the
{ m'ode. The result (30) shows that the absorption by the
omain wglls can exceed that due to relaxation \ihen
7, > 1 (i.e., sufficiently far from the transition point)
Eluai?t; lcl)jvT ter<nperat}1/1;e1s1 there is a region in which the. in-
! w €U, Ny olds. Here th ion i
Qnt—ss)und at frequency w is absorbecei ;?isr(:llﬁrzllgnbls :v:.sl?-
ose dimensions are close to the resonance values ly (n )f
i (D:;:Uwz[q:2+(nn/lpes(n))2]- res(3l).
o oy T8 the wall st oo oy sy edual (0
_ _ o that v, <v, ), we
eq, /<1 in the region of maximum absorption Cglc, 1
? of the absorption using this inequality lead to 'the relsluellt-

1 3o ( ® )
A

T 20000 (32)

f(x)\=x‘32 (2n+1)exp[—mn(2n+1)22-2]

n=0

given approximately by
exp(—n/z%)/2*, z<1

I§ % ) {
f(=) 1/4nz, 1’
r small and large x (see Fig. 2). With the estimates

pa~p, r~10d, 1,~0,1d, rm*/pv,>~10-2,

iobtain 1/7,w ~ 1073 in the regi .
yeset 1, ~ 108 cm 2. gion of strongest absorption

PA_MPING OF THE SOFT MODE

We now consider the oscillations in the order parameter
_by th.e domain walls. When defects are present, the
lons in 7 heat the material nonuniformly and’ are
, cl3 due to heat transfer between different regions of the
;st?l._ Th.e equations of motion for the order parameter
g. domain wall (including temperature fluctuations) are

i +ioyn+|al [2___‘3“] ot
ch2 (-‘BJ_/Z'/’I'c)' n_cﬁ ax; ax,

a,
(33)

2. The functi
e unction f(x ing
tption curve, S(x) determining the shape of the resonant acoustic
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T

zcoCnT'_zmao’f]n(%L)”]=%AT', I (34)

where C, is the specific heat for 7 = ¢onst 2
' pecific heat for 1 = const and x i
mal conductivity. The exp'ressioZ’ netand s thether

E=—L arly0tmn ;
2 Tn0 NN +aoTc—‘7Io (r)Im (TI'T') 1 (35)

for the absorbed power can be derived from
f;:f;tlal dzscrlblng the in.teraction between ];::ge (oi?i)erl:;e
rame er :;a dor?aln wall is nonreflecting. The phase shift
: tendgS It)o Zerge of an order parameter wave with wave vector
gten do asq— 0 (Ref. 10). For this reason, the form of
the genmode .w1th q = 0 changes only near a wall: we will
negrect:}tl ;ch;; ggdo;aﬁf ] tollbe inlc}ependent of r, Edg,e effects
¢ walls wi i i
char%ges sign near the wall and thea::rsr(l)ml:leltl(%tl’1 l?;:l:tii.n Sl'nce ,
porFxonal_ to 175(x, )7, the temperature change will hg vop.
posite signs on either side of the wall. Sj . o
_C',7 o, 2> p, everywhere except in a narrow. tSlnce .
;1t1terval near the transition point, we can replace ;ﬂgel‘)a;llfe
ep fqnctlon. The change in temperature nea he wall iy
e ghver o r the wall is

]

r =T {1_exp[_(icnwn/%)%lx.l.l]}- (36)
Substitution into Eq. (35) gives
2 Y
=2_'/’ lll& _—% : noz
e (37)

Cyoy Cyoy
f;:;r:h'e contribution from the domain walls to the effective
& pllcn“g csonstant 7/_,]3= pnE/E. If we use the estimates
n~ 377 (Fi~v, ) andx~ky T, v,/Td *for the phonon
Zg::lﬁc heat and thermal conductivity (they are valid for T
cor pa.rable to the Debye. temperature 77, ), we obtain the
owing result for the dimensionless ratio Ya/pn, =1/

TaWy !

Vzaon~na"de="(T [T 2T) (T o/T)". (38)

Setting n, ~108 cm=2, T
s IT~T,~Tp, ~102K, and 7~1

. ' ~1, we

tg;; Zl;?te;:;rgate /740, ~1. This mechanism,can thus d;mp
' e even at temperat i i
tiom oinn peratures quite far from the transi-
The above result ma; :
y be compared wi i

due to anharmonic effects®: P it the damping

1/tn0n=4 (kaT[Aeo) +B (kaT/hw,)Y, A~10-2, B~dQ-?

This expression is more singular than /7,0, as7-0. How
;ver},lfor the gbove parameter values and T'j 1, the da.mping-
131' t 1e domain walls is two orders of magnitude greater. It
should be no'ted that the contribution from the domain wall
to the d.ampmg constant, which determines the relaxati X
absorption of sound for T=~7, [Eq. (29)], differs gr 1311
from ('37). The perturbation of the order p;rametergb eithy
acoustic wave can be described by adding a drivin f)f .
Sx) =.r')7(,(xl ) div u to the right-hand side of (3§ ) olr?.ce
cause this force changes sign near the wall, so does the ss0.
ciated chan.ge in the order parameter, and the even igen.
mode considered above is not excited by the waveelgf‘?llllc;
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damping constant for the forced oscillations therefore differs
greatly from the damping constant for the eigenmode. In our
case the amplitude of the heat source, which is proportional
to no(x, )n(x,) [Eq. (34) ], is spatially constant except
within distances (. from the wall. For r, €x/C, » the tem-
perature distribution is of the form

i0aeMNNTe i0Cq \ ™
o domnr T (1002)" |
(ioxCy)™ P %® |2.]

Substitution into (35) then yields the estimate
act ndv,nozruz at cna
oo~ ———. 39)
YT, (@Cyn)™ bT.(0Cex)™ (

This result is valid when @$n,%/C,, i.c., when the heat
transfer occurs independently for each wall. At low frequen-
cies w €n,%/C, the departure of the temperature from its

equilibrium value is expressible as

T'=ama N /CH T, (40)

where the bar denotes a spatial average; T" €d, 7o1/Cy
obeys the equation :
wAT" =—ia,08(nm),
where 8(7,n) is the deviation of 7¢7 from its average value.
We have the estimate
T" ~igyononrot(r) 1%,
wheret(r) ~1, t(r) = 0. Substituting this into Eq. (35), we
obtain
a® Mo @e’C ©(41)
T, =% bTon

4~

At low frequencies the effective damping constant for the

forced oscillations is thus independent of the dislocation
—2, the transition from

density. For T~Tp and ny~ 108 cm
(39) to (41) occurs at frequencies @ ~ 10%-10°s 1.

7. CONCLUSIONS

We have used a simple model to analyze how disloca-
tions affect the properties of phase transitions that are ac-
companied by an increase in the volume of the elementary
cell. The model treats a phase transition of the displacement
single soft mode condenses. The situation for
real crystals is frequently more complicated. For example, in -

typein which a

1104 ‘Sov. Phys. JETP 64 (5), November 1986

lead zirconaté (an antiferroelectric), several soft modes con-
dense simultaneously, and the elementary cell for the low:
temperature phase contains eight elementary cells for the'

high-temperature phase. In nonintrinsic ferroelectrics, the:
order parameter has two components. There are also materi-
als (such as ammonium dihydrophosphate, ADP) in which
the period increases as a result of an order-disorder transi<
tion. Although the specific models for the interaction of the
order parameter with dislocations differ, in all cases disloca:
tions are responsible for domain wall formation when
T < T, and the results found above remain qualitatively cor-
rect. Above the transition point, the order parameter inters
acts with the dislocations either through the deformation
field* or because the order parameter is distorted at the

centers of defects.> For T'> T, all the effects involved in

the interaction are proportional to the dislocation densit)
n,, while for T'< T, they are proportional to n/?, owing t
the formation of domain walls in this case. It would be
tremely interesting to have comprehensive experimenta
data on how plastic deformation alters the properties o
phase transitions that increase the volume of the elementar;
cell. |
I would like to thank S. V. Iordanskii for his interest i

this work and for helpful discussions.
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‘rift of Bloch lines in an oscillating field
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A theory is develo i

: ped of the drift of Bloch |
magn_etlc field which oscillates in time
velocity on the frequency, amplitude ;

Dedukp, Gornakov, and Nikitenko'? discovered a di
tional drift 9f Bloch lines in a cubic ferromagnet subail tl-
0 a magnetic field which oscillates in time and is hoJ o
neous n space. A similar effect was by
émann for Bloch walls. An important feature of th
18mann theory® is that the Landau-Lifshitz equatione
an exact solution for Bloch walls. An exact solution f; :
loch line has not yet been found. Nevertheless, we sh;ﬁ
below that only very general representatio’ns of th
ructure of a Bloch line are sufficient to account for ;
ribe qualitatively the drift effect mentioned above "
-1, The Landau-Lifshitz equations in spherical cc;ordi-

predicted earlier by

0 sin 6—x¢ sin® 6=8F/6¢, ¢ sin 0—x0=5/50 (1

—

cos 0 sin’ 6 cos® ¢
50 sin’ 6 c0s ¢ sin® @]+ '/,[sin? 6(Vg)? +(V8)2]

+ jdV'lr—r'l“ divM(r)divM (") }

.the effective uniaxial anisotropy* due to the mag-
it :g(ril.a 'II(‘)I:leg stt;:e[? l=1 ]Oecorrespo?ds to the magnetiza-
: ng il asy axis (x axis); thela
i;i):rtr;asglgftlzatlon energy. The y axis in the Caiietsei;l:
? ls'asiu I:lmd(xl,ly,z) is dlfected along [110]. In Refs. 1
eBloch " ed that dqmam walls lie in the (z,x) plane
o nes are f)nented along the z axis. We shall
at the equilibrium structure of a line is described

8(),90(r) };
(M, M*, My*) =(cos 6, sin B, sin o, sin 8, cos ).

e line orientation assumed in Refs. 1 and 2, the func-

only on (x,y) ( i
P ' ) (we shall ignore th
ects). We can easily see that functions of tlgle type )

‘ | {n+00(2, ~y), ~o(z, —p)};
nH0(—z, ~p), (-2, —p)});

O(=2, ), —po(—z, y) };
gl-ea(—x,y),—qio(-x,y)};

(=2, —y), po(~z, =¥)};

{0y, @5} depend

Sov. Phys. JETP 64 (5), November 1986

A Z ‘
cademy of Sciences of the USSR, Chernogolovka, Moscow Proviﬁce

ines in a ferromagnet subj

ines i . Jected to an external
béltd is un{form 1n space. The dependences of the drift
and direction of the field are determined.

VII: {60(1', _y)s_qJO(xy —y)};
VIII': {n+eo($»y)v¢0($y y)}

correspond to the same energi
: : gies (2) and, therefo
;:lt d(;ﬂ;zfr/lg esolu(;xons of ‘the equilibrium equatiroer;: e(Splzr'e/-
=0, = 0. The magnetization field i
to these solutions are show natically in Fig. | Ths
: n schematically in Fi
blaclzk. and white pgrts of these Bloch walls correspogz;dlt.oplt;}:e
pos.1t1v§ and negative values of the z component f :
netization. ponent of the mag-
2. We shall assume now th
atf@ =0, 4 0,, ¢ =
where 6, and ¢, are arbitrary small functionsl o?(x f)o -t;;pr;’

N
n the a 1 s

5E/(5(P= W¢1+L¢eei; 6E/66=L9081+Le¢¢“

:;fllexezg I;l;e tz:xat’trix ;nt}legrodiﬁerential operator L defined by
onents of the second variational derivati
energy E with respect to #and @ i Fadiotnt Sine
. is clearly self-adjoi i
the solution {6,, @, } i’ i of the ener
o Pof corresponds to a minimum of
gy E, the spectrum of the o L h by
perator L has no negative ei
values. We shall assume th iti reon sy
| at the position of a li i
not pinned by any defects or ot 50 oot b
pi external conditio i
notp y d ns so that in
ad ;:: et:att}eles iil::.tlon EZO’(%}’ we have a continuous series
' » 1ons 16y (x 4+ X,p), @y (x + X,
X is an arbitrar: ’ " obvious: o where
y constant. Hence, it obviou
the operator L has an eigenvector oy follows that

(080/0z, d¢o/dz) 3)

:ggle;e;ct) heitgelrllvalue. It follows from the experimental data
- J that the position of a domain wall is pj i
growth defects or by the effec ted with the doa
wth ts associated with the d
netization so that there is an ej c wall v
: frequency of th i
brations amountin M | %, For thommrs
tions a gtoabout 1.8 MHz (Ref. 6). F
of (silml_ahcny, we shall add a term 4 27 M 2 yzdv? .to (t)ll;et};i:?ke
and this term represents the “attraction” of a domain wall fc}),

I I I r

L
-L:i_ﬁ_

—

FIG. 1.
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