layers. Moreover, the electron free path length should
“be small in comparison with the reciprocal of the mo-
mentum of the phonon,

The first condition means: I <§y(T,/w)¥(T- T,)/T,;
satisfaction of the second condition depends on the di-
rection of sound propagation. For sound propagating in
the plane of the layers, the inequality 7 <k7' is always
satisfied if the first condition is satisfied. In the case
of sound propagation perpendicular to the plane of the
layers, the same situation holds at sufficiently high
probability of jumps between the layers
w>e}/*T- T,)!/2. In the opposite case, a more severe
limitation on the free path length is necessary for satis-
faction of Eq. (20) in any direction;

I<t,(w/es)*(T./(T—T.)).

Thus, the temperature dependence of a,,/ d,, has the
following form in a dirty layered metal. Upon approach
to T, such that 62<(T - Tc)/Tc<1 (under the condition
that the quasi-two-dimensionality parameter 602 =Tw?/
4T, «<1), the fluctuations have a two-dimensional char-
acter and correspond to sound scattering by the fluctua-
tion pairs in each layer separately. The corresponding
temperature dependence ~(1 - 7/ T,)‘z. Upon further
decrease in the temperature: (T- T,)/ T, < 6%, elec-
trons from different layers take part in the fluctuation
pairing, the fluctuation picture becomes three-dimen-
sional and, although the closeness to the two-dimen-
sional region causes the absolute value of a,,/ a, to ex-

ceed the corresponding quantity in two-dimensional re-
gion, the growth of a,,/ a, now takes place according to
the much slower temperature law: ~(1 - T,/T)~3/2,

In conclusion, the authors express their gratitude to
A. A. Abrikosov, B. I. Ivlev and A. I. Larkin for valued
discussions.
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It is pointed out that in uniaxial ferroelectric materials the domain structure should be branched. The

parameters of the simplest structure are determined.

PACS numbers: 77.80.Dj

For uniaxial ferroelectric materials, the domain
structure usually discussed in the literature is that
proposed by Mitsui and Furuichi® (see Fig. 1). Itis
essentially the usual Kittel structure, in which, how-
ever, allowance is made for the difference of the po-
larization P in this case from its nominal value as a
result of polarizability in the field produced by the
structure near the exit of domains to the surface of
the crystal. In Ref. 1 the susceptibility a;, (P, = a;, E,)
was regarded as constant, independent of the electric
field E. This limitation actually produces results, ob-
tained in Ref. 1, that are inapplicable to ferroelectric
materials. In fact, the depolarizing field near the exit
of domains to the crystal surface is 47P in order of
magnitude; and since the susceptibility of ferroelectric
materials is large, the polarization P here will differ
significantly from the nominal value P,. Under such
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conditions, there is no reason why o should not depend
on E, Furthermore, according to Ginzburg’s theory?®
states with P <P,/3"2 are completely unstable; and they
necessarily occur, for a large value of the suscept-
ibility, even in a small depolarizing field.

This situation leads to the impossibility of existence
of the domain structure of Fig. 1 and of other similar
structures, with a large distance between the places of
exit of domain boundaries to the surface, in ferro-
electric materials. Avoidance of a large value (of or-
der 47P) of the depolarizing field is possible only in a
branched structure. But the structure proposed in Ref.
1 can exist in pyroelectric materials in which the su-
sceptibility is small.

We shall consider the simplest branched structure
(Fig. 2). Such a branching scheme was proposed by
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1 FIG. 1.

Privorotskii ® for the case of ferromagnetic materials.
Here we shall determine the parameters of this struc-
ture.

The first wedges originate, in each domain, at a cer-
tain definite distance (see below) from the crystal sur-
face. The next branching occurs when the wedge at-
tains a width equal to § the period a of the structure.
Thereafter, everything is repeated on a reduced scale,
until the dimensions of the wedges become of the order
of magnitude of the thickness of a domain wall, at the
very surface of the crystal.

The wedges are extremely elongated; and if we neg-
lect distortions in the regions where new wedges are
being produced, we can easily find the form of the
wedges from the requirement that the electric-field
energy be a minimum. This problem was solved by
Lifshitz,* who was investigating a domain structure
with a single wedge in ferromagnets. We get for the
electric-field energy, taken over the first branching
in each domain,

L e ®

where &, is the height of the first wedge. The value of
h, is determined by the condition that the sum of the
energy (1) and of the energy of the domain boundaries
must be 2 minimum. To each domain belong three
boundaries (until the second branching); and if we ne-
glect the small difference of the length of the wedge
boundary from %, and also the small difference of the
value of the surface tension of the slightly inclined
boundaries from the energy A of ordinary boundaries,
parallel to the spontaneous polarization, then the total
energy of the boundaries for each domainis 3Ak,. The
minimum is attained when

hy=(APa*/3A)"%.

For the ith branching, the same formula is valid if
a is replaced by a; = a/3'~'. Summation over all the
branchings gives for the exit energy the value

6A" ,
‘3"’——1 P,A"a*, (2)

The energy density of the domain structure in a plate
of thickness L is

h\A _ 6% P
(1_ZT)Z+ o B9 @)

where h is the depth of penetration of the branching
into the domains:

=Yg ()

Tl

e
Pya*,
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The first term in the expression (3) is the energy of the
domain boundaries; the second, the exit energy. On
minimizing with respect to a, we get

a=(AL*y*Ps)"~0,31 (AL*/P )", (4)

where

1 1 2 1
=R —
1=8n (2"' 3" )( 31 31 )
The depth of penetration % is

3h—1
h= —ﬁh__—iLz0.0QGL.
/

We have completely neglected conductivity, since
only then can one speak of a thermodynamic-equilib-
rium domain structure. In the presence of finite con-
ductivity, any domain structure must disappear in a
state of complete equilibrium. The various structures
that are usually observed are apparently metastable
states. Thus, for example, if conductivity is “switched
on” in the structure that we have considered, the pre--
sence of an electric field where domains exit to the
surface of the crystal will produce a flow of charge,
and this may lead to a displacement of the walls of the
branching structure—to “erasure” of the branching; but
the walls between the domains will remain, and the
structure will ultimately have the form shown in Fig.

1 but with surface charge and without a depolarizing
field.

The author is grateful to N. A. Tikhomirova for in-
terest in the research and for discussion.
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