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PHYSICAL REVIEW E VOLUME 53, NUMBER 5 MAY 1996

Quasistatic domains in planar nematic liquid crystals around the dielectric inversion point

V. G. Chigrinov! A. Sparavigng* and A. StrigazZi*
1Organic Intermediates & Dyes Institute, Bolshaya Sadovaya 1-4, R-103787, Moscow, Russia
%Dipartimento di Fisica, Politecnico di Torino, Corso Duca degli Abruzzi 24, 1-10129, Torino, Italy
(Received 21 September 1995

A simple viscoelastic approach is proposed to describe the periodic patterns, characterized by static walls
and splay-bend distortion, which appear in samples of nematic liquid crystals having dielectric anisgtropy
dependent on the frequency. The modulated structure, resulting from a steady velocitydieidled with a
steady director fieldh, is achieved when an electric field is applied normally to the plates of a planar unidi-
rectional nematic cell. Such a kind of quasistatic domain is theoretically investigated not only in the frequency
region, where the usual aperiodic Edericksz effect becomes unfavorable(&gstill being positive, but also
where Rée,)<<0, favoring in principle the initial orientation. Both previous situations are considered in the
vicinity of the sign reversal point. The present model describes the dielectric loss near the reversal point in
terms of the appearance of the corresponding effective space charge, which interacts with the effective electric
field, causing a steady electrohydrodynamic motion of very small amplitude inside the nematic liquid crystal
layer. As a result, a quasistatic tilted modulated structure emerges, with wave vector parallel to the initial
planar orientation of the nematic cell.

PACS numbss): 61.30—v

[. INTRODUCTION and was considered as a pure electrohydrodynamic phenom-
enon[4,5]. The electrohydrodynamic model of Goosséfk
The electrically controlled Fexlericksz effect in nematic in fact gave an approximate explanation of the stripes ap-
liguid crystals(NLCs) is known to occur due to the dielectric pearance in a NLC layer in the presence of ions, in the
coupling between the nematic directoand an external field framework of a one-dimensional approach.
E applied to a NLC layer properly aligned, for instance, ina Careful experiments have been perforniéd], showing
configuration without any distortion. In particular, let us con-the appearance of quasistatic stripes in NLC cells obtained
sider a unidirectional planaiP) cell, filled by a NLC with  with mixtures of butyl-methoxyazoxybenzole and butyl-
the real part of the dielectric anisotropy B9, supposed to heptyloxyazoxybenzole, doped with cyanophenyl esters of
be positive at low frequency. The corresponding interactiorbenzoic acids. The quasistatic stripes are characterized by the
energy density is given bye=—g,Re(e,)E26%2 for small  splay-bend distortion only, where a steady director fieid
director tilt anglest (|f|<1) from the initial P orientation, if ~coupled with a steady velocity field providing static stripe
E is normal to the cell platefsl]. Obviouslyfg goes to zero  walls.
for low values of the real dielectric anisotropy g >0 and In this case, we will prove that neither the parallel ionic
disappears when the NLC reaches the dielectric isotropiconductivity oy nor the ionic conductivity anisotropy, in-
point Ree,)=0: for instance, such a condition can be fluences the instability threshold, whereas the threshold itself
reached for several mixtures of NLC compounds, by increasturns out to be strictly dependent on the ratido, , o,
ing the angular frequencw of the applied electric field being the perpendicular conductivity, and on the Leslie’s vis-
E(w). cosity coefficientsy, and as [8]. We will treat these domains
In fact, special interest should be paid indeed for bothas due to a generalized periodic €dericksz transition
fundamental and practical reasons to those NLCs that exhibi®—11] involving also steady hydrodynamics.
a sign reversal of the real dielectric anisotropy(&& with Figure 1 qualitatively shows the behavior of the external
the angular frequencw of the applied fieldE=Eycoswt.  electric potential at the threshold. as a function of the
From an application point of view, it appears particularly angular frequency of the applied electronic fiel& in the
interesting, when the sign inversion poiet=w; of the di- case of a NLC exhibiting:,=¢,(w) and filling a cell with
electric anisotropy is in the kHz region. A periodic domain initial P orientation. Near the inversion frequency, where the
structure was observed earlier in planar NLC céRs3], Freedericksz threshold diverges, there is a critical frequency
close tow=w; , comprising a range where Rg) is given by  w,<w; such that the periodic domains arise and, as a conse-
quence, the diagram shows the contemporary presence of
R e (w<w;)]>0, (1) three possible configurations, involving the unidirectional
planar, aperiodic, and periodic alignments, respectively.
Reea(w=w;)]=0,
R &4(w> w;)]<0 Il. THEORY
The aim of the present paper is to give a simple explana-
tion of the physical origin of the quasistatic domain structure
* Authors to whom correspondence should be addressed. not as a pure dielectric effect, like it happens in ideal insu-
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120 s e Let us consider the external electric fidldwith ampli-
| tude
100 | ] .
Periodic quasistatic E(t) = EOCOSwt — EoRq el wt) (2)
80| domains |

as applied along theaxis. The NLC filling the cell could be
characterized by a Debye length either much greater than or

Aperiodic Fréedericksz
60 L deformation

U, (a.u.) of the same order as the layer thickness. Hence, in the first
w0l | case it can only be considered as a perfect insulator, whereas
in the second one its conductivity cannot be neglected. We
ool Unidirectiohal planar alignment | will consider the more general case, taking into account the
| possible presence of space charges.
N b The nematic directon deviates to the small tilt anglé
070 080 090 100 110 1.0 from the initial P orientation along thex axis, belonging to
/ the plane(x,2: this is the simplest deformation, providing no
0/ @; azimuthal variation. Hence the director field reads
FIG. 1. Critical electric potentidl (in arbitrary unit$ for ape- n~(1,0,6) where |g|<1. 3)
riodic and periodic splay-bend distortion, as a function of the re-
duced angular frequenay/w; , wherew; is the inversion point of The dielectric displacement vectbris given by

the real permittivity anisotropyde=s'—¢, . When w<w;, then
8e>0 and vice versa. The phase diagram shows, for NLC materials
similar to the mixtures used in the experimdi®, the regions
where the initially undistorted alignment, the aperiodic Feder-
icksz deformation, and the periodic quasistatic domains are stablgyhere the complex permittivity anisotropy is=e¢—¢,, g
respectively. Note the presence of the tricritical pdhiand, re-  ande, being the dielectric constants parallel and perpendicu-
markably, the f_act that the periodic_ ste_ad)_/ deformation appears alsgy tg the NLC director, respectively. The parallel permittiv-
for 5e<0, provided that the potential is high enough. ity ¢, varies with the angular frequenay according to the

D
8_=8LEe+8a(Ee'n)nv (4)
0

Debye model:
lating materials, but as a complex dielectric effect, resulting S,
in a steady director reorientation, spatially periodic in the g =¢e —le7,
plane(x,2, involving just a splay-bend distortiaisee Fig. 2,
where thex axis characterizes tHeeasy direction along both e =s. + €0~ &= (5)
substrates and the axis is normal to the substrates them- “ 1+ (0l wp)?’

selves. The director fieldh couples with a steady molecular
velocity field v, allowing the domain walls to be fixed. ,_ (o~ &x)wlwp
Such a periodic pattern is accompanied by a spatial regu- &= 1+(w/wD)7 '

lar induced potential distribution, providing an amplitude

modulated internal contributiok, to the effective electric where gg=¢'(wv=0), &,=&'(w—x), and wy is Debye fre-

field E.=E+E,, which turns out to be nonlocal, but depen- quency. At the same time the normal permittivity is sup-

dent on the already established deformation in the wholgosed to be real and almost constant in this frequency region.

cell. At the angular frequencw=w; of the dielectric sign re-
versal, the uniform Fredericksz transition cannot take place,
since the corresponding contributiép to the nematic free-

z 6,=0 energy density vanishes. In fact, in the case of uniform
= Freedericksz transition, the NLC mixture behaves as it would
for a perfect dielectric material, since only the real part of the
o v n AE dielectric tensor matters: hence just the real part of the di-
0 | % electric anisotropyse=¢'—¢, plays a role. Furthermore, the
free-energy density due to the dielectric coupling reads
B B D-E D,E
v fe=- 5 =% ©
M2

whereE is the external field, since due to the absence of any
modulation, the internal contributiok, may be neglected
[1]. Also D, turns out to be the component of the external
electric displacement

FIG. 2. Periodic splay-bend steady distortion in fkg) plane
for a NLC having parallel complex permittivity; dependent on the
angular frequencw of the applied electric field. The NLC director
n, initially in the unidirectional planafP) configuration along th&
axis, is kept aligned parallel to theaxis at the substrate, due to the D
strong anchoring. The external electric fi€lds applied along the —Z_ Re(e E+¢,E 32) )
axis normal to the cell plates. €0
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and the time averagg@n angular bracket$)) of the electric  where the spatial charge densiy is a priori due to the
free-energy density is written dielectric loss and to the ionic conductivity.
Since the external electric fiel(t) is harmonic according
D.E €0 to Eqg. (2), consequently, neglecting the contribution of the
(fe)=- <T> oT

T
J; Re(e E)E dt higher-order harmonics, the effective spatial charge density
Q is supposed to obey to the harmonic law with a phase shift
with respect to the imposed fielg!

+02FRe(saE)E dt|, 8
0

= Q.(X,z)coswt + Q4(X,z)Sinwt. 13
whereT=2mx/w is the period of the applied field. Note that Q=Q:(x.2) Qu(x.2) 13

0 is time independent, since only quasistatic period patterns ) ] ) )

are investigated: as previously statads a steady field. The The effective spatial charge densyinteracts with the ef-
first term in(8) does not depend on the director orientationfective electric field,, exerting a drag forcQE. per vol-
and could be omitted, i.e., the Fericksz phenomenon is Ume unit in the NLC cell, thus causing an electrohydrody-
affected only by the second term. The latter one, accordin§@mic flow. Keeping only the zeroth-order term in the

to Egs.(2) and(5), is written as Interaction, the drag force can be written-aQE, whereE is
the external field only. Due to the symmetry, the velocity
8092JTR — 06 e 4| E2 field v is given by
~ o7 ), ReleaB)E dit=
v=(v,,0,v,). (14)

T
xJ coq wt+ a)coswt dt,
0 Let us stress once more that all the small parameters
(9) &=(0,4,Q.,Qs,vy,v,) do not depend on thg coordinate,
since the present model is concerned only with domain walls
where a=arge,)=—arctaf"/(¢' —¢,)]. At the point of di- oriented along such a direction. For this reason, in &d)
electric isotropy, we obtaire’=¢, and |o|=m/2, which v,=0 too. In fact, the experiment shows that a linearly po-
means that the second term is zero, i.e., the uniform aperlarized light beam along thg direction gives a modulated
odic Freedericksz effect cannot take plag®e Fig. L pattern, whereas a light beam polarized alongytidéection
Let us suppose now that the Edericksz transition takes does not give any diffraction picture.
place in the form of a modulated structure. Hence, as we We suppose that théx,2 dependence of the above-
mentioned above, the effective electric fidld is the super- mentioned unknown parameters could be written as
position of the applied electric fiel&(t) and of the small &=&expliq,x+iq,z) [12], where the subs&y=[6,4,v,,v,]
internal fieldE,(x,z,t). Such a nonlocal contribution cannot generally can be time dependeqy,, g, being the wave vec-
be neglected, as in the usual situations. In fact, when theors of the domains along theandz directions, respectively.
periodic stripes exist, also the internal field must present dhe linear electrohydrodynamic model describing the prob-
spatially modulated structuré,(x,z,t) = —V(x,2) E(t), lem includes, together with Gauss’s laid2), also (i) the
which influences the periodic pattern in its turn, as a feedMaxwell equation connected with the effective current den-
back effect. Note that the characteristic lengilx,2 can be sity
defined as the reduced potential of the internal electric field,
taking into account locally the effect of the nonlocal distor-

tion in the whole cell. In this case the effective electric field d—Q +divj=0, (15
becomes dependent on both coordindte® too and reads dt
Ee:< _ ﬂp’o,l_ a_:p) E (10  Wherej =0oE, ando={oy}={0, & +oanin} is the complex
IX Jz conductivity tensorfii) the Navier-Stokes equations, i.e., the

) _ _ Newton law connecting the particle acceleration components
SinceE, is small as compared with, then alsqVy mustbe gy /dt in the anisotropic liquid with the internal pressiRe

small, such as the electrical drag forceQE;, and the viscous stresses
oyl |ow I%j10x;
[ — ‘E ]<1. (12)
dUi JP (92”‘
. . . P gt~ o TQET (16)
The variations of the electric-field-reduced potentjgk,2) t X 24

are coupled with those of the director tilt angheby the
Maxwell equation diyD/eg)=div[e, E.+e,(Es-n)n]=Q/ ey,
providing the local Gauss law in the mesogenic material, i
the form

where p is the mass density antl; is the Leslie-Ericksen
Wiscosity tensor[8], expanded according to Rivlin's rule
[13-15 in terms of the directon, of the emisymmetric ve-
2 P 20 0 locity gradientAij , and of Fhe .director _sqbstantial deri.vr’:\tive
+ ==, (120 N, where the linear combination coefficients &t¢ Leslie’s

g E +¢, E —g,E —+—=
max® T 92 TR ax e viscositiese; (i=1,...,6),
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3 = M AmNa N+ aon N+ azn; N+ a,A; (20), the complex nature of the permittivity and of the elec-
tric field has been taken into account, according to the rela-
+asninAg;+ agAikNin;, tions [see Eq.(2)]
1 ( A avk) gE=Rd (e’ —ie")Eg(cosr+i sinT)]
A=z —+—/, a7
o2 axe  ox =Eq(e’ cosr+e"sinT),

dn 1 E=R{ (de—i&")Eq(cosr+i sin
N= g+ 5[nxcuriv]; £aE=R4(5e=1e")El i

dt =Eqy(de cosr+e&"sint), (22
(i) the continuity equation for incompressible liquids e =S —ig"
a .
divw=0, (18 Similar relations were also considered for the relevant NLC

conductivities, i.e., for the complex parallel conductivity
oy=0’ —i¢" and the perpendicular conductivity , as taken
with respect to the NLC director. Note thaf turns out to be
real. Let us suppose that the systé2f)) has steady solutions
go, ¢0, andvo, |e,

whereh=—(éf/dn) is the functional derivatives of the NLC dfo dyy dug
free-energy density, y; and y, are defined asy=a;—a, ar dr dr -
andy ,=az+a,, andA={A;;}.

The final set of the linear electrohydrodynamic equationsrg evaluate the threshold of the domain structure around the
in the parameterfy=(36/aX)o, 40,Q4,Q2,v0=v,0]May be  inversion pointw=cw;, where Rés,)=8e=0, it is enough to
derived from Eqs(12), (15), (16), and(19) as[12,15 compare the coefficients of the same order inrcarsd sinr
in the first two equations in the syste(®0).

Concerning the second two equations, it is possible either
to average them over one period in time or to neglect the
second harmonic contribution. The actual existence of the
higher-order terms in c¢2r) and sirf27) introduces only
corrections of the order of

+o-"Q>2<5inT]E0¢0+(5a"Cosr+ U”sinT)goEOZO, K_Z —>

(20) <1,
Y10 pw

which describey, as dependent on,; and (iv)the torque-
equation for NLC director rotation under the applied field

n><h=F=n><{71N+'y2Kn}, (19)

(23

[(e'q2+e, q2)cosr+&"q2sinT]Eqthg

+(8e cosr+&"sinT) {oEq=(Qcosr+ QJsinr)/ e,

(— Q% sinr+Q%wcosr) +[ (o' g2+ o, q2)cosr

<1, (24)
PG+ G+ (a4 20+ 700 —
xdr P 12z T 2H27T0 whereK,« are averaged values of elastic constants and vis-
dz cosities, respectivelysee Ref[12], p. 335. Such terms can
+(a3q§—a2q§)—o be neglected in the present case, which comprises suffi-
d ciently large frequencies, around the sign inversion point.
For the sake of simplicity, let us assume the hypothesis of
one elastic constant and let us consider the weighted average
of the viscosity

—02Eo(Q%cog 7+ Qcosr sinr) =0,

ddo
Y10 E+50[K33Q§+K11Q§_SOE5(58 cost K= K=K,

. . — (25
+&"sinT cosr)] — aZeoE5yo( Secos T+ &”sinr cosr) M0+ 7120505+ 7205~ (a5 +a2)?.
+(a3q§—a2q§)vozo, Then the systeni20) reads, setting=oc'/0, :

. , : Qe

wherer=wt is the reduced timey,,7,,,7, are the combina- v __ ONcBo
tions of Leslie’s viscositie$1,8] * 2n(ai+a)?’
m=3(ast+as—ay), £00

SE(Z)
LoK(aG+a2) - T(t//oq§+§o)+(a3q§—azqi)vo=0,
M=oyt agt3(astagtaz—ay),
) Ueo=(ake’ +&, 02)Eqiho+ SeEolo,
72=3(azt ayt as), (21) (26)

QYeo=e"Eo( Uzt Lo),
andK;4,K35 are splay and bend elastic moduli. We stress the
fact that the componemt, does not appear in the systéa0) QI+, (SE+02) hoEo=0,
because it is related to, by the continuity equation for 0 5
incompressible fluid18). Moreover, when writing system wQ¢=0"Eg(ayho+t {o) + 60E L.
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the five parameter§, and the imaginary part of the conduc- o'=¢&"gow 27)
tivity o”, which by definition gives an increase of the free

energy embedded in the dielectric material. In particular, the
last four equations of the systei®6) enable us to expresg

in terms of the dielectric loss”:

It is worth noting that the systefi26) allows us to determine ( de 8Lsow)

Limiting ourselves to the hypothesis of conductivity isotropy
60=0 and considering Eq27’), the first five equations of
the system(26) are linearly independent of the five param-

"_ ” _ r ~2 2
0" =z0e" w{d7lo— ol (e Gt &, 0z) Yot Selol etersé&y=(£o,1 0,.Q2,Q2,v,). The condition of nontriviality

x[crl(scﬁJrqi)zpo]‘l, (27) of these parameters provides the dispersion relation between
the applied field amplitud&, and the instability wave vec-
which, for 60=0, is simply written torsqy,q,,

2K (g2 +1)3((2+1))g°+1)

E2= - : — 2 28
#oF0 = PP+ 1) (aa— a7+ Do, —&']— se P+ 1)° 28
where
L, BoE’w 29
g,

and the in-plane wave vector, reduced with respect to the out-of-plane wave vederqigq,, as defined. In the general
case, wherdo#0, the potential = E/q, is obtained as

Ua(a) _ 2m%(Kag/Kyu0®+ (g + miat®+ 7o) [(£+5)q°+ 1]
Kii (P + {97 [(2+9)e, —&'](az— ax0°) — Se(m10*+ 710°+ 72)}

(30

€0

Let us stress the fact that the behavior of the potehtit))  which turns out to be real and finite only fée>0, as ex-
is deeply affected by the value of the angular frequeacy pected. Instead, in the hypothegis=0 from Eg.(28), as-
actually, not only7(w) as defined if29), but alsoe’ =¢'(w) suminga/(we"gp)<1, the fieldE, is given by
and ds= d=(w), according to .
, 2K7g3(g°+1)?
Se=gn—p, + 0 31 = (aa— ax0?)s 50" @9
ETERTEL 1+ (wlwp)?’ (31)

Thus, supposinga,|>|as|, Y1~ —a,, the threshold field for
see the second equation of the systéin Assuming the the generalized periodic Federicksz transition is obtained
reversal point to be close to the Debye frequengs wp , by minimizing, as
the condition

8K 702
Se(w=)=— Se(w=0) 32) g2 1 36)
Y1€1 €0
has to be satisfied, providing.., de(w) from the data he critical reduced bei
el=¢'(0=0), and &, =const. The minimum of the field "€ critical reduced wave vector being
Ey(q), or of the potentiaU,(q), provides the threshold con-
dition Gc=1. (37)
— i Moreover, as is known from theory, in the case of strong
En=minE , 33 ’ S .
t 4=0 o(d) 33 anchoring the boundary conditions provide the out-of-plane
wave vector as
Up=minUo(q). (33)
gq=0 T

q.= ai
In particular, close to the inversion point, but wher=w; ,
where it always isds=0, the usual aperiodic Feelericksz  which actually corresponds to the smallest possible director
threshold is recovered as deformation across a NLC layer with thicknedsThus we
o conclude that in the inversion point the dom:;}ir!sf arise as
U :W( Ku ) (34) elongated in the direction perpendicular to the initial planar
a £o0€ orientation at the threshold voltage:
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FIG. 5. Best fit(continuous ling of the experimental data for the
mation as a function of the reduced angular frequeaty; . Ex- three NLC mixtures of Fig. 3, close to the dielectric sign reversal
perimental data for three different NLC mixtures wifhy=4.7 (x ~ POInt w;. The best choice of the leading parametass as, and
data, 8e,=0.35 (O data, and Js,=0.05 (A data, where 2weg/(0,) is —0.02 kg/m's, 0.20 kg/m s, and 10, respectively. The

Seq=0e(w=0) practically is the real dielectric anisotropy at very dotted line corresponds towy/(s,)=5 and the dashed one to
low frequency. 2weg/(0)=20, with the same values as previously estimatedyfor

and as.

FIG. 3. Critical electric potentiall . for periodic steady defor-

K7z
2,18, 89

1/2

(39) IIl. DISCUSSION AND CONCLUSION

U,=E,d= 477[
To discuss the agreement between the critical voltage for
the generalized periodic Federicksz transition predicted by
with a critical wavelength given by our model and the one obtained by the experimental obser-
vations[6], it is first necessary to give an estimate of the
viscosity and conductivity parameters that are included in the
_ 27 —2d. (40) present theory; see EB0). First of all, the inversion angu-
dcd; lar frequency is supposed to be high enough to be compa-
rable with the Debye frequency, so thaEwy : the experi-
mental observations confirm this statement. Another
arameter appearing in the theory is the real part of the ratio
etween the parallel and the perpendicular conductivity
o'la, . As shown by the experiments, this parameter is un-
essential when moving in the range 1-3: this is also verified
by the numerical analysis of the critical potential, as pre-
dicted by the present theory; see E80). We assume, for
the sake of simplicity, that'/o; =2.17, as for one of the
mesogenic mixtures used in the experiments.
25 Concerning the viscosity parametess=5x10"2kg/m s,

C

We stress the fact that in both E¢86) and(39) the thresh-
old value for the periodic texture depends neither on the sig
of & nor on its absolute value: the periodic distortion can
arise also forée<0. The experimental observations for sev-
eral NLC mixtureqd 6], reported in Figs. 3 and 4, show good
agreement with the predictions given by Hg40) for the
critical wavelength, at the threshold.

o az=—1x10"°% kg/ms, anda,=50x10"% kg/ms are as-
20 | | sumed as standard values. The elastic constaptandK s,
x | are considered to be equal, i.K;;~Kz3~1Xx10 1 N. The
15 ] | viscous coefficientsy, and ag turn out to be much more
6 o | critical than the others for achieving the minimum of the
A (107 m) x® " - . . - )
c 10 unction U(q) providing the critical potential, as demon
‘#0 « strated by the numerical simulation: such a parameters have
: o x to be estimated by comparing the theoretical thresigid
051 : o x following Eq. (30) with the experimental values, minimizing
! the mean square deviation.
00— The experimental values for several NLC mixtures having
08 09 10 11 12 13 14 different dielectric real anisotropfe=Re(e,) are reported in
oo, Figs. 3 and 4. The best choice turns out tasges —20x 103

kg/m s, whereasy; depends on the value @& and ranges
FIG. 4. Critical wavelength\, of the splay-bend periodic dis- from 0.1 and 0.3 kg/m s. We stress the fact that these values
tortion, as a function of the reduced angular frequemty; . Ex-  Of the viscosity parameters are consistent with the data avail-
perimental data for two different NLC mixtures witsy=4.7 (X able in the literatur¢16—20.
datg and 8e7=0.35 (O data. The preceding comment is devoted to the parameter
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which is assumed to be equal te6, as measured for the sal frequency arises mainly due to the dielectric loss and not
NLC compounds used in the experiments. As seen from thenly in the frequency region, where the usual aperiodic
experimental datdsee Fig. 3 around the dielectric inver- Freedericksz transition ceases to exigi>0), but also
sion point, for small absolute values of the real dielectricwhere the initialP orientation in principle should be stabi-
anisotropy, the threshold is strongly dependent on the fretized (s¢<0). Both the free ions and the apparent space
quency: from the numerical simulation such an importanicharge created by the dielectric loss interact essentially with
dependence is demonstrated to appear only if the terfhe external field providing a drag force, which causes a
2weglo, is comparable with the ratiar'/o, , that is, if  gteady electrohydrodynamic motion in the plane perpendicu-
1<2weqfo, <20. ) ) lar to the domain direction. The NLC director distribution
As can .be seen frqm_ Fig. 5, the best choice turns out Qg maing steady and the effective space charge is steady as
'?hee, ag;g;d'g? t(l)of/cedr?el?elzrczltl:i::n ?nl;‘;;frg;;goiggggwgég well, oscillating with the same frequency of the applied field
- RN and with a convenient phase shift. The observed texture can
2wsg/o, ~10, for 56,=0.35 and 4.7, wher@eg=de(w=0); "0y quasistatic since the stripe borders actually are
see Eq(31). This result is in agreement with the experimen- . i - . y ar
static, also in the presence of a regular bidimensional distri-

tal observations of the parametap, 2 . . o T
Based on these factg, we comtla (t)gf#he conclusion that thl%utlon of the steady velocity field. The quasistatic model

quasistatic modulated structure near the dielectric sign reveProP0osed here describes well the experimental data.
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