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Electroconvection in nematic liquid crystals with positive dielectric and negative
conductivity anisotropy
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Electroconvection in an unusual nematic compound with strongly positive dielectric anisotropy and negative
anisotropy of the conductivity is investigated. For homeotropic alignment, where one has a direct transition to
rolls or squares depending on the frequency of the applied voltage, we present a quantitative theory. From the
comparison we infer values for some viscosities, which are rather unusual, but not unreasonable in view of the
vicinity of the nematic-smectic transition. For planar alignment, electroconvection sets in above a splay Freed-
ericksz transition with “parallel rolls,” which is also captured by the theory.
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I INTRODUCTION planarly aligned cells @ anchored parallel to the bounding
plates leading to an axial anisotropy in the plane of the
Nematic liquid crystals, the simplest type of intrinsically |ayep, convection sets in directly from the homogeneous
anisotropic fluids, continue to provide model systems for astate at the threshold,(w). Slightly above onset, ordered
wide variety of interesting nonlinear dynamical phenomengo|| patterns associated with a periodic director distortion
like optical instabilities[1], flow-induced nonlinear waves characterized by the critical wave vectgi(w) are found.
[2], critical properties of nonequilibrium transitiof8], and  The phenomenon can be described quantitatively by refined
in particular electrically or thermally driven convection in- versions of the original Helfrich-Orsay theoifstandard
stabilities [3,4] (see also Ref[5], and references thergin  model”) [4,7].
Whereas convection in nematics has so far contributed sub- When decreasing, (at e,<0), U, and|q.| increase and
stantially to our general understanding of anisotropic patterndiverge ato,/|el|=|a,|/7,—1(>0), whereo,=0,/0,,
forming systems, we present here in particular a direct trang’ = ¢, /e, and 7,=(—a,+ ays+ as)/2. The material con-
sition to isotropic convection which opens up scenarios stantsa, . . . ,ag are the Leslie viscosity coefficienfs,d].
unaccessible in simple fluids. _ Whene, is increased and becomes positive, while the other
In nematics, the mean orientation of the rodlike moleculesyaterial parameters are kept fixed, the EC threshold is even-
is described by the directar. The anisotropy is reflected in tually preceded by the spatially homogeneous splay Freeder-
the material parameters such as the conductivity teagor icksz transition, i.e., an equilibrium transition, which in-
=0, 8jj+oann;, where o,=0 -0, (and similarly the volves a distortion of the director field. The nonlinear aspects
permittivity €;;). Hereo ando, are the conductivities par- of the competition between EC and the Freedericksz transi-

allel and perpendicular to, respectively. Electroconvection tion have been of recent intergdi0].
(EC) driven by an ac voltage/2U cost) (effective ampli- In contrast, for conventlopal materialer (>0, €,<0)
tude U, frequencyw=27f) is commonly observed in nem- with homeotropicalignment f anchored perpendicular to
atics of positive conductived,>0) and negative dielectric the bounding plates leading to an isotropic configurafion
anisotropy €,<0). Widely used and extensively studied ex- one can have a direct transition to EC only whenis near
amples from this class of materials are MBBP2, and  zero andw;<<0 [4,11,13. ThenU, is large andy, is of order
Merck phases 4 and B5)], where experiments and theory (a,/as)¥’d~*>1 (d is the sample thicknes3\Ve are aware
match very well. In this paper we focus on EC for a newof only one brief remark about an experimental observation
nematic with the combination of,<0 ande,>0, which  [11]. For manifestly negative,, there is first a bend Freed-
has not been studied up to ndwe are aware of one mea- ericksz transition, which spontaneously breaks the isotropy,
surement carried out on a mixture, but the results are mostlfollowed by a transition to convection, driven by a mecha-
unpublished 6]). nism very similar to that in planar cellg},12]. The rolls,
To appreciate a number of interesting features which willhowever, are disordered, which has recently led to extensive
be described below, we first summarize some results of thstudies[13].
conventional caser,>0 and, to start withe,<0. In this We now turn to the new case,<0 ande,>0. Forho-
paper we restrict ourselves to the “conduction regime,” i.e.,meotropicalignment, the possibility of a direct transition to
w below the familiar cutoff frequency. In the well-studied EC has been hinted at in the early literat{®¢ For planar
alignment, a transition to EC can occur only after a splay
Freedericksz transition, where a homeotropic layer develops
*On leave from Institute of Physics, Cracow University of Tech-in the bulk of the cell.(For completeness, we mention that
nology, 30-084 Cracow, Poland. for negativeo, ande,, one does not expect a linear thresh-
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old. There is, however, experimental evidence for EC via
nonlinear effect$14].)

From the quantitative comparison between experiment
and the linear and weakly nonlinear analysis we deduce
some of the unknown material parameters. In particular, we
find thate, is positive and large ands is positive and larger
than usual. Since conventional nematics have negative
and very smallvs (usually negative, i.e., flow aligning)),
this appears surprising. However, as noted theoretically
[15], as well as experimentally using the material
4-n-octyl-4'-cyanobipheny[16], and also in recent molecu-
lar dynamics simulation§l7], a; and a5 are expected to
become positive and, in fact, to diverge near a second-order
phase transition to a smectic phase. To our knowledge the
present results represent the second experimental clue for
this behavior(after the direct viscosity measurements of Ref.

[16]).

FIG. 1. Snapshots of sections of EC patterns near onset
Il. EXPERIMENT =(U2-U?/U?=0.038 for homeotropic alignment. ZZ rolls at

: : : 74=0.1 (corresponds to a physical size of 36Mx 110 um) (a);
Our experiments were done in the nematic phase of éc)>||5+squares ator,=0.46 (size 200,mx65 xm) (b); and soft

“swallow-tailed” compound, p-(nitrobenzyloxy-biphenyl _ .
[18], which shows a phase sequence: isotropic-Squalres 8ly74=0.65 (Size 120um>38 pm) (0).

110 °C-nematic-94 °C-smectie-75 °C-smectid--(66.5 °C
-smecticX)-69 °C-crystalline. The structure of the monotro-
pic (showing up only on coolingsmecticX phase below the

smegtick has not beep identif[ed. The e.x_tended sme@tic-_ difference in brightness and contrast in the different domains
(Sc) ph_ase together with the (_j|rect transition tq the nemat!%f Fig. 1(a) has a purely optical basis depending on the local
phasg IS presu.mably responsible f_or the negative Conduc.t'\gngle between the director and the polarizer. Although the
ity anisotropy in the whole nematic range. Some materialy;” i stapility is characteristic for isotropic systems, this

parameters such as the dielectric susceptibilitg®0de, ), gyrycture can rarely be observed under quasistationary con-
conductivities ¢ and o), and the elastic constanK(y)  gjtions (see below [19]. Occasionally, rolls at different
have been measured as a function of temperature. i angles were separated by an overlap region. Increasing the
EC measurements have been carried out at 96 °C. Thg,jiaqe the pattern breaks up into patches, but still does not
temperature was controlled in an Instec hotstage with an agsyphinit the point defects typical for anisotropic convection.
curacy of 0.05°C. Samples with planar and homeotropicrpg yatio of areas with overlapping rolls and of parallel
alignment using commercial “EHC-Japan” cells have beengyines increases with the frequency. No pure stripe regions
prepared with the nematic layer of thicknebs 11+1 um o1 pe observed above a critical frequeney, with w* 7
sandwiched between SpCroated float glass plates<-fy =0.56. Instead, we find square pattefifég. 1(c)], whic?w
plang used as electrodes to apply the electric voltage acrosgyain near threshold some features of the ZZ character of the
the sample(in the z direction. The patterns have been ob- gines je., the lines making up the squares are undulated.

served in a polarizing microscope and recorded by a chargguye call this structure soft square pattern.
coupled device camera connected to a frame grabber card.

Images have been digitized with a spatial resolution of
512%x 512 pixels and 256 grayscales.

the zigzag(ZZ) instability. The in-plane directofprojection
of the director onto the-y plane has been found experi-
mentally to be perpendicular to tilecal) roll direction. The

A. Threshold behavior

Before presenting quantitative results, we discuss the
qualitative features of the basi€arr-Helfrich destabiliza-
tion mechanism. Starting from @mal) director distortion

For homeotropic alignmentEC sets in directly from the n, =n,, sin@@Xcos(rz/d) aboutn=2z, a space charge is gen-
undistorted state via a supercritical bifurcation in the wholeerated by the charge focusing mechanism. The density of
conductive range up to its upper end at the cutoff frequencgpace chargesy,) is obtained from the Poisson and charge
Weyt- We foundwcut7q=0.7, with the charge relaxation time conservation equations,
7= €0€, /o, . For low frequencies, we observe a pattern of
disordered rollg(stripes at threshold. For high frequencies V(e €B)=pei, V- (0-EtpeV)=—dper, (1)
the rolls are replaced by squares. In the intermediate-
frequency range, patches of rolls and Squam S, a mix- wherev denotes the VeIOCity field. LineariZing around the
ture of the two patternsappearsee Figs. (a—9]. homeotropic orientation and writing=E,( Zcos(t)— Ve,

In the stripe patterns, one observes domain-wall-like lineone easily obtains for the in-phase component of the charge
along which the roll orientation abruptly changes, typical fordensity[the component-sin(wt) is not needefl

IIl. HOMEOTROPIC ALIGNMENT
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. -1 @ ) per=Q(0", ®")aNyg sin(qx)cod m2/d) €5, cogwt),
. ; 00" = — (01— ey TAILH D)
AN AR ) RS CTIEET S
’/Eé?\\ (/}‘,é?l\\ e(q')=1+€,+q'? o(q)=1+0,+q’? 2
/elieN N \er| e/ - | o
N N with q'=qd/7, o'=wr7y. For our material with the Hel-
T ST / frich parameterg, — €,<0, i.e.Q>0, the space charge den-

sity pe from Eq. (2) is related to the director distortion as
. ' . N indicated in Fig. 2a) at a time where the electric field points
. NS -| . .~ upward. The flow generated by the Coulomb force

(pelEo ZCOSt)) (the symbok(-) denotes the time average
is illustrated in Fig. 2a). The velocity fieldv exerts on the
| T | I | | T director a torquze[‘y=F2+F3, wherel's=—a,d,vy, I'3=
RSl - — agzdy,~ as3q'“(w/d)v, (the last estimate follows from
E ) el ,!' / ‘l‘ sl E the incompressibility condition Clearly, I', reinforces the
A I I~ 1 A director distortion in most of the regiofmote thata,<0),
which provides the positive feedback for the director distor-
tion, and thus the destabilization of the homeotropic director
orientation. Stabilizing mechanisms are provided by the di-
electric torque on the director and the viscous damping of the
flow. We note that in the usual nematics with— e,>0, the
hydrodynamic torqué’y would have to be reverted in order
to have a direct transition to EC. This requires<0 and
. q'%~|aylag|>1.
In Figs. 3a,b), the experimental results for the threshold
voltage U, and the critical wave vectog, are shown as
0 3 functions of wry. Also included are results from the linear
stability analysis of the standard nematohydrodynamic de-
scription [9] evaluated by a numerical Galerkin procedure.
We have measured and used for the calculations the mat-
FIG. 2. Section of a convection roll pattern with the central roll €11al parameterse, =7.5, €,=3.9, o,/0,=-0.65, Ky,
covering the area- /(2q)<0</(2q), —df2<z<d/2 for ho- = 9.5X 107 12N. The rest were chosen in order to get a good
meotropic alignment: velocity fieléshort dashedand director field ~ fit for U¢(w), gc(w), which led to the raticK33/Ky,=2.5
n=(n,,n,). (@ as/|a,|=0.15, (b) negligible torque contribution ~between bend and splay elastic constants, and/|a,|
I's (Jaz/a,|~0.01). Also indicated are the space charge distribu-= 3.5, a3/|a,|=0.15, n,/|a,|=1.06, and»,/|a,|=0.21
tions at a time where the electric field points upwéstherwise the  for the viscosity constan{0]. The largexa; and positivea
signs are reversgd were necessary to obtain the correct low-frequency threshold
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FIG. 3. Comparison between experimentsblid squaresand theoretical threshold voltage) and the corresponding critical wave
number(b) vs dimensionless frequency. Solid line represents rigorous Galerkin expansion; dot-dashed line represents two-moflef formula
Eqg. (3)], and the dashed represents one-mode forfiMiég’)=0 in Eqg.(3)].
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and the quite strong increag® comparison to the conven- d72
tional o,>0 case of g. vs w. The effective viscosities;
=(—aytast+as)l2, ny,=(az+as+ag)l2, and nz= a,/2
correspond to flow geometries with parallel to the flow z
gradient, the flow velocity, and the vorticity, respectivedy; (
comes in only whem is aligned obliquely[9]). 0
In the assessment of the parameters, we were guided by
an analytic approximation for the neutral cutdg(q) [with
the minimumU_.=U(q.)] obtained from a Galerkin expan-
sion with twoz modes for the charge density and the director
(e.g., ny,~[cos(@zd),cos(3rz/d)]) and one time-Fourier )
mode.
5 /2 FIG. 4. Sketch of vertical cuts through the center of a convec-
2:K337T 29 3) tion roll (x=0) for homeotropic alignmentarbitrary unit$. Left
€0€. S +S,+ ‘/(51—32)2-4- M’ panel represents in-plane directoy in Figs. 2a) (solid) and Zb)
(dashed Right panel represents torque contributidhisandT 5.
' - asq'? '
51=m{ 1hQ(q )T— € (Q )], aries, and no sign change is not adapted well to the tafgue
19 4 (see Fig. 4, curvé). Thus, ifI', dominates, the one-mode
o 00’29 approximation is not satisfactory and the resulting thresholds
Sy=————— |;]Q(qr/3)A_egff(qr/3) , are overestimated considerably. This would be the case for
1+k.q'2/9 7r(q") the usual materials wheres/|a,| is very small. Including

the second modgFig. 2(b) and curvell in Fig. 4] resolves
Al (a— a3q'?) (a— a3q"%19)Q(q")Q(q’/3) this problem and leads to an excellent approximatiorgfar
M= > o 2., Uc. In our casexsq’?/|ay| is, in fact, appreciable, anf,
(1+kiq") (1 +keQ"/9) 7(q") reinforcesl ,(z) in the central region. Then already the one-
mode approximation captures the dominant effects. This is

eff, 7
€ (') also the case in conventional planar EC with>0, where
N1+ o)+ o' 2e(a)(1+ e N1+ a2 the roles ofa, and — a5 are interchanged.
= 2Eé[0(q )(1+oa) az) E(qz A 2€a)]( g ), Interestingly, the homeotropic one-model €0) thresh-
a(q')+w'eq") old formula(3) goes over into the planar one-mode formula
, L, A relevant foro,>0, €,<0 [4] if one interchanges the sub-
7(Q")=mot (1t mata)h@" "+ mNq" 7 scripts |—L and the material parameterk;;—Kass,

) N1 12, ax<> —ag3. These correspondences occur naturally
where k;=Ky,/Kgs, and 1,=0.97267,1,=0.026056,11  \yhen switching the boundary conditions between homeotro-
=1.24652,\,=1.50562 are projection integrals. The re- pic and planar.
sults of the two-mode formula are included in Fig¢a,B) Actually, in the homeotropic geometry, the effective vis-
(dash-dottefi as well as the one-mode approximation ob-cosity is relatively large, which explains why the threshold is
tained from Eq(3) by settingM(q') =0 (dashed| resulting  higher than in the planar geometigee below The strong
in Ug“sl_l- damping effect of the dielectric torque resulting from the

The one-mode formula, which captures already the crucialarge value ofe, is also responsible for the relatively low
mechanisms, has been given beffBel 2] without reference  cytoff weytTq=0.7.

to its applicability foro,<0. In the expressions fd8,(q’)
[and S,(q')], one recognizes the mechanisms discussed _
above: the driving mechanism proportional @(q’)(a» B. Nonlinear range

—a3q'?) and stabilizing effects included in the effective  penetrating into the nonlinear regirfiacreasing the volt-
shear viscosityp,(q') and the dielectric torque-€5'(q’)  age above thresholdwe observe at low frequencies a
(the complexity of this expression arises from the field dis-gradual decrease of the size of the patches and acceleration
tortion —V ¢). of the dynamics, and thereby a continuous transition into the
The torque contribution¥', andI'; along a vertical cut chaotic state. At high frequenci¢abovew*), on the other
through the roll centerx=0 in Fig. 2 are shown in Fig. 4 hand, the soft square pattern undergoes a broad transition
for our case with a comparatively large and not too small  ending in a crystal-like, rigid, almost perfect, quadratic lat-
value for as/|a,|=0.15. They are both symmetric mT',  tice which we call hard-square pattern with sharp boundaries
has extrema of opposite sign at the center Q) and at the between differently oriented domainsee Fig. % Hard-
boundaries £= =d/2). I'; has its maximum at the center square domains coarsen with time and do not qualitatively
and is zero at the boundaries. A director configuration aghange with the voltage up to a critical value where they
described by the one-mode approximatiofin,(z) undergo a discontinuous transition to chaos. The hard-square
~cos(mz/d)], i.e., maximal at the center, zero at the bound-pattern occurs also below* down tow7,=0.34 where the
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FIG. 6. Stability diagram from a weakly nonlinear calculation
slightly below the transition poinbs} ., to squares. Above the neu-
tral curve (N, thin solid line, the Eckhaugdashedl and ZZ insta-
bility (Zz, thick solid are shown. Outside the elongated bubble in
the center rolls are cross roll unstable. The regigr ¢.,€)~0 is
enlarged in the inset.

FIG. 5. Snapshot of a section of hard square patterns gt
=0.53 ande=0.81. (size 330umx330um). The inset shows a two
times enlargemented section of size AHX55 um.

transition line merges with the onset of chaos. A more de- Squares at the onset are also observed in Rayleigia@e
tailed study of the square patter(soft and harglis under  convection in the presence of boundary plates with finite heat
way. conductivity, consistent with the theor{see, e.g., Refs.
We have also performed a numerical stability analysis 0f21,22). Recently, also square patterns with a subsequent
the roll solutions in the weakly nonlinear regirteee Fig. 6. (secondary transition to rolls have been found in"Bard-
With the above parameters, we find that the transition to r0”5Marangoni convectiofi23], although this is not supported by
is replaced by a transition to squares ab@ke,7q=0.6,  theory[24]. One actually has expected subcritical hexagons
which correlates well with the experimentally observedat threshold, which is excluded in our case for symmetry
crossover to squares at* 7,=0.56. The instability arises reasons. Our system is unique in the sense that the transition
when the Landau coefficiems describing saturation of the from rolls to squares at threshold can be easily induced by
roll amplitude at cubic order becomes larger than the coeffivarying the frequency as secondary control parameter.
cientg,, describing the interaction between the two roll sys-  Moreover, we find that in the roll regime the long-
tems with orthogonal wave vectors. Both coefficients growwavelength ZZ instability{25] destabilizes rolls already at
with increasing frequency due to the growing effect of vis-onset, since the ZZ line, which emerges from the point
cosity. However, the increase is stronger fprbecause for U, q, (this is generic for isotropic systenj6]) is tilted
the two-dimensional velocity field the adverse viscosity ef-with a strong slope to the righisee Fig. . This, together
fects are particularly large. In Fig. 6 we show a stability with the fact that the ZZ instability is generally of supercriti-
diagram in thee,q plane for a frequency slightly below cal nature[27], explains the experimentally found ZZ pat-
w}heo- NOte the narrow cross roll stable range which shrinksterns[see Fig. 1a)]. Such effects would be difficult to ob-
to zero aboveo{e,7q - serve in the Rayleigh-Beurd convection in simple fluids,

2| @ 1 b

Freedericksz state

0 011 0‘_2 013 0_‘4 0:5 0.6 0 011 012 0:3 04 015 0.6
o1 T,
q
FIG. 7. Planar alignment, showing the comparison of experirtfiled squaresand linear theorysolid line) for the onset of convection.
Dotted lines show theoretical curves for homeotropic alignment. Threshold voltage vs fredaeangd wave number vs frequendy).
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FIG. 8. Planar alignment, showing a representative snapshot af-
ter a jump toe=0.2, and showing fronts that move (size 260

umx200 um).

where the ZZ line tilts to the leftexcept in the large Prandtl
number case, where it is essentially verti¢ab]). Both
slopes result mainly from mean-flow effects, which have op-
posite signs for the two systemi8]. In isotropic systems,
the advection termy(- V) v is responsible for the mean flow,
whereas in nematics the anisotropic viscous terms give the
main contribution 28].

Studies on coupled amplitude equations show that squares
suffer the same types of long-wave instabilities as rolls. In
particular, one expects the ZZ instability to persist in the
square regim@27], and this appears to be the reason for the

undulations of the soft squares near threshse Fig. 1L A

detailed discussion of the weakly nonlinear properties will bghent atw7,=0.32 and two different; (a) €=0.30, (b) e=1.04
given elsewhere. (size of both pictures: 26@mx200 um).

FIG. 9. Snapshot of ZZ modulated parallel rolls in planar align-

higher thanUg,, the Fredericksz distortion is strongng
IV. PLANAR ALIGNMENT ~1 in the midplangwhen EC sets in and there are strongly
R distorted boundary layers. To resolve the boundary layers in
For planar alignmenin=Xx, one first has a splay Feder-  the numerical Galerkin analysis, at least Biodes(Tcheby-
icksz transition at a critical voltaggdg;=1.6 V where the shev polynomials are required. Keeping two time-Fourier
director starts turning into thedirection. Experimentally, we modes results in a good quantitative fit to the experimental
find that EC sets in on the homogeneously distorted state atgoints (especially for the low-frequency rangevhich pro-
voltage which, for low frequency, is about 40% of the thresh-vides an additional argument for the correctness of the pa-
old in the homeotropic case. For increasing frequency, theameters taken from the homeotropic case.&e§<0.4, the
ratio moves towards 1. Well-aligned rolls appear at theanalysis confirms the parallel rollsoll axis in thex direc-
thresholdsee Fig. 1(a)] in the whole frequency range, like tion), whereas foro7,>0.4, normal rolls have a slightly
that in ordinary anisotropic EC, however, with orientationlower threshold. This slight discrepancy with the experi-
parallel to the director alignment, contrary tmrmal rollsin ments could not be resolved by using mammodes.
ordinary EC. The wave number is at low frequency, about We have not followed up this discrepancy because at this
50% smaller than in the homeotropic case. It scales withime the nature of the bifurcation is unclear. In the experi-
d~1, as has been checked for samples with thicknesses in theents one can identify a jump in the contrast, although we
range of 4—5Qum. did not find hysteresi§f any, it should be less, than 0.01V,
Figures Ta,b show the critical voltage and wave number the measuring uncertaintyThe transition is mediated by
at the onset as a function of the frequency. Continuous linefonts as demonstrated in Fig. 8. The snapshot shows pattern-
are theoretical curves calculated on the basis of a linear sténg fronts traveling inward after an increase of the voltage.
bility analysis of the Fredericksz state, using the material However, there are indications that a low-contrast pattern
parameters from the homeotropic ffEor comparison, dotted arises already at voltages slightly before the jump. At this
lines indicate the theoretical curves of the direct transition tdime, we cannot exclude the possibility that this is due to a
EC for the homeotropic alignment. memory effect from previous runs. Possibly, the strong
Due to the Fredericksz-distorted ground state, the theo-torques in the boundary layers can impose a long-lasting
retical analysis is more tedious than in the homeotropic casémprint in the surface anchoring properties, which could lead
Since the critical voltagél . for onset of EC is considerably to the type of precursor observed. A preliminary weakly non-
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FIG. 11. Experimental voltage-frequency phase diagram for pla-
nar alignment.

FIG. 10. Snapshots of EC patterns in planar alignment with

increasinge at w4=0.05; (a) parallel rolls =0.17), (b) ZZ rolls V. CONCLUDING REMARKS

(e=1.07), (c) “running bubbles” (e=3.45), (d) stripe domains

(e=4.45), and(e) chaos ¢=8.8). Size of(a), (b): 225 umx225 In conclusion we have demonstrated that EC can occur
um; size of(c), (d), (e): 150 umx225 um. even for materials with large positive dielectric anisotropy,

provided the anisotropy of the conductivity is negative. For
linear analysis exhibits a bifurcation, which at low frequen-homeotropic alignment one has a direct transition to EC,
cies is weakly supercritical. Rather small changes of the payhereas for planar alignment, EC occurs above zdee
rameters or additional effects not included in the standargcksz transition. The scenario of patterns observable in the
theory (e.g., flexoelectricity and weak-electrolyte effects nomeotropic case is distinct from that found in thermal con-
could change this into a subcritical bifurcation. vection of isotropic fluids. The comparison with theory has
Increasing the voltage in the experiments, the parallehjiowed us to infer material parameters that are difficult to

rolls persist in some range before they become ZZ modu- measure directly. The signs and valueswgfand a; turn out

lated (see Fig. 9. Further above, a transition to “stripe do- to pe unconventional, although admissible in view of the
mains” occurs, which consist of elongated domains of ayicinity of the nematic-smectic transition.

thickness of several rolls running parallel with the rolls. This

is followed by the transition to chaos. In addition, below

o7y=0.1, we detect in the range between the ZZ rolls and ACKNOWLEDGMENTS

stripes a dynamic state with round shaped bubbles, isolated
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