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We report on experiments in hematics with homeotropic alignment where the electrohydrodynamic insta-
bility occurs after a bend Freedericksz transition. The threshold of convection, the wave number at onset, and
the threshold for the transition between order and disorder in the presence of a stabilizing magnetic field agree
with theory. Whereas in the oblique-roll range the behavior of the correlation time of the disordered state
exhibits near onset the expected scaling behavior, the disordered state in the normal-roll range at zero magnetic
field shows no dynamics below a well-defined vakie of the reduced control parameter, in contrast to
theoretical predictions. At one has reproducibly a continuous and reversible transition to a dynamic state.
We attribute these features to the appearance of chevronlike stru¢®t€63-651X98)01308-7

PACS numbgs): 61.30.Gd, 47.20.Ky, 47.6%a

[. INTRODUCTION tions. This analysis cannot capture nonlinear properties, such
as, e.g., the amplitude of the pattern as a function of the
ac driven electrohydrodynamic convecti@r electrocon- reduced control parameter commonly definedsasvzlvg
vection, EGQ in nematic liquid crystal layers has been studied— 1. The next step then is a weakly nonlinear analysis, which
experimentally and theoretically for about 30 yefrs Most ~ employs an expansion in terms of the amplitude including
of the work involved cells with planar homogeneous align-slow modulations in space and time of the patterning mode.
ment where the directar is (ideally) anchored at the bound- At leading nontrivial order one is left with a Ginzburg-
ing plates along a fixed directiorx) parallel to the plates, Landau equation for the complex amplitude describing
which define thex-y plane[2—4]. The directom represents amplitude and phase modulations. This equation describes,
the local axis of average molecular orientation in the nemamong others, the band of wave vectors for which periodic
atic. For materials with negative or slightly positive dielec- solutions exist above threshold, tfetow) evolution towards
tric anisotropye, and nonvanishing conductivity, which is the stable part of these statgkl,2,10, and the motion of
due to the presence of some ionic impurities, EC sets in inlefects[12]. Further above threshold one typically has to
the form of spatially periodic convection rolls at a thresholdresort to numerical Galerkin methods to calculate the peri-
V (f ) depending on frequendy. Since the flow is coupled odic roll solutions and their stability10,13,14, although
to periodic distortions of the director, the pattern is easilygeneralized weakly nonlinear schemes are pos$ildg
visualized. The patterns at threshold are in most cases sta- Efforts to investigate homeotropically oriented cells using
tionary. They are characterized by a two-dimensional inmematics with manifestly negative, were initiated rather
plane wave vectok.=(q.,p.), describing the orientation recently; seg16—2( for experimental and21,10,23 for
and spacing of the rollsg(, and p. are thex andy compo- theoretical work. In this case the director is oriented perpen-
nents ofk.). dicular to the layer, i.e., in thedirection so that in the initial
The first model of EC, based on the Carr-Helfrich mecha-state the system is isotropic in tkey plane. In this case the
nism for charge separation in media with anisotropic conducfirst instability is the(ideally) spatially homogeneougn the
tivity, was given in 19695]. This dc treatment was readily x-y plane Freedericksz transition where the director bends
generalized to the ac cal#), where besides the “conduction away from thez direction, singling out spontaneously a di-
mode” appearing at low frequencies, one also has the “di+ectionc in thex-y plane. This corresponds to a spontaneous
electric mode” above the crossover frequerfgy. In this  breaking of an @) symmetry. After the transition the slow
early one-dimensional treatment one cannot capture the wawariation of the in-plane directa@ may be described by an
vector of the patterns. The two-dimensional analysis of thenglep. Furthermore the isotropy may also be broken exter-
nematodynamic equation¥] allows one to describe the nally by applying aweak stabilizing magnetic field parallel
most common case where the rolls are oriented perpendicul&m the plane X direction.
to the director alignment, i.ep.,=0 (“normal rolls™). At At higher voltages there is a further transition to electro-
low frequencies one has often rolls that are oriented obeonvection, which is in many respects similar to that in cells
liquely, with the roll angle going to zero at the so-called with planarly aligned nematics. However, the homeotropic
Lifshitz point f, [8]. To capture these features one has to gacase with full rotational invariancé.e., without additional
to a three-dimensional treatmd®,2,10. magnetic field differs in a fundamental way from the planar
The threshold behavior sketched above is well describedase, since the spontaneous breaking of the continu@js O
by a linear stability analysid_SA) of the basiqnonconvect- symmetry leads in the Freedericksz distorted state to a Gold-
ing) state starting from the standard hydrodynamic equastone mode, i.e., an undamped mode of the system describ-
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ing the (infinitesima) rotation of the in-plane director. This novel structure, chevrons, is found in the conduction regime,
mode has to be incorporated into the weakly nonlinear dewhich in fact has been predicted from the generalized weakly
scription of the system, since the patterning mode will havenonlinear theory25] and which are presented briefly in Sec.
an effect on the Goldstone mode at arbitrarily small ampli-IV B. In Sec. IV C we present our results on the dynamics of
tude, i.e., the convection rolls will in general exert a torquethe disordered states in the absence of a magnetic field, as
on the in-plane director. The in-plane director, on the otheextracted from the temporal correlation of the optical con-
hand, acts back on the patterning mode. As was suspectdhst. Of particular interest are the frozen states obtained in
for some time[21] and shown recently22], this coupling the normal-roll range for below a valuees, which de-
leads to destabilization of all roll solutions and apparently tocreases with increasing frequency. The frozen states are
spatiotemporal chaos at the threshold of convection. In facgharacterized by havingocally) a chevron structure. The
disordered states have been observed experimerjtedly  transition to a dynamical state at has the properties of a
20]. In spite of the disorder one can distinguish also in thecontinuougreversible bifurcation. Finally, in Sec. V we dis-
homeotropic case between a variety of patterns in particulaguss the novel features found.

(disordereg@l normal and oblique rolls. From simulations of

the generalized weakly nonlinear equations the correlation

time in the disordered state was determined at selected fre- Il. EXPERIMENTAL SETUP

guencied22]. Some measurements of this quantity have al- ) .
ready been present¢d9,20. The usual capacitor-type cell was used where the nematic

A stabilizing magnetic field suppresses the disorder up td2yer (in the x-y plang is sandwiched between two glass
some values,, [18—20, which can be calculated either by a plates coated with a transparent electr¢de). The plates

numerical Galerkin proceduf@3] or, near threshold, by the Were separated by thin Mylar spacers of nominal thickuess
generalized weakly nonlinear analyE22]. As became clear about 30um. The lateral sizes of the cells.were of .order
recently, the destabilization of normal rolls occurs eitherk ¢M<1cm. In order to achieve homeotropic anchoring of
through a long-wavelength undulatogigzag instability (f the dlre_ctor the inner surfaces of the_plates were treated ei-
not too far abovef,) leading to a disordered state, or, at ther with the surfactant DMOAP(dimethyloctadecyB-
higher frequency, through a homogeneous instability leadingtimethoxysily)-propyllammonium - chloride or alterna-
to “abnormal rolls” where the in-plane director is rotated ively Wlth Ieuthme. The cell was filled with the_ standard
homogeneously in the-y plane out of its normal orientation nNématic material MBBA [N-(4-methoxybenzylidenes-
[22,24 (see als@14] for the analogous scenario in the planar PUtylanilingl. An ac voltage was applied across the layer by
case. Actually, normal rolls at zero magnetic field, i.e., in @ PC-driven function generator. The rms amplitideand
the disordered state, also exhibit the symmetry breaking typiréquencyf of the applied voltage are the usual control pa-
cal for abnormal rolls, and in fact they were first discovered”@meters, but in some experiments we have also applied a
experimentally in this contexXtl7]. magnetic fieldHlIX. The maximum value of the magnetic
We point out that under certain conditiofedominantly  inductionB= uoH reached by the conventional electromag-
near the crossover frequenty for materials with negative net was 0.32 T. The temperature was stabilized at 25.0
dielectric anisotropy one may have traveling rolls in the =0.1°C by a thermostatted water cycle.
conduction regime, which arise via a Hopf bifurcation. To  An area of the cell up to 1 mfwas observed either with
describe this feature one has to generalize the standard hg-long-range microscope from a distance of about 30 cm or
drodynamic description of nematics, where the material igvith a traditional microscope, depending on whether the
treated as an anisotropic Ohmic conductor, in favor of a deelectromagnet was used or not. In both cases magnifications
scription in terms of a weak electrolyf26]. The weak elec- up to 100x were used. A charge-coupled devi¢eCD)
trolyte effects also have the consequence that in some rangamera was mounted onto both microscopes and connected
below the crossover point from stationary to traveling rollsto a frame grabber card that digitized the images with a spa-
one typically has a slightly subcritical bifurcation with a tial resolution of 51X 512 pixels and 256 gray scales.
small hysteresi$27]. The theory has been developed only Whereas the Freedericksz distorted state was monitored un-
for planar alignment, but one expects similar behavior in theder crossed polarizers, convection was observed by the shad-
homeotropic case. Although in our cells we could observeowgraph method with only one polarizg28]. Here maxi-
traveling waves neadfry, in the results presented here we aremum contrast is expected when the light is polarized along
well below the crossover, so weak electrolyte effects are prethe in-plane director.
sumably not relevant here. Although the cells used in the experiments have been
In this paper we present experimental results for cellssealed in order to avoid aging effects in the liquid crystal
with homeotropic alignment. The experimental setup andnaterial, their conductivity remained fairly constant only for
some details of the measurement procedures are describedahout one month before increasing more rapidly. During the
Sec. Il. The results are presented in Sec. Ill. First, in Sedirst month, when experiments were done, the crossover fre-
[l A, the Freedericksz transition and the ensuing Freederguency increased by less than 10%. Experimental runs did
icksz distorted state are discussed. Although some of theot exceed 3 days. Changes fof during this period were
linear properties of the transition to EC and the variousundetectable. To perform all experiments several cells were
evolving patterns have been studied before, we first presemecessary. In Table | the various cells are listed together with
in Sec. lll B these results in order to compare them withthe relevant EC threshold data. The cells, which have been
theory. In Sec. IV A the transition between order and disor-used to obtain the results shown in the figures, are indicated
der in the presence of a magnetic field is characterized. An the captions.
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TABLE |. Parameters of the cells used; notatiohs: orienta-
tion with lecithine,ho: orientation with DMOAP,x: thicknessd
measured by IR spectromet(gtherwise thickness of spager

d V(fqy) V(10 Hz)
Cell  [um] f§%[Hzl (V) PP (Hy) (V)
hl01 47 594 93.20 271 6.13
hl04 28 728 67.34 6.01
hl05 28 710 240 7.04
hl07 33 921 284
hl12 35« 845 98.34 290 7.75
ho06 25 895 96.10 308 5.84
ho07 23 910 94.32 321 5.68
holl 28« 940 329 6.05
hol3 27 324 6.87
hol4 23 933 97.30 330 7.03
ho25 23 334
ho27 23 330 6.20 FIG. 1. “Schlieren” textures appearing immediately after an
ho31 23 332 electrically driven bend Freedericksz transition between crossed po-

larizers. The grey scale encodes the orientation of the in-plane di-
rector modulom/2. The scale bar shows 1Q8m (cell hol3).

Ill. SUBTHRESHOLD BEHAVIOR AND ONSET OF EC

latter case the magnetic field singles out a preferred agis (

in the plane of the layer along which the director bends.
Given the negative dielectric anisotropy and the posi- There is a twofold degeneracy of the Freedericksz distorted

tive diamagnetic anisotropy, of MBBA the homeotropi- states with domain walls separating them. For zero magnetic

cally aligned director field first undergoes a bend Freederfield the director can bend in any directicecomplete degen-

icksz transition when the voltagé alongz or the magnetic eracy in the x-y plane and one has point defe¢tsnbilics).

inductionB alongx exceed their respective threshold valuesA snapshot of a state that appears right after the transition

o 1o (without magnetic field containing several umbilics is
Ka3 ) _m Kas (1) shown in Fig. 1. These structures disappear on a time scale
leal €0 Fd | xamo ™ of about 10 min, after which the director field will be homo-
geneous over rather large areas.

A. The Freedericksz distorted state

VF:W(

Herekss is the elastic constant for bend deformation.

We first determined/r andBg. The intensityl of light
passing through the cell between crossed polarizers was re-
corded while eithe¥ or B (one being zerpwas increased in In the Freedericksz distorted staté>xVe) at H=0 the
steps of 0.05 V or 0.005 T every 2 min. The threshold waglirector was allowed to relax for typically 1 h. Then the
determined by a linear regression of theversusV or B voltage was gradually increased in order to determine the
curve to its valuel, in the initial state. The valueyy  thresholdV(f ) for convection, which is now a function of
=3.74+0.15V and B;=0.263-0.01 T measured in this the applied frequencgcontrary toVg). The voltage was in-
way agree within the experimental uncertainty with the one$reased in intervals of 1 min by steps of 0.05 V. At each step
calculated from Eq.(1) using the material parameters of the contrast, i.e., the rms value of the intensity along one line
MBBA | in [2] and y,=0.97x 47X 10 . Because of this Of the picture, was determined, akg(f ) was extrapolated
agreement between experiment and theory as well as becadg%a linear fit. The measurement was carried out by increas-
of the abrupt increase dfat Vg or B; we can exclude pretilt ing and decreasing the voltage. The frequency range was
and weak anchoring of the director in the cells used in thecovered from 10 to about 600 Hz by steps of 10 Hz, staying
experiments. within the conduction range.

When the electric and magnetic fields are applied simul- The measured threshold voltage versus frequency is
taneously the value¥;(B) and B;(V) at threshold are re- shown in Fig. 2(only every third measurement is plotied

B. Behavior at threshold of EC

lated by Although the evolving patterns are more or less disordered
one can distinguish near onset between normal and oblique

Vi\2 [ Bf)\? rolls; see Fig. 3. Oblique rolls, marked by open circles, and

V_F + B_F =4 2 normal rolls, marked by filled circles, occur below and above

the Lifshitz frequencyf, respectively(Fig. 2). For frequen-
This relationship is satisfied experimentally with an accuracycies well belowf, one finds both directions of the roligig
of about 4%. We mention thaf; andVy are—as expected— and zag superposed as shown in Figtb® Also shown in
independent of the frequency of the applied voltage. Fig. 2 is a prediction of the threshoM.(f ) as obtained
One should note that, as pointed out before, the purelyjrom the linear stability analysis of the full equatiofisSA)
electrically driven Freedericksz transition has a different29] (line). The value of the conductivity of the material was
character from that when a magnetic field is present. In thelightly adjusted as usual in order to fix the frequency scale
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FIG. 2. Voltage vs frequency phase diagram. The symbols indi- 1 -
cate the onset of the respective pattdie®l h101). The continuous 0.6
line is the thresholdV (f ) calculated from the linear stability b) 1

analysis(LSA). 0.5

0.4
leading too, =7.8x10 8(Q) m) L. Moreover, in Fig. 2 the p./q,
measured transition from disordered patterns involving rela-
tively slow dynamics to the more turbulent dynamic scatter-
ing state(diamond$ occurring at fairly larges is included.
Although this will not be discussed here, we want to men- 0.1
tion, that—as in the planar case—we found at very large 1
transition between the type | and Il dynamic scattering 0-00 R SR SO S PP Sl
modes[1].

. f(Hz)
In order to determine the wave vectq=(q.,p.), and in

particular the tilt angle(obliqugnes)sof the rolls at onset, a FIG. 4. Obliqueness of the roll&) without and (b) with an
voltage jump from below to just above threshoid;-0.04,  aqditional stabilizing magnetic field(=0.98H¢) (cell h01). The
was applied. Shortly afterwards a snapshot of the pattern wasashed curves are predictions of the LSA using the same material
taken, because the angle between the rolls changes with timgarameters as in Fig. 2. The continuous curves represent the func-
The wave vector could be determined from a 2D Fourieftion a(f_—f )2 with fit parametersy=0.04,f__,_o (cf. Table ),
analysis of the snapshots, in spite of the fact that the rolls caandf, ;¢ oa. =214 Hz.
have an arbitrary orientation. The reason is that, as pointed
out before, the shadowgraph method, which makes use onlgS af : '

i . 2 S unction of the frequendy They have been fitted by a
of one polarizer, has maximum sensitivity when the light is

. . By _ expt__ ¢ \1/2 i i H i _
polarized along the in-plane director(zero intensity in the square-root laver(f, 1) (contmyous ling Wh!Ch IS €x-
perpendicular direction Therefore the Fourier spectrum, Pected to hold nedfi . Also shown is the theoretical predic-

which is distributed over a ring of radili.|, exhibits peaks tion as obtained from the LSA29] (dotted ling using the
corresponding to patches wherés parallel to the polarizer. same parameters as before. Note thgt.the a}greement is better
Thus, in the normal-roll range one has two peaks at angles @an IN previous worl{18]. The remaining dlscre_par_lcy be-
and 7 with respect to the polarizer, and in the oblique-roll Ween the theoretical and the measured valuels o likely
range one has four peaks that allow one to extract the angﬁ? be the result of uncertainties in the material parameters.
of oblique rolls. In Fig. 4a) the results fop,/q. are shown SOme later measurements are relatedf #8' (Sec. IV O.
Then a more precise determination H¥* was done by
choosing smaller frequency steps in the vicinityf §. We
estimate the error to be below abotid Hz.

Similar measurements were performed in the presence of
a stabilizing magnetic fieldd|X. Besides producing well-
ordered patterngl8] (see also next subsectioH shifts V,
upward and changes also the critical wave vector. In particu-
lar the Lifshitz point is shifted to lower frequency and the
wave number is increasg@vavelength decreasgdThe re-
sults forp./q.; as well as the predictions of LSA are shown
in Fig. 4(b). In Fig. 5 we present a comparison between

FIG. 3. Snapshots ofa) normal (cell ho25 atf=1.04,) and  experiment and theory of the wavelength=27/k; of the
(b) oblique rolls near thresholtell h107 atf=0.1f,). In (b) one  pattern. Similar measurements in planarly aligned cells also
sees the superposition of zig and zag. The scale bars argh00 show a square-root behavior of the roll angle versus fre-

0.34

f expt

0.2 L f theo

H=0.98 H,, £=0.04
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FIG. 7. Onset,, of instability of rolls vs reduced magnetic field.
At zero field the value foreg, where dynamic sets in, has been
included(open squane(cell h107).

FIG. 5. Wavelength of the pattern vs frequency without and
with magnetic field. The curves represent the results from (SN
hl01).

quency; se¢30] for results on the material 152, and1] for length(zigzag instability as shown in Fig. 6, which are pre-

the material Merck Phase 5. dicted by theory to be the first destabilization of the ordered
The measurements presented in Figs. 4 and 5 are ré&ormal rolls, due to their long wavelength are not always

stricted to a frequency range well below the crossover poinfletectable. This explains the discrepancy in Fig. 7 between

to traveling waves. Here one expects, as pointed out beforéle measured values ef, (appearance of defe¢tior differ-

the bifurcation to be supercritic§27], so that finite ampli- €nt field strengths and the thedigppearance of undulations

tude effects presumably are of minor importance. [29]. Moreover the values at low field are not very accurate.
The theoretical curve has been obtained from full numerical
IV. STATIC AND DYNAMIC CONVECTION STATES calculations without adjustable parameters. From the analytic
work a parabolic behavias,«(H/Hg)? is expected for low
A. Transition to static disorder in the presence fields[22]. The disordered state attained beyond the instabil-
of a magnetic field ity appears to be static in the normal-roll range. This frozen

By applying a magnetic field in the plane of the layer State and the transition to dynamics has been studied in detail

(HIX) a stabilizing torque is exerted on the director. Then, aPNly at zero magnetic field and will be discussed below.

the threshold of convection, the situation becomes similar to

that in planarly aligned cells, so that the oblique or normal B. Patterns above threshold without magnetic field

rolls become well-ordered over the whole délB]. Now the In Fig. 8b) a typical pattern in the normal-roll range is
transition to disorder occurs at a valeg>0 depending on  shown. One has defectslislocations in the roll patterhis
the magnetic field streng{23,22. We find that the destabi- orgering along chains, which in the absence of a preferred
lization of the normal rolls occurs in most cases via creatioryirection are bent on a long scale. The polarity of defects
of dislocations in the patterns. Undulations with long wave-gjternates from chain to chain. A remarkable similarity be-
tween the patterns observed here and the chevron patterns
known from the dielectric range—especially those observed
in thick (d~2100xm) planar cells—should be mentioned,;

FIG. 8. Chevrons in the dielectric range of electroconvection in
a planar nemati¢a) and similar patterfwith very different wave-
length in the conduction rangef&f,) of EC in homeotropically

FIG. 6. Initial stage of the undulatory instability in the presencealigned nematicgb) (cell ho31). In (b) the camera was turned in
of a magnetic fieldH=0.3Hg, £e=0.1,f=1.13 . The scale bar order to give a better impression of chevrons. In both pictures the
shows 100um (cell h107). bars have the length of 10@m.
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FIG. 9. Densityp of defects(average over 10 measuremerits

the homeotropic chevron statefat 1.12f, (cell hol4). FIG. 10. Temporal behavior of the correlation function for sev-

eral frequencies in the vicinity of the Lifshitz poiricell ho06).
The curvesa, b, and d have been fitted by exponentials
see Fig. 8). In fact, on the theoretical side a connection exp(-t/x).

between the two systems can be m4#g]. In Fig. 9 we
show the densityp of defects in the homeotropic chevron
state as a function of. At aboute =0.07 the state becomes
dynamic(see below.

range, are shown in Fig. 12 different cell was used here
7. appears to diverge when approachiag from above.

Above 4 one can fitr_ ! versuse by a straight line. In the
normal roll range the slopa depends very little on the fre-

C. Transition from static to dynamic disorder quencyf. At e one seems to have a sharp and reversible

without magnetic field

Next, the time evolution of the patterns was studied as & 0.030-
function of ¢ andf. After the desired values efandf were

. . 1| = 1=0.978¢
applied the pattern was allowed to relax over a period of  oo2s{| o 1-0.9841
typically 5 min. Then the contragt along a line was mea- 2) ] +  1=0.991 1,
sured in intervals of 3 s. For smalithe temporal behavior of ooze{| 4 1=0.9971

K was significantly different in the normal and the oblique- :
roll regime. Whereas in the oblique-roll range the contrast@ 0.015]
changed rapidly on a scale of the order of 10 s, in the'w .
normal-roll range fore below some critical valuesg (&4 0.0101
~0.08 forf slightly abovef,) no changes could be detected 1
over times longer than 1 h. This shows that beydpdhe 0.0057
orientation of the director in the-y plane does not change, 1
because the contrast depends on the angle between the 0.006¢
director and the polarizing direction of the incoming light.
To characterize the dynamics of the director quantita-
tively the autocorrelation function C(t)=(I(F,t 0,6
+to) 1 (F,to)) — (I (F,to) }{I(F,tp)) of the intensityl was mea- 1
sured, see Fig. 1Q---) denotes an average over timgand 0,5+ E
camera line"). The correlation timer, was determined by b)
fitting C(t) to Co exp(—t/z). For f<f>® (oblique roll3 the 04- E
correlation function decays for any>0. The correlation ]
time decreases with increasiagand increases—at least near %,
f_.—with increasingf. In agreement with the theor22], ¢ ] E
which predicts spatiotemporal chaos at the onset, we find ir ]
good approximation thatrglocs. Figure 11a) shows
straight-line fits to these measurements and in Figb)lthe
slopesa determined in this way are presented as a function 0ol ' . e .
of the reduced frequency. ‘0975 0980 0985 0990 0895 1,000 1,005 1,010
As pointed out before, in the normal-roll range&X(f) 1
the pattern is frozen at onset and remains stationary in the
rangee <es (see curvec of Fig. 10. Above e the patterns FIG. 11. (a) Inverse correlation time_ * vs & below and very
become dynamic and the correlation function decays in @lightly above the measured Lifshitz point with straight-line fits.
similar way as in the oblique-roll rangsee curved in Fig.  The slopes are given in(b). Note the abrupt drop af to 0 at the
10). Similar measurements, but mainly in the normal-roll Lifshitz point[(a) and (b): cell ho14].

0,14

L
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FIG. 12. (@) Inverse correlation time—,;1 vs ¢ very slightly

below, at, and well above the measured Lifshitz point with straight- . .
line fits. The frequency dependencesafis shown in(b) [(a) and FIG. 1.3' Snapshoteft row) andx-t plots(_rlght row) .Of typical
(b): cell ho27]. patterns in the normal-roll rangd € 1.13f,) in the static and dy-

namic regime(cell ho07). From top to bottom(a) £=0.06; (b)

b h . d d ic behavi £=0.09; (c) £e=0.21. The horizontal scale bar (a) gives the scale
crossover etwe‘.an .t € stationary a.n Ynamlc e a\_”OBf 100 um, the vertical bars denote: 200 s(® and 1 s in(b) and
Thus our results indicate a forward bifurcation. So the situ-.

ation in the normal roll range seems to be quite different
from that in the oblique roll range: fdr<f, we find(at least actually find slow dynamics-c_lwo.lEs s L. However, at

near f, ) a sensitive deqtalndence dfrgllds onf andeg £~0.08, they find a marked change in slope to abqlﬁ
~0, whereas ,f°f>fL d_Tc /de does not seem to depend on =0.7¢ s 1. In our measurements we can rule out a slow
f, but there is a manifestly nonzerqn,, which decreases dynamics below as found by the authors of Refd9, 24.

slightly with increasingf as Fig. 12b) shows. From the ex- \ye attribute this discrepancy to the difference in the cell and
periments we cannot claim that this change of behavior OCaterial characteristics.

curs abruptly, but the crossover has to take place within an
interval of about 2 Hz. The behavior in the normal roll range
does not yet have a theoretical explanation, but it could be
connected with the chevrons appearing in the frozen states Our measurements have uncovered a number of new fea-
(see Sec. ¥ tures in EC of a homeotropically aligned nematic with nega-

Figure 13 shows the patterns observed in the normal-rolive dielectric anisotropy. The fact that in the absence of a
range for three values efin the static and dynamic regime. magnetic field complex patterns appear directly at threshold
On the left side we show snapshots whereas on the right sidsan be considered as established. The surprising feature
x-t plots of a line are exhibited. Clearly, at=0.09, one still  found here is that in the normal-roll range the state at thresh-
has chevron like ordering. old is static, whereas theory predicts a dynamic situation

Similar measurements of the correlation time were pre{22,24. We do not believe that our results are related to
sented at two frequencies well below and above the Lifshitimperfections(inhomogeneitiesof our cells leading to pin-
point by Kai and collaboratorgl9,20. They used a cell of ning effects. The experiments have been repeated with sev-
thickness 50um filled with MBBA that was doped with eral cells that were manufactured using different materials
TBAB to obtain a rather large conductivity ofr and methods for the orientation of the nemdtee Sec. )l
=2.310 /(2 m)~! and a crossover frequendy of about  The results of the different experiments are consistent with
2.6 kHz. In the range where we have static disorder theyach other. The values far, do not differ by more than

V. CONCLUDING REMARKS
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about 20%. Another indication that the behavior found is For the theoretical side one must conclude from our work
really intrinsic, is, in our view, the observed reversible, (at least tentativelythat the generalized weakly nonlinear
bifurcation-type transition between the static and the dy+theory for EC in homeotropic cells as it starj@®,24] is, in
namic state where crossess (see Fig. 12 Due to the spite of its successes, in particular in providing a first mecha-
uncertainty in the determination df of about+4 Hz we  nism for the formation of chevrori25], not quite complete.
cannot really claim that the crossover from the dynamic toSimulations with this theory have not yielded a static state in
the static behavior occurs precisely at the Lifshitz point, buthe absence of a stabilizing magnetic field. In fact, there the
there remains the fact that the qualitative behavior changeshevrons retain a chaotic dynamics, as is observed in the
within a frequency interval of about 2Hz. conventional chevrons in the dielectric raf@2]. Possibly

Consequently one concludes that beloyan intrinsically  the vicinity of the Lifshitz point, where the coherence length
stable, static state is established. It appears plausible that this they direction goes to zero, has to be taken into account.
state is associated with the observed chevron-type orderingyn investigation of this effect is under way. Also, we would
which represents a novel feature in this system. As a nextot completely rule out the possibility that nonadiabatic ef-
step, which goes beyond the scope of the present work, thiects, which couple the fast scale of the roll pattern with the
structure has to be characterized quantitatively as a functioslow modulations are responsible for the stabilization of
of £ andf. At present we may say that the density of defectschevron-like structures. Clearly EC in homeotropically ori-
increases and the average spacing of the defect chains dented nematics is an interesting system deserving further
creases wher andf are increased. Slightly abowe there  study.
remains a chevron-type structure. Thus one presumably has a Finally it might be worth pointing out that the complex
transition between static and dynamic versions of chevrongsinzburg-Landau equation for anisotropic systems yields or-
A weak magnetic field leads to a long-range ordering of thedered chevron-like structures that can be static or dynamic
chevron chains, which otherwise are curved on a slow scalé33].

For stronger fields the chevrons are destroyed. This latter
transition is the one d|s_cussed very b_rlefly in Sec. IVA. It ACKNOWLEDGMENTS
should be investigated in more detail in future work.

From the work of Kaiet al. [20] one may conclude that We have benefitted from discussions with W. Pesch, A.
under different conditiong&hicker cells, higher conductivily = G. Rossberg, N. Ber, and C. Haite. Financial support by the
the state belowe, is not fully static. However, there remains TMR program of the EU(network “Patterns, Noise, and
a transition from slow to faster dynamics, which presumablyChaos,” ERB FMRX-CT 96-008F the Volkswagen founda-
has the same origin as our observation and is of similar intion, the Deutsche Forschungsgemeinsch&fR 690/12,
terest. and MTA OTKA T014957 is gratefully acknowledged.
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