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The Influence of an External Electric 
Field on the Structure of Chiral 
Sm C* Liquid Ctystal 
M. GLOGAROVA, L. LEJCEK, J. PAVEL, V. JANOVEC and J. FOUSEK 
Institute of Physics, Czech. Acad. Sci., Na Slovance 2, 180 40 
Prague 8, Czechoslovakia 

(Received September 2,1982; in fino1 form November 5 ,  1982) 

The mechanism of a field induced transition from helical Sm C* to Sm C structure in a 
DOBAMBC liquid crystal situated between two glass plates has been studied by optical 
methods. The important role of a regular system of twist dischation lines (dechiralization 
lines) in unwinding the helical structure by electric field has been revealed. A simplified model 
of *2w twist disclination pairs is proposed which describes the unwinding of the Sm C* 
structure. Under the external electric field the pairs of + 2 ~  twist disclinations move 
and annihilate each other and thus effectively unwind the helical structure of the sample. 
Critical fields for switching the helical Sm C* structure, as well as the unwound structure, 
are estimated. 

1 INTRODUCTION 

In chiral Sm C (Sm C*) liquid crystal structure the long molecules are 
arranged in layers and tilted by an angle 8 with respect to the layer normal. 
The chirality of a molecule results in a helical structure of tilted molecules 
when going from layer to layer in the normal direction.' The molecules 
precess by the angle 2.rr over the pitch of the spiral structure po. The 
chirality of molecule is coupled to the electric dipole moment which can 
interact directly with the external electric field. 

The first experimental evidence of the influence of an external electric 
field upon the chiral smectic helix was based on the observation of cono- 
scopic image.' The change of uniaxial conoscopic image to a biaxial one 
under the electric field parallel to the smectic layers was attributed to 
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3 10 M. GLOGAROVA et al. 

switching from Sm C* to Sm C structure. Two different orientations of 
Sm C corresponded to antiparallel electric fields. A polarization response 
during the switching process showed a similar hysteresis as for crystalline 
ferroelectrics." Direct observation of the Sm C* texture in a plate-like 
cell revealed a system of dark and light stripes with a periodical distance 
of about 3 pm.275-8 The stripes were ascribed to linear defects situated near 
the sample surface and spaced at the distance po from each other,'-l1 or they 
were explained as an optical consequence of a regular spiral s t r u c t ~ r e . ~ ~ ' ~ ~ * ~  
If alternating fields of about 50 Hz were applied with increasing amplitude, 
the distance between the stripes gradually increased. For a critical field 
amplitude the stripes Till now no attention has been paid to 
the behavior of the stripes in intermediate d.c. fields. All theoretical treat- 
ments of the interaction of an electric field with Sm C* (see e.g. I3-l7) 
published by now, assumed an infinite sample. The transition 
Sm C* + Sm C induced by a critical electric field was interpreted as the 
unwinding of the smectic helix. The unwinding mechanism in samples of 
finite thickness has not yet been considered. 

In this paper our observations of the interaction of an external d.c. 
electric field with p -n -decyloxybenzilidene-p '-amino 2 methyl butyl cin- 
namate (DOBAMBC) chiral smectic liquid crystal sample are presented 
and a simplified model of the process of unwinding the Sm C* helix in 
finite samples is proposed. Preliminary results have been reported.'* 

2 EXPERIMENTAL RESULTS 

The DOBAMBC liquid crystal heated to its isotropic phase was filled 
between two glass plates by capillary suction. Mylar spacers 20, 30, and 
50 pm thick were used to define the sample thickness. The glass plates 
coated by thin SnOl layers served as electrodes. 

We have studied both non-oriented samples and samples oriented in a 
magnetic field applied in the plane of the sample. The magnetic field of 
about 1,5 T was applied for two hours at cooling from the isotropic phase 
(from about 120°C) through Sm A phase (temperature range 117"-95"C) to 
Sm C* phase. Then the samples were investigated in polarizing microscope 
without magnetic field. 

In the sample aligned in transversal magnetic field the smectic layers are 
mostly peqxndicular to both the sample plane and the magnetic field 
direction. Sometimes very long focal conics remain, which can be partially 
expelled by electric field of 100 Hz, 10 kV/cm applied for several minutes. 
In Sm C* phase a system of parallel lines appears which is seen even in 
unpolarized light. However, the best optical contrast is obtained in crossed 
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EXTERNAL ELECTRIC FIELD ON SM C* 311 

polarizers (Figure la). When the sample is rotated between crossed polar- 
izers no lateral shift of the lines is observed. The distance between the lines 
is about 2,5 pm and does not change significantly with temperature. 

If a d.c. electric field is applied, no continuous changes of the line 
distance are observed up to the field intensity of about 3 kV/cm. For higher 
fields, the lines become successively shorter and eventually disappear 
(Figures lb, c). During this process the periodicity of the line structure is 
lost. When the field is switched off line nuclei appear, usually within 
seconds lengthen through the whole sample, and thus the periodical line 
structure is recovered again. Sometimes when only few separated lines are 
present, they appear doubled (Figure lc). By changing the microscope 
focusing we have found that the doubled lines are, in fact, thin loops with 
long linear parts located near upper and lower glass plates. The plane of the 
loop is nearly perpendicular to the sample plane. For the field intensity 
slightly above 3 kV/cm all the lines or loops disappear and the whole 
sample is homogeneously bright or dark depending on the field polarity. 
The angular difference of optical extinction position for two antiparallel 
electric fields is about 44 deg. at temperatures about 3" below the 
Sm A + Sm C* phase transition. 

After repeated switching of the d.c. field polarity, the system of lines 
does not appear immediately when the field is switched off. Several sec- 
onds are needed to recover the line pattern. If the field of opposite polarity 
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312 M. GLOGAROVA et al. 

(c ) 

FIGURE 1 A texture of Sm C* DOBAMBC sample 50 Frn thick oriented in magnetic field. 
Dimensions of the surface region are (0,37 X 0,25) mm2; a) E = 0, b, c) d.c. field 
E = 3kV/cm, dechiralization lines disappear gradually within a few seconds; c) Doubling 
of lines is seen. 
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EXTERNAL ELECTRIC FIELD ON SM C* 313 

is applied before that, the areas of the other orientation arise in a form of 
irregular islets, which grow with increasing field intensity (Figures 2a, b). 
The islets are elongated in the direction parallel to the smectic layers. 

With non-oriented samples the focal conic texture appearing in Sm A 
phase undergoes no changes after cooling to Sm C* phase. At the 
Sm A + Sm C* phase transition temperature a system of lines with the 
period of about 2,5 p m  appears (Figure 3). With the samples 50 pm thick 
the focal conic texture near the upper glass plate differs from that near the 
lower one. The systems of lines near the upper and lower glass plates differ 
significantly tracing the smectic layers belonging to a certain focal conic. 

When a d.c. field is applied, the distances between lines do not change 
up to the intensity of about 3 kV/cm. At higher intensities the lines succes- 
sively disappear starting from the boundaries of focal conics (Figure 4). For 
the field slightly higher than 3 kV/cm the field induced phase transition 
Sm C* -+ Sm C is completed. 

3 INTERPRETATION OF THE OBSERVED RESULTS 

The optical observations just described indicate that the lines, which appear 
in Sm C* phase are not the direct optical consequence of the spiral structure 
as previously suggested5,' and a s ~ u m e d . ~ * ~ - ' ~  If the sample is observed 
between crossed polarizers the continuous change of the director along the 
helical axis of Sm C* should result in a continuous change of optical 
contrast along this axis. Moreover, the stripes of maximum and minimum 
light intensities should exhibit a sidewise shift when the sample is rotated 
between crossed polari~ers,~ or the stripes should be focused out of the 
sample.* Instead of diffused lines we observed sharp lines typical for linear 
defects which were seen even in unpolarized light. When the sample was 
rotated between crossed polarizers, no lateral shift of lines was observed. 

In accordance with'" we suppose that the regular lines which are seen 
in Sm C* phase correspond to linear defects. These defects, called de- 
chiralization lines, mediate the unwound Sm C* which arises near the glass 
plate due to the planar anchoring on the plates, and helical Sm C* in the 
bulk of the sample. A sharp optical contrast connected with the de- 
chiralization lines probably suppresses the optical contrast due to the spiral 
structure, which should appear as continuous changing dark and bright 
stripes parallel to the disclination lines. 

A topological model of the structure of Sm C* around dechiralization 
lines was proposedg for the smectic layers perpendicular to the sample 
plane. From this model it follows that the lines form pairs of ? 2 ~  twist 
disclinations situated near the upper and lower glass plates, respectively, 
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3 14 M. GLOGAROVA et al. 

FIGURE 2 a,b) Two different intermediate stages at switching of DOBAMBC oriented 
sample 50 pm thick in a d.c. field of 3kV/cm. The new orientation appears as bright areas. 
Dimensions of the surface region are (0.37 X 0,25) mm2. 
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EXTERNAL ELECTRIC FIELD ON SM C* 315 

FIGURE 3 A fan-shaped texture with dechiralization lines in DOBAMBC non-oriented 
sample 30 p n  thick in Sm C* phase as seen between crossed polarizers. The black areas are 
air bubbles. The area of the figure is (0.37 x 0,25) mm’. 

FIGURE 4 A texture of Sm C* DOBAMBC non-oriented sample 50 pm thick just after d.c. 
field E = 3kV/cm has been ap lied Remaining dechiralization lines are seen. The area of 
the figure is (0,37 X 0,25) mm P ’  . 
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3 16 M. GLOGAROVA et nl. 

parallel to the sample plane and to the smectic layers. The distance between 
the lines near the same glass plate equals the helical pitch. The pair of 
+27r twist disclinations is situated in the same smectic layer so that in 
perfectly oriented samples they lie one over the other, and so they cannot 
be resolved optically. 

In our opinion, if a d.c. electric field is applied the 427r lines of the same 
smectic layer close upon themselves at the side ends of the sample or at 
some defects, creating thus, a long loop which becomes shorter under the 
field. The loops are observable only when the smectic layers are not strictly 
perpendicular to the sample plane, then +27r and -27r twist disclinations 
do not superimpose. When +27r and -27r lines meet they annihilate each 
other. The disappearance of one pair of +27r disclinations is equivalent to 
unwinding the helical structure by 27r. The annihilation of all pairs of +27r 
twist disclinations completely unwinds the helical structure. 

We have observed the unwound structure even after removing the exter- 
nal electric field. The structure preserves homogeneous Sm C ordering for 
several seconds. These metastable samples (20-30 pm thick) exhibit bi- 
stable switching (see Figures 2a, b) similar to that observed in very thin 
samples where the structure was unwound due to the surface anchoring.’9 

With non-oriented samples the dechiralization lines follow the smectic 
layers on focal conics. For this case a model of the Sm C* structure around 
the lines was Different patterns of sharp lines we have ob- 
served when focusing just below the upper and just above the lower glass 
plates could hardly be caused by contrast on the spiral structure in the bulk, 
whereas linear defects provide a consistent explanation. 

4 DECHIRAUZATION LINES AND FIELD INDUCED 
Sm C* + Sm C TFtANSlllON-A SIMPLIFIED MODEL 

In this part the solution describing the system of dechiralization lines will 
be derived (Section 4.2) using the free energy of Sm C* with nondeformed 
layers (Section 4.1). The behavior of these lines when external electric field 
is applied will be studied within the simplified model (Section 4.3) 

4.1 Approximation of the free energy density 

We start with the approximation of the free energy density. Supposing the 
smectic layers to be parallel, the elastic part of the free energy representing 
the energy increase with respect to the ideal Sm C* structure can be written 
in the form 

Bl BZ B3 k = - ( t  2 X rot t)’ + -(div 2 t)* + T(t rot t + q,,)’ 
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EXTERNAL ELECTRIC FIELD ON SM C* 3 17 

similarly to.2o325 The t-vector is a direction of the projection of molecules 
into smectic layer (t-vector was introduced e.g.,m see also Figure 5 ) .  B1, 
B2, and B3 are the elastic constants and qo is related to the pitch of helical 
structure of Sm C* liquid crystal by the relationPo = 2n/qO. For simplicity 
let us suppose that B1 = Bz. If t = (0, cos 4, sin 4) where 4 = r#~ (x ,  z )  
is an angle between t and y-axis (Figure 5 ) ,  the expression (1) can be 
transformed to 

The part of the free energy density which describes the interaction of 
smectic crystal with an external electric field E can be taken into account 
as in Ref. 21 

fE = plx cos 8 sin €J(EGZ - EJ,) . (3) 

Here the assumption is used that the flexoelectric term, -~.(2x cos 8 sin 8 
[Ey(drz/dx) + E,(dt, /dx)],  does not play an important role, i.e., p1 % ~ l z  
and also the quadratic term in E, i.e., x Ei ,  will not be taken into the 
account. The constants y1 and ~l; !  are the piezoelectric and flexoelectric 
constants; respectively, 8 is the tilt angle a molecule makes with the x-axis 
which will be taken as constant throughout the whble sample and x is 
dielectric susceptibility. We restrict our investigation to the case E, f 0 and 
Ey = 0, i.e., the electric field is applied perpendicularly to the glass sur- 
faces (Figure 5) .  

P O  

FIGURE 5 Coordinate axes and schematic representation of molecular arrangement around 
*2?r dechdization lines (dots with 2 2 ~ ) .  The molecules are represented by nails*' the 
points of which correspond to those parts of molecules which are turned toward the observer. 
t-vector is the projection of molecules into the plane of Sm C* layer, making an angle I$ with 
y-axis. 2h is the sample thickness, d is the distance of lines from glass plates andp, designates 
the helical pitch. 
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318 M. GLOGAROVA et a/. 

The surface anchoring energy will be taken into account in the simple 
form= W, sin’ & where W, is the maximum surface energy of anchoring. 
The angle of t-vector with the y-axis is &. 

Then the total energy F of the sample per unit length of y-axis, over the 
period po and over the half thickness h is 

where P, = p l x  cos 8 sin 8 is the local spontaneous polarization and 2h 
is the thickness of the sample. 

4.2 Dechiralization lines 

The experiments reviewed in Part 3, show that in the sample the system of 
+27r twist disclination lines exists. Now we will look for such a solution 
of the equation of equilibrium which describes the system of lines without 
an external electric field. 

The variation of F in Q. (4) with respect to 4 and with E, = 0 gives 
the equilibrium condition 

The boundary condition will be assumed in the form $(z  = +h) = & 
with & constant. We construct the solution of Eq. (5) corresponding to the 
periodical system of -127r twist disclination lines with periodpo situated at 
the distances d from the upper and lower glass, respectively (see Figure 5) .  
Using the function arctg ( w / x )  as the elementary solution of Eq. (5 )  we 
finally obtain 

z - 2hk - h + d 
x - npo 

+ P  + m  

$ = & + 2 2 ( - - l ) k  
n=-cok=-m 

z - 2hk + h - d 
x - npo 

- arctg (Y 

where (Y = (B3/BI)lR.  
The solution (Eq. (6)) corresponds to the periodic distribution of pairs of 

+2?r and -27r twist disclinations situated at the points [x  = np,, 
z = h - d] and [x = npo, z = -h + 4, respectively. The mirror images 
of these disclination pairs with respect to the glass plates were added in D
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EXTERNAL ELECTRIC FIELD ON SM C* 3 19 

order to satisfy the boundary conditions 4 ( z  = +h) = 6 similarly, as in 
the case of dislocations in finite smectic crystal.24 

The equilibrium distance d for E, = 0 corresponds to a minimum of 
Eq. (4 )  with respect to d with 4 given by Eq. (6) and 6 fixed. For the 
half-space of Sm C* crystal the similar problem was solved'0*2s by the 
different method used originally for cholesterics .26 

For z E ( - (h  - 4, (h - 6)) the angle 4 changes by 2 7 ~  at x+npo and 
4 = for x = np0/2. So for h large and -0 (i.e., in the middle of the 
sample) I$ behaves as 

4 = 4 0  + ( 2 d P O )  (x - PO/2) (7) 

for x E (0, po) .  The 4 as given by Eq. (6) is the periodic function of n with 
period po.  Having the same form as Eq. (7) in each interval x E (npo, 
(n + l)po), n = O,+ . l ,  2 2 . .  ., it describes the ideal Sm C* structure. 

The solution (Eq. (6)) represents both the perfect helical structure in the 
middle of a thick Sm C* sample and the system of pairs of + 2 7 ~  twist 
disclinations conjoining Sm C near the glass plates with Sm C* in the bulk 
of the sample. 

Using the solution (Eq. (6)) which can be rewritten in the form 
+-a 

4 = c$o + c {arctg[cth.rrY,tgr(Z - D l ) ]  - arctg[cthnY,tg.rr(Z + D,)] 

- arctg[crh.rrY,tg.lr(Z + D,)] + arctg[cth?rY,rgr(Z - &)I}  (8) 
" = - %  

with Y, = ( x  - n p 0 ) / 4 a h ,  Z = z / 4 h ,  D ,  = (1 - d / h ) / 4  and 
Dz = (1 + d/h)/4, the equilibrium conditions for the system of the 
dechiralization lines can be found by the method described in Ref. 23. 
Introducing the torques 

the force g acting on a unit length of the disclination situated at x = 0, 
z = (d - h) by the other disclinations is given by the expression analo- 
gous to Peach-Koehler equationz3 and has components 

g, = -2n€h, gr = 0, g, = 2 K A .  (10) 

C l  and CL follow from Eqs. (9) and (8) when the disclination at x = 0, 
z = (d - h) is not included in the summation. The component g, = 0, as 
a result of summation of equal values with opposite sign of force compo- 
nents in n-direction from the rest of disclinations. The component g, is 
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320 M. GLOGAROVA et al. 

So in the sample without an external electric field the distance d of dis- 
clinations from the glass plates can be determined from the condition 
g, = 0. In the special case when only the interaction of the nearest +27r 
and -27r disclinations is considered, i.e., ha/po < ~ / 2 ,  the only term in 
Eq. ( 1 1 )  corresponding to n = 0 is taken into account. Then we obtain 

The Eq. (12) has for h p0/4a two solutions 

dl < h / 2 ;  d2 = h - h 
IT 4ha ' dl = - arcsin - 

Let us denote F(d) the part of F given in Eq. (4 )  which depends on d at 
the condition E, = 0. The energy F(d)  is calculated over the volume con- 
taining one disclination. The force g, acting on the unit length of the 
disclination can be expresed as g, = -dF(d)/dd. 

Then d2F(d)/dd2 = -dg,/dd is positive for d = dl and negative for 
d = d2. Thus the solution d = dl describes the stable configuration of the 
disclination system. For a thick sample, i.e., h S po, it is d, = pO/47ra 
which does not depend on h. In a thin sample where h < p 0 / 4 a ,  there are 
no dechiralization lines and all Sm C* liquid crystal is unwound due to the 
surface anchoring effect.I9 

4.3 The influence of an external electric field on Sm C* 

When E, f 0 the variation of Eq. (4) with respect to C#J leads to the elliptic 
sine-Gordon equation in two  dimension^.'^ However, in this paper we 
restrict our discussion to the simplified case in which 
(i) the changes of C#J around the disclination lines due to E, and also the 

changes of pitch po are neglected; 
(ii) the Sm C* liquid crystal is unwound near glass plates up to the 

distance 2d and in the interval z e ( - ( h  - 2 d ) ,  ( h  - 2 d ) )  the 
Sm C* sample has perfect helical structure. Then the term in Eq. (4) 

FE = - P 3 z l d z J l i 2 d x  cos (b 

is approximated as FE = -2  dpOp3, cos (Po; 
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EXTERNAL ELECTRIC FIELD ON SM C* 321 

(iii) only the interaction of the nearest +27r and -27r disclinations is 

Then Eq. (4) yields 
considered, i.e., the relation ha/po < 7r/2 is valid. 

F = Fo + F(d)  - 2dpOpJZ, cos 4 + pow, sinZ 4, (14) 

where Fo is the part of F which depends neither on d nor on 4. The 
conditions of extreme with respect to the angle 4 and to the distance d lead 
to the equations 

P&J sin c&, + W, sin & cos & = 0, 

gz = -2pOpSEz cos 4. 
(15) 
(16) 

4 = 0 , 7 r ,  (17) 
cos 6 = -P&J/W, (18) 

Eq. (15) yields 

The solution J3q. (18) corresponds to the maximum of F with respect to the 
variable 4 and therefore will not be further considered. 

The displacement d(E) of the dechiralization lines under an applied field 
corresponding to the minimum of F with respect to d follows from Eq. (16) 

Suppose first that 4 = 0 and P& > 0. By increasing E, the distance d(E) 
also increases, i.e., the disclinations move to the middle of the sample. For 
a critical field 

we have d ( e )  = h/2. The system of 227rdisclinations starts to be unstable 
for d ( e )  and their attraction prevails. The disclinations move to the center 
of the sample and annihilate each other leaving the Sm C* sample 
unwound-the transition Sm C* +- Sm C under the external field occurs. 
For a thick sample the second term in Eq. (20) is negligible, then 
(El - B34'0/2tP,I as in Ref. 18. 

When 4 = 0 and PJ, < 0, the increase of E, leads to the decrease of 
d(E); however d(E) + 0 for IE,I + + m, i.e., only an infinite field would 
shift the disclinations to the glass plates. So it is more probable that the 
molecules near glass surfaces change their orientation from 4 = 0 to 
4 = 7r under the influence of external field. For 4 = 7r and PJ, < 0 
which is equivalent to 4 = 0, PJZ > 0, disclinations again move to the 
center of the sample. In our model the switching mechanism of molecules 
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322 M. GLOGAROVA et al. 

in unwound Sm C* caused by a field is not incorporated. A few remarks 
on the possible mechanism of molecular reorientation will be given in 
the discussion. 
Our approximation (assumption (i)) neglects a change of the spiral pitch. 

The dependence of the pitchPo on the electric field could be obtained as the 
solution of the equation g, = -(dFE/ap0). A more detailed study of this 
problem is in progress. In thin samples with h < po /4a  the entire Sm C* 
liquid crystal is unwound due to the surface anchoring effect.19 The critical 
field E: to change the orientation in whole sample is the field which rotates 
molecules from the initial configuration = 0 to40 = ~ / 2  corresponding 
to the maximum surface energy 2p0W,. The electric energy needed to 
accomplish this process is 2p&PJ;. Thus we obtain 

Ei = W,/hP, (21) 

5 DISCUSSION AND CONCLUSIONS 

In Section 3 we have shown that the lines seen in our samples of 
DOBAMBC in Sm C* phase are linear defects. The structure around the 
observed lines can be successfully described by topological model of dis- 
clination pairs first proposed for Sm c *  liquid crystal in Ref. 9. 

Similar defects were seen in cholesteric liquid crystal near the surface of 
the sample.26 With cholesterics these lines were interpreted26 as the periodic 
distribution of ,y-lines (i.e., &T twist disclinations) in the distance of a 
half-pitch of cholesteric helix. 

At zero external field the repulsion of disclinations from the surface is 
balanced by the increase of energy necessary to unwind the helix of Sm C* 
which leads to the equilibrium distance of disclinations d from the surface. 
With thick samples this distance does not depend on the sample thickness. 
With samples of the thickness 2 h lower than p0 /2a  the completely un- 
wound structure corresponds to the stable state. 

The simplified model presented in Part 4 describes qualitatively the field 
induced transition from Sm C* to Sm C phase in helical Sm C* sample with 
twist disclinations. The behavior of the sample depends on the original 
alignment in the surface layers and on the direction of the field: 

1) For +,, = 0 and P,E, > 0 or (+,, = T, P,E, < 0)  and when E, reaches 
the critical value E: the induced Sm C* Sm C transition occurs by 
means of mutual annihilation of opposite twist disclinations (see Part 4.3). 
The critical field is probably lower than that given in Ref. 1 as E, = 
7r4B3/4p0p (P is the polarization). In our model the approximation is used, 
that the - + 2 ~  twist disclinations are infinite so that they come together 
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EXTERNAL ELECTRIC FIELD ON SM C* 323 

being parallel and annihilate each other simultaneously along the whole 
length. In reality, however, the pair of disclinations forms a long loop 
which disappears by shortening its length. Long segments of the loop are 
shortened faster which is seen as the shortening of lines (Figures lb, c). In 
this process the self energy of loop is reduced more rapidly. 

2) For & = 0 and &Ez < 0 (or +,, = T, P,Ez > 0) the disclinations 
move to the glass plates as it is seen from the Eq. (19) but this movement 
leads to the increase of the energy F (Eq. (14)). To decrease the energy a 
new molecular orientation & = T (or & = 0) forms in the surface layers. 
The reorientation is associated with the shift of all disclinations by p 0 / 2  in 
the x-direction. The new orientation probably arises in a form of nuclei, 
which spread through the whole unwound surface layer. During this pro- 
cess the disclinations move. When the shift is completed and the orientation 
of molecules is changed from & = 0 to & = T the disclination comes 
together as described in Part 4.3. The movement of dischations by p0 /2  
parallel to the glass plates is not experimentally confirmed. 

The process of molecular reorientation from & = 0 to & = w just 
described can be the cause of a dielectric hysteresis in Sm C* samples with 
helical structure. 

These results, though obtained under simplifying conditions, quali- 
tatively describe the Sm C* 4 Sm C transition which takes place in d.c. 
electric fields. 

Theoretical appro ache^'^^'^ which treated the unwinding of the ideal 
Sm C* structure by electric field in infinite sample gave continuous in- 
crease of po to infinity if E, increases to a critical field. This process does 
not take place in unwinding of Sm C* structure by d.c. field in real planar 
samples where the linear defects play an essential role. 

The critical field E: = W,/hP, to change the orientation of molecules in 
the unwound sample depends principally on the surface anchoring energy 
W, and not on the elastic constant B3. The dependence of E: on the sample 
thickness 2h is of the Frkdericksz type. It is necessary to have in mind that 
with unwound samples the formation and the growth of nuclei of a new 
orientation probably determine the value of switching field and it is also 
responsible for hysteresis similarly as in the switching of solid ferro- 
electrics. When hysteresis loop is observed in a.c. fields it is probable that 
the switching between two unwound orientations proceeds by means of 
nucleating a new orientation and not via helical structure. 

As noted before, dechiralization lines are the consequence of Sm C* 
helical structure in samples with planar anchoring. However, as real de- 
fects they interact with the surfaces or other defects as e.g. focal conics.'' 
This interaction is probably the reason why the distance between lines does 
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324 M. GLOGAROVA et al. 

not change in the x-direction (see Figure 5 )  under external influences. So 
the lines keep the pitch of Sm C* helix unchanged in d.c. electric field up 
to E," and also when the temperature is changed. 

In a low a.c. field the dechiralization lines oscilate in z-direction as 
described by Eq. (19), which is connected with changes of dipole moment 
of the sample. This process could be responsible for the low frequency 
contribution to the dielectric permittivity" which has been unexplained up 
to now. 

The tendency of the DOBAMBC planar rather thick samples to stay in 
metastable unwound state without electric field implies the conclusion that 
the energy obtained by restoring the helical structure is comparable with the 
energy connected with the creation of dechiralization lines which are a 
necessary consequence of the helical structure. 
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