CHAPTER VI

VERIFILAZIOR OF THE LESLIE'S EQUATICE FOR T8E
PHRESHOLD FIELD CF A TWISTED KEMATIC CELL

In n on

fa Chapter I we had considered the deformations
in a thin film Of mematic 1iquid crystal in three
different geometries urder the application of external
fields. ¥We shall now consider ancther geometry, viz.,
the deformation in a twisted nemstic cell (TH cell)
due %0 an extermal field acting along the axis of
twist. In the TE cell, the director is anchored
parallel to the glass surfaces dbut the director axis
is twisted on going from one plate to the other.
Commonly the angle of twist is $0° (about an axis
normal to the fila) (Figure 6.1(a)). A T¥ cell acts
as & retarder as well as a rotator, dDut because of
the vary largs dbirefringence, the adiabatic theorem
comag into force. In such & case a linearly polarised
beam inoident with its polarisation along (Or perpendi-
cular to) the director at the boundary travels with
its polarization always along (or perpendieular to)
the local director (Chapter 11).

Conaider a TK cell with S0° twist. The light
transzitted through this cell caun be completely out
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off, 17 tne ecell i1s sandwiched between two parallel
polarigzers with polarization direction elong 7 at
elther of the plates. FNow if a sulficlently large
magnetic field is applied along the twist axis, the
deformztion induced in the mediwa 12 such that the
director tends to be parallel (except at She bounding
surfuces) to B reaultiﬁs in the tranamission of
lignt through the syatem (Figure 6.1(b)). Similar
results could be obtained if the magnetic fleld is
replacel by an clectrie field and the nematie liguid
eryetul has positive dielectrie aniasctropy.s Schadt
and Helfrich (1971) were the first to recognige the
inportauce of such an slectro-optic effect for display

dovices.

A general theory of the deformationina
twizted nematic eaxple has been glven by Leslie (1570).
He has derived an expression for a eritical magnetio
field required to distors the sauple (Leslie threshold)
vhen it iz applied along the twist axis. 7The eXpression
involves all the three elastic constants and as we
menticned I N Chapter |f this method con be wsed to
deternive kga if we knov k., and . Since we have
mensured 4ll the elastic constanta of a number of
nenstic compounds, we have made measurements on a TH

sanple i N order to compare the experimental resulis
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w1¢th the theory. We shall now briefly outline

LESLAE L WiBOLY e

Theory

Consider a twisted nematic sample contained
between two plane glass plates. Let the rubbed
directions i n the two plates have an angle ¢, between
them. x, 1s the sample thickness. We choose the
coordinate system such that n at the first plate is
alorg X K rotates about Z axis go that at z =
n makes an angle . with the X axis. Lot a magnetic
£ield he applied along 2 exis, il.c., alovg the twist
axis so that a wesk distortion 4akes place in the
medium, in aﬁditien to the initial twisgt. AL any
distance 8, ( < xo/z from the crigin}, n makes un
angle 6 with the xy plame (figure 6.2). The
projection of n on xy plane mokes an angle p with
¥ axis. Hemce @ = &(g) a = @{z). In the sbsence

g oy o
of any e:ztermal fields 6 = G, 9 = 2(5 - §&J/§“ .

n, = cos 8 cos ¢, ny = gos € siv ¢, u, = &in 8.

Ex = Hy =0 , ﬂz = H.

#inimising the energy of the syetem (Leslie 1970)
we get ihe followirng eoupled eqguations of equllibrium:
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Pigure 6.2

Diagram explaining the definitions of the
angles e(xg and (p\a .- The sample thickness iS x

Magnetic field in applied along the twist axis (2).
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+ AXHe ginGcos © = O  (6.1)

and

2
g(a)%;g raslee)) §2- 8 « o (6.2)
where

2

£{e) = ky; cog” @ + kg, s1n @

g(e) = (kzz sos? 9 + Koq sin® e)easz o

Integrating equation (6.2), we get
(8) %% = a constant k (6.3)

Kow multiplying equation (6.2) by 2%% and equation
(6.37 by 2%4} . agding and 1ntesrath§g, we geot |

z(8) (%%)2 + 8(9)(%%)2 + Ax B® g1g? @ = a comstant c.

To find the value of 8, we can apply the boundary
conditionse.

At the mid-plare of the gaxple,

x
0 4 ; [+
Kﬂ'g". %‘0: 9-9‘ and a%uaé;’.

Hence

2 2
2(6)(%%)24» 3%37 + 0% E® 810 @ = -g-(-’gj + Axg® gin? Q, »
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f(a)(j:‘g 2. kz(z%:‘;) - E%é)) + AX H‘?(Binz e, - ain® e)

(6.4)
Integrating
e x
jn[ il }*ae 52“
- PR 2 Zr 13 = =
AXB*(sin®0 ~61n°8) + k (elf'é;) 56 J
o o
Writing sin ® = sSin @, siny , we got
/2 3
g{e) ay  x,
2 2: 8lo,) - &(®) cosd
MR® - X i
[3(8.)5(6) (s1n0_—011°6)
e
(6.5)

Now as 8‘ - 0, & — 0, and we gat an sxproession
for a eritical field H, given Dy

Ax e x2BE o wyy 4 (kg = 25003 (6.6)

Thus we see that the magnetle field-induced
dietortion starts only beyoud & threshold fleld,
which depends an the sarmple thickness, the angle of
twist ard the eiastic cornstants of the compound.
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As we mentionsd sarlier, the plane Of
polarisation Of the incident beam follows the
director as i t traverses the 7K cell. To understand
this consider o sample ~ 20 pm thick. We can
imagine the medium to bs divided into & number of
thin sections (~ 10”7 A thick) parallel to the
bounding surfeces. For a S0° TR cell, the rotation
per gection is p ~ 104 rad./em. If the birefringence
of the medium s 0.2, the phase retardation between
ordinary and extraordinary wvidrations per section is
X~ 2 x 10™3. Hence a/p s quite large. In such
a eacge, as was showna in Chapter 1, the polarization
follows the directar. ZTherefore, if the incident
polarization is along the initial director, even
when A saall fileld-induced distortion takes place
in the medium, the state of polarigation of the
emoaygent light is praoctically unshanged. A siguificant
change ccours only when a considerable 4’ stortion is
induced in the medius such that 3 and a are comparable
in their magnitudes. Thus the oplical thresheld (Ho)
is higher than lLeslie threshold (EI)' This | O faot
has been odserved by eariier workers. Wwe must point
cut here, that as the thickness of the saaple is
reduced 7 inocreases and conseguently ﬂo cozes ¢loser

to H; .
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Previous work

Cerritsma et al. (1571) measured the
capaci tance of a twisted mematic cell of MEBA in
the presence of a magnetic field applied along the
twist axis. It was observed that the capacltance
ptarted decreasing beycnd a oritical field. The
experiment was repeated for 5 thicknesses of the
sanmple. The product H x ., was tm tiozt%z %Jé‘?xtpg:tad
constant except for x, { 10 pa. [#.neo the capacitance
dopends on the alignment of n with respect to the
field and | s unaffected by the ratio /i, B, -
Bowever, it wae found that Whan the observation was
made optically the tranmmitted intensity started %o
charge sharply at a field which was higher than 26.
(Por example, for x, = 54 pm, B, ~ 508 larger
than Hc‘)

Yan Doorn (1973) made computer calculations for
the intensity of light transmission through a 78 cell
usirg the theory of de Vries {1951) with slight
modifications. The computation gave a thiockneas
dependent values for the product ono. 4s e mentioned
earliesyr, this can de eassily understood in terms of
the ratio §/x.

Berreman (1973) has also made computer
oslculstions fur the transmittance of a TH cell between
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parazllel polarigers (parsllel or perpendicular %o
mbbed directions) as a function of the apgle of
inciseilse o2 Light. The cealiouladlong showed that
the transmitted intensity changed only after the
applied field is considerably larger than the leolie
threshold.

When & field induced distortion begins in the
sanple the birefringence changes. Lehce 1f one has
an optical set up which is sensitive to &mall chatges
in the birefringence rather than changes in the
azimuth of the emergent ligh%,fﬂaslie threshold can
be detected optieally. o &h&&l deserlbe such & pod

up below.

Exnerimental

The experimentsl arrangement was the sume &
the one used for tho measurement of kg4 {Chaptor 111).
A 9% cell with twist g, = #/2 was uged. (The molecular
aligunent 18 shown in fLigure 6.1). The alignuent of
the direotor parallel to the glass surlaces was
achicved by a thin £ilm of silicon depeosited at an
obligue angle. The alignment of the sauple with
resyect do the magunetio ficld and the measuresent of
the eritical field, eta., were aS explaized in
Chapiexr II. A light beam linesrly polarised at £5°
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t0 the initial directcr was allowed to enter the

sample. Since the twist fa the sample is gmall
compared to ,tt%hg:ﬁ?retardauon the ordimary and
extraordinary vlgratiena follow the director and an
elliptically polariged 1ight emerges Oout of the
sample. A quarter wave pl ate with appropriate
orientation of its axis converts the 1light intoc a
linearly polaxized one which is then detccted Dy a
lircar analyser.

To start with, doth the gquariter wave plate
and the analyser were roiated to see a dark fleld of
view. Aas the nagretio field 1o inecreased beyord the
eritical walue, the field of view beconmes bright.

In order to compare this threshold field with
that when the polariser is parsllel to the initial
direator, the sxperiment was repeated by appropriately
rotating the polarl zer,.the analyser and the guarter
wave plate. The threshold field in this case was
found to ba larger than that detected earlier.

We have made measurenmenis on 7CB for different
thicknesses of the szemple. IJince all the three elastic
constants are available (Chapter II1) for thie compousd,
Leslie's equation {Eqn.(6.6)) could be verified.
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Table 6.1 eontains values of upx, from five
independent semples, for various temperatures. WUe
have 3 sets of wvalues for 25 pm sanplesand 2 for
50 pm gamples. The maxjimum spread ir the product
H x, at any teaperature is +3.0% (figure 6.5). In
goneral the values for the 50 um sasnple are siightly
1 Since the error in the measurement of magnetic
field 1s ~ $25 gauss, the lower the critical field
the larger is the error imvolved. Hence for tho 50 pm
sauple the error is larger (-~ 2%) compared to that
for the 25 pn sample (~ +1£). Horeover the procedurs
followad tO deteot H; was {0 decrease the field in
steps of 25 gauss and hence one tends to take slightly
lower values (but within the errcr limit) for H;.

This is2 prodadly the reason why we get consistently
lowver values of !on for -50 um sample, ¥We must mention
here that the error imvolved in thlckress measurement
is small (+ 0.1 pm). Allowing for these errors, the
product H,x 18 a eonstant at any temperature. This
indicates that the measured vslue of H, is the Lesllie
threshold.

lising k". k22 and k” values from Chapter IIX
we have caloulated the values of Bix, using equation
(6.6) for various temperaturea. The calculated

variation is shown as the solid curve in figure 6.3
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Fipure 6.3
The product of the threshold field (H,) and semple thickness
(x,) as a function of temperature. %’he different sysbele

represent the values obtuined far different samples 3
~ 25 pm (0,9,x ), ~ 50 um (0O,A), The solld CUrve shows
the variation aeccording to Leslie's equatian,
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along with the experdmental vulucs. Low tallng

tyrical values of elastic conctenis, we have Jur 76

at T =T = 10°C, kyy = 1.3 x WO, &y, = ooz R
-~ Koyl
k? = 1.7 % 10 & we see that fwmﬂsmwht) in sxulld

ra WM

pmpared to k11 Therefore in cuunticn {6.6) the major
coatribution is from k‘1. Hence the error in Luc
thecretical estimate of Kyx  is ~ x1.5  Cenciderlnr,

the gpread in the mean experiumental volue of d.x

(+37), we observe in the Ligure 6.3 thut the theorctical
and the mean experimental values wgros wiihin the

1imites of errcr. Thus Leslle's conation lo cuporie
rd ]

uentally verified.

e have also measured the opticCel threchold
in the usual optical set up. UThe polumiszer srlo wae

N4 plote ang
pet parellel to tho 4mitial dirceter. The auuiga@&

apa fotuted to observe a dark field of vidS. e the
were

paghetic £1eld was inereaped, the fileld of wiew stuarted
brightening at a field Ho. For 25 pp sample at

Poe=? = 1°0 we found ﬁg'u 1e24. For 56 pm sasple at
Bl I L

:** = 3°C, ﬁg w 1,30, Caleulstlonz of Van oonn
{107%) show tha t for x, = 54 um, the transaitted

gnteﬁﬂity for a TH cell eontalning FEDA changed fov

Yo L _ .
7~ ~ 1.4, This number agrees well witi: the wxperxdmental
L

velug. {(#e connot really compare the two in a precise
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quantitative way dbecsuse the moterial constente in
two oompounds are different.) AS we have explaiped

earlier, and as is to be expected from computer

caloulations, we obtain a thickness dependent Hy oo

Compared to the capscitance messurenent

method to detect Hy, the optical method descrited In

this seoticn is better. While in the former method

the whole sanple must have perfect allgnment, to ged

a sharp decrease in the capacity at i, in the latter
a small area with good alignment could be chosen for

observation. Moreover this minisipes any errxors Que

thicknecs

to the non-uniformity of the sanple and tezperature

A
gradients. In addition, the weasuremeny of thickness

by optical method is quite acourate.

Corglusions

1

An optical set up comnisting cf a polarizer,

"%/4 plate and analyzer sensitive to small changes

in the birefringence ¢f the sample has bteen used
to get the Leslie threshol d.

The experimental values of beo agree with those
calculated using lLeslie's equation within the
experimental errors, thus experimentally esteblilshing

Leslie's equation,
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3 The optical threshold determined by the usual
method 18 dependent on the, thickmess of the

sample. This | a in accordance with the caleculations

of Van Doorn.

4 fThis optical method in which messurementa could
be confined to a small region of the sauple is
probably more acourate than the cupacitance methoed
which senses the gross property of the whole

cell.
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