
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 21:59
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Freedericksz Transition in a Planar
Nematic Cell and the Surfacelike Elastic
Constant Problem
Alexei D. Kiselev a & Victor Yu Reshetnyak b c
a Chernigov Technological Institute, Chernigov, UKRAINE
b Surface Chemistry Institute of the National Academy of Sciences,
Kiev, UKRAINE
c Faculty of Mathematical Studies, University of Southampton, UK

Version of record first published: 04 Oct 2006

To cite this article: Alexei D. Kiselev & Victor Yu Reshetnyak (1997): Freedericksz Transition in a
Planar Nematic Cell and the Surfacelike Elastic Constant Problem, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 301:1, 437-447

To link to this article:  http://dx.doi.org/10.1080/10587259708041800

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708041800
http://www.tandfonline.com/page/terms-and-conditions


iMo1. Crysr. Liy. Crj:v/.. 1997, Vol. 301. pp. 4377447 
Reprints available directly from the publisher 
Photocopying permitted by license only 

.t 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

FREEDERICKSZ TRANSITION IN A PLANARNEMATIC 
CELL AND THE SURFACELIKE ELASTIC CONSTANT 
PROBLEM 

ALexEI D. KISELEV 
Cbemigov Te~hnological Institute, Chemigw, 

VICTOR Yu RESHEl"YM 
Surfim Chemistry InatiMe of tbe N a t i d  Academy of Sciences, Kiev, UKRAINE 

Abshret On tb baais Of local atability &iS WB have &did how the splay- 
bendtbnn, that is lrnownaa theK,-teom, influences FlEdXkhZ onrnsitian in a ne- 
matic liquid cayatai (NLC) twmiwhd tx3tweatwoparallel plates. Twocasea are 
camsideaed: (a) the himtropic adarhg is f i d  at bath walls and magnetic 
field is assumedtobe pamllel tothe confinins slafircea; (b) thebolmdary conditions 
are planar and themapetic fmld is m m a l  tothe walls. Undsrcertainconditiona it 
is hund that the splay-bend team can change the ader of the Freedeaickaz transi- 
tion. Inpmrticlllar, we encounter the bistability induced by the term. 

#PIWmtaddreas: 
Faculty 0fMatkunatical Studiea, University of Soutbampton, UK 

INTRODUCTION 

In our recedt papera'" we have studitxi how the surfacelike elastic terma, h w n  as the 

&4 - and K I ~  -terms, a!kt stability of the axial director cdiguration of a m t i c  liquid 
crystal (NJX) canfiosd to cy- cavity within the appaoach givm in'. 

ItwaashownthattheK24-term playsasigaikatpattinthetheorydcanbeerirri- 

The M not the case as far a6 the K*s-team is d. The fiw Bner8y fimc- 
ti& with the KI3-team i~ unbo\mded h below4, what 8ccounfs fix the infinitefy 
rrtroeogm* dimctordefbamationa (olh-paradax)'. 

h s  thetbsoay that will be eanplqd in this paper. 

- 5 - 6  ly incorporated into the fi-amwd of the Eulm-Lagrange fomahm. 

Leaving aside the discussion of difikmt appmacba to the problem, we briefly ad- 
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STABILITY ANALYSIS 

Fs = -$n W e,)’ 
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F m  Fb + S2F= -W + S2FQ t S2F, (4) 
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FwF, +8'F=-- X d H Z  d +S2Fe +S2F, 
2 
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BISTABILITY INDUCED BY THE SPLA Y-BEM) TERM 
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0 2 3 4 5 
Wl W 

FIG.l "b&ol& t ( k  (d id  lb) and U, (lins markbd 88 -..-..-) VB w at 
K13 =O.8K. Tbs bmosa(ropnc * (planar) omfiguratioa ir locally stable at 
u c u k  (u > up). The planar stmdum is hvorable in e n q y  0ve.r the homeokpic 
aneatmetheliueu=fi(daehsdline). 
Let us make weof ~ o m e  m p m m t d y  OMainSd data to BBB if the bistability @on 

canbe e!imxmtered i n d  systsms. ofspecial intsasatarethebstimatss rspartsd in", 
where s~&=nematic f i h  ~ e d b  s t u d i e d t o e  the statua afthe K 1 3 - m  Siace 
K13 was folmd to be negative, K13 M -0.4K11, WB proceed with the Frseckaicksz transi- 
tion in planar geometry ammingth, rslavant oonstanfe taketb Mowing- (5CB): 
Krt = 6.3 x 10-I2N, K33 = 1.41K1,, W =  8.3 x 10dJ/m2 and d =  0 . 5 ~ .  The 
dbmrrninnlann parsmdea w then can he estimated at about 0.234 ad, as shown in Fig.2, 
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its d u e  is less than w1= 1.2. Thus tbe bistabilityregion is h n d  to exist uodathe 
e - 0  

to make c4mprkm be4wem its aragies bawd an uplicit SOMW to the me€- 
LasrangeequatimwitbintheczoMmscant~~m (u, = u3 = u). 

To get someideaofwhat antk dirrctor states involved mtranSitian it is instructive 

2.0 - 

1.5 - 
, u  

0.0 0.2 0.4 0.6 0.8 1.0 
m 

I 
8 I 8 I 8 

n = cose(z) - e, + sinwz) - ex 
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-. 
-0.10 1 - _ -be.- . 
-0.15 - 
-0.20 = 

-0.25 - 
-0.30 - 
-0.35 - 
-0.40 = 

-0.45 - 

. 

m 

AFd/ZK 

- 1  
- 0 . 5 0 ~ * ,  I I , , f  

0.0 0.2 0.4 0.6 0.8 1 .O 
m 

FIG.3 Tbsfitsesmrgy oftb &fixmedclirectorcu&gmtm . (20), CaMtSd W the 
homemu+ struchae e4mgy, 8s a hmtionofm st K13 = 0.8K fix varicwe duos 
of w a n d u : ~ = 3 . 0 ,  u=1.86 (8Olidline);w=2.2, u=1.5 (dadmiline); 
~ = 2 . 5 ,  ~ ~ 1 . 6 3 3  (lins-~-..-..-). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
1:

59
 2

0 
A

ug
us

t 2
01

2 



446/[986] A . D .  KISELEV A N D  V.YU. RESHETNYAK 

DISCUSSION 
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