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ELBCTRIC FIELD CONTROL BISTABILITY AND LOCAL 
J?FBDERICICS TRANSITIONS I N  KEJ;NTIC LIQUID 
CRYSTALS 

V I ICEIATAYEVICEl , S . A PIKIN* and. A .  A .  ABBAS - ZADEII 
Sc i en t i f i c  and Industr ia l  Association f o r  Space 
Research, Baku 370106 USSR 
* Ins t i t u t e  o f  Crya t aliography , Moscow, USSR 

Abstract The p o s s i b i l i t i e s  of obtaining different  
ne.t;asta%le or ientat ional  s t a t e s  i n  nematic layers  
and. control by the e l e c t r i c  f ie ld  of local Prede- 
r icks  t r ans i t i on  k ine t ics  a re  shown. The theoret i -  
ca l  substantiation of the obtained. r e s u l t s  are 
given 

T h e  problems of  b i s t a b i l i t y , m e t a a t a b i l i t y  a n d  
s ta te- to-s ta te  t ransi t ions '  s2in nematic l iquid c rys ta l s  
(NLC) a r i s e  from the stud.y o f  loca l  Fred.ericlrs t rans i -  
t i o n ~ ~  which a re  usually realized by varying the KLC 
sample thickness of f i n i t e  anchoring energy V3 
changing 'd with tornperature*.It i s  shown' t h a t  rever- 
s ib l e  change of i n i t i a l  homogeneous or ientat ion can be 
obta ined  by excit ing i n  MLC with ' t v ~ e ~ ! ; ' l  surface aiicho- 
ring the auto-waves of  the t r ans i t i on  t o  orientat ional  

Such auto-waves a r i s e  froin the l o c a l  centres a t  U> 
U2>>Uth,vthere U 2  i s  the threshold of DSl'd2, Uth i s  the 

threshold of electrohydrodynarnic (EI-LD) i n s t a b i l i t y  and 
propagate i n  t h e  layer  plane. ih t h i s  paper the kine- 
t i c s  of  d i f fe ren t  metastable s t a t e s  obtained by ahor t -  
terms DSM2 excitation i n  llweakrl anchoring ce l lo  i s  
studied 

8-30,4ni i n  sand.wich c e l l s  are studied.. The c e l l s  with 

o r  

chaos (aecond.ary dynamic scat ter ing mode (DSM2)) 7-9 . 

The LBBA and QlBBA+EBBBA 1,iixtures w i t h  .thickness d=  

[519]/83 
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W5mI V. I. KHATAYEVICH ET AL. 

"weaktt anchoring were obtained c i the r  by cornbining the 
method of  chemical purif icat ion and rubbing of surfaces 
o r  by rnethod d.escribed in'*.Phe deviation of d i rec tor  
a t  the angle 8 from axis  X (easy direct ion axis) was 
estimated according t o  the change of opt ical  phase 
delay. 

F I G U R E  1 (a)  Frequency d.ependence of the thres- 
ho1d.s U;, and Us. ( b )  The control scheme of  the 
b i s t a b i l i t y  i n  "weakt* anchoring a d l s  

The typica l  frequency dependences of thresho1d.s Uth 
and. U2 and. control b i s t a b i l i t y  scheme a re  shown in Pig. 
1.The s t a t e  with planar (I) orientation i s  real ized a t  
f>&0.5fc,that w i t h  t i l t  (11) orientat ion i s  realized, 
a t  f'cf' ,where f c  i s  the c r i t i c a l  frequency.The s t a t e  1 
as  the s t a t e  I1 can be more stable.The s i tua t ion  when 
the areas with d . i f  f ereiit or ientat ions a re  in  equi l ibr i -  
um f o r  a long time i s  possible.The scherne of the inves- 
tigated. s i tua t ions  i s  shown on Fig.2.Depending on the 
i n i t i a l  s i t ua t ion  the growth and. collapse of nuclei  of 
new phase occur,However,even i n  energetically p r o f i -  
t ab le  s i t ua t ion  only the nuclei  of R>Rc s i ze  can grow, 
where R, i s  the c r i t i c a l  s i ze  of nucleus.At R<R, the 
nuclei  are collapsed, with the velocity (v=dR/d.t< 0) in- 
creasing with d.ecreasing R ( inser t  on Pig.3). 
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MCAL FREDERICKS TRANSITIONS 

c , 

[521]/85 

C d 

FIGURE 2 Different studied. s i tua t ions  (R>>R ). 
The effect  of  e l ec t r i c  field. o n  the kinetic8 of  
the  process i s  shown by big arrows. 

It was f o u d  t l in t  e l e c t r i c  f i e l d  can control t h e  
velocity v and. the d.irection of  process evolution (see 
Fig.2).Electric f i e ld  ( f > f c )  induces the Fredericka cf- 
f e c t s  f o r  s t a t e  I1 and the angle@ smoothly decreases 
with U increased from@Ovalue to quasiplanar orienta- 
t ion  a t  U38V.It i s  seen froin Fig.3 tha t  with increase 

(curve 3 )  and collapse (curve 2 )  f o r  s i tua t ions  a and 
c i n  Fig.2.The system s t ab i l i ze s  (v=O) a t  some volta- 
ge U=U,.With increase U>Uc the  d i r e c t i  
ce s s  i s  changed and t,he velocity v i s  kicreascd. 

of U)O velocity v decreases i n  respect with growth 

of the pro- 

As it was seen from the experiments the existence 

conditions of "weakt1 anchoring.The difference b8=?V2- 

W, has any s ignofhe minima and \V2 a re  
divid.ed by pot eii t ial  ba r r i e r  Ym.Yiithin the f r a f i~e~~or l i  
of the theor7 of nucleus generation i n  homogeneous rile- 
tas tablo phase' , the thermodynamic probabili ty of  gene- 
ra t ion  of nuclei  o f  one of  two or ientat ional  s t a t e s  
with R<Rc s i z e  i s  proportional t o  ttequilibriun" d i s t -  
r ibut ion function of nuclei  of  d.iffcrent sizes; 

of two local  minima of energy Ti i s  possible i n  the 

of  energy "J 1 
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FIGURE 3 Voltage d.ependence of the velocity v. 
(curve 1 corresponds t o  F i ~ . 2 b ,  curve 2 corres- 
ponds t o  F i g . 2 ~  and curve 3 corresponds t o  F i  . 
(corresponds t o  Fig.2a a t  R<Rc). 
2a.Insert-dependence o f  v on diffcoence(rc-r F 

f,,(R) - e%p c- Amin ( P ) / T l #  
where Arnin i s  minimal energy f o r  obtaining nucleus of 
cyl indrical  form with rad.ius R and height d.In o u r  case 
the d i f fe ren t  nuclei  a re  formed due t o  exci ta t ion and. 
relaxation of DSM2 regions .Let us consid.er the situuo- 
t i o n  when the med.iwn i s  i n  metastable s t a t e  1,and. the 
nucleus has the s t a t e  I1 w i t h A W O  ( see  Fig.2a). Ap- 
plying low e l e c t r i c  field.  E the gain i n  energyAFi of 
cylindzical nucleus i s  

where &<O is  the d.ie1ectri.c aniaotropy.The l o s s  i n  
energy QF2 due t o  nucleus wall i n  which the or ien ta t i -  
on of d i rec tor  changes from @,to zero i s  

where K i s  the e l a s t i c  constant and 6 i s  the wall width  
For c l a r i t y  propose 021 .The energy of Amin can be w r i t -  

AF,= (dW-dE~E2S; ,2Bo/2 )~~P,  

AF* = [Kd(8,/5)*/2 + wml 2vR& 
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LOCAL FREDERICKS TRANSITIONS [5231/87 

ten as Amin=APl+4F2.The critical value of radius R=Rc 
corresponds t o  the maxirnum of energy AInin 

Rc=(.dK8,8 2 - 4  + P K 6 ) / ( d f , E  2 2  0 0 - 2 ~ w )  ( I )  

Amin= C Q P S t  - v[2AW- dEQE 2 2  80 )(R-RJ2/2 

V- QdAmio fdR=ra(d€,E 2 2  @o - 2AW)(R-g,) 

n c ar whi ch 

The  velocity v=dli/d.t can be evaluated as 

i-ihere a is some constant d.epending on tenperatme. 
Accord.ing to (2) certain critical value is 

(2  1 

Ef= 2AW/dEa8,2 ( 3 )  
at which the nucleus is stabilieed.Thi8 situation cor- 
responds to curve 3 Zn Fig.3.Frorn ( 3 )  the difference 
PYk5 10-3erg/cm2 can be evaluated, at 6,=-0.46, d = l O ) m ,  
Uce2V and. @oz 0.7.The detailed. descriptions of experi- 
1,iental a n d  theoretical results will be done la te r .  
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