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Abstract 

The 

applying 

change or the electri c  

al ternating electr i c  field 

ls l nvest.l gated 

fi l m  ( t.hlckness 

when l s  
-s 

d=3 • to m) 

or t.he THC-1285 nemat.l c  phase , 

birefri ngence 

on a t.hln 

product.I on of "Herek 11-W. Germany. The 

l nvost l gat. l on has been taken In ncmnt.l c  phase , for throe temperatures. 

From t.he measurements are oblal ned lhe opt i cal contrast and the r i se and 

decay t. l mcs of the mo l ecules of t.he l lquld crystal . Elast i c  splay constant. 

1
1 1  

ls calcul ated by means or decay and rise t imes for temperatures 

T=295 . Bl; T=309 . 2l .  

1 . Introduction 

In order to invest igate the anisotropic propert ies and the character

of the opt ic behaviour lt ls necessary to orient · the l iquid crystal 

molecules towards to the wal ls of the cel l  /1/, If the polarlzer and the 

analyzer are · crossed ( the angle between them tlr=Il/2) ,  and the angle  between 

the polarlzer ( the incident beam· polarizat ion vector ) and project ion of 

the nemat ic opt ical axis on the electrodes plane ( the init ial direct i on of 

the nemat ic l iquid crystal director) ls �. then the transmi tted l ight 
2 28 lntensi ty I is /2, 3/: I = I sin 24> sin - ( 1 )  

0 2
where: c5 = 2n (n -n ) 

i\ er r  o d = � d<.6n> , ( 2 )  
i\

1
0
-lntensity of the incident l ight with wavelenght i\, n

0 f,-n
0
=An is

difference between refractive indexes for the extraordinary and the 

ordinary beam, n
0ff and n

0 •

I f  we assume that the nemat ic fi lm consists of several homogenous sub­

groups of molecules which are oriented in angle i nterval At/>, then ( 1 ) 

becomes : 
2 2a I = I <sin 24>> sin  -

0 2 
( 3 )  

where < . . •  > is angle averaging over At/> that corresponds to any subgroup of 

molecules ln the effect .  
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If we assume that the nemat ic film ls thin, the birefringence at 

crossed polarlzer and analyzer ls: 

An = n -n =Cn -n ) sin28 ( 4 )  
cff o e f f  0 

where 8 ls the angle between the init ial director orientat ion of the 
nematic fl lm and the e l ectric field direct ion. 

According to ( 3 )  and (4 ) ,  the transmitted l ight intensity through the 
film change from some maximal up to minimal value, changing sln2

� from 1 to 
2 

0, depending on the degree of defromatlon of ordered layers. 
The contrast of the l lquld crystal fl lm transmission K ls :  

1 - 1 I +U - 1
K = __ o = o o = �

. CS )  
I I I 

0 0 0 

where 1
0 

ls the transmi tted l ight intensity through l iquid crystal film

without electric field, and I ls the transmitted l ight intensity wi th appl ied 

electric field. 
The relat ion between the threshold vol tage U

l
h= E

l
h· d at deformat ion of

l iquid crystal with thickness d, the elastic constant K
11 

and the dielectric
constant c11-paralel  and c.1-normal on the long molecular axls is given by 
equation: 

u
th= n

[ 
4UK1 1 

]

1

/2 cs> 
c

11 -
c

.1 

The t ime required for reaching the constant part of the efect , 11 rlse t ime" 

(T
rlsc

) and coming down, "decay time 11 (T
rai

l )  at voltages up to threshold

voltage ls given with: 
4U7 1d2 

't = ( 7 )
r 4cU2-4U3K

--,

2 1 1

't = � (�) • ( 1 1 )  
r K II 

1 1  

1' - coefficient of the l iquid crystal dynamic viscosity. 

2. Experiment

Electro-optical effects can be observed in nemat ic fi lms with thickness 
from 5 · 10-8m to S · 10-6m placed between two cond�ctlng glass e lectrodes, wlth

t E In
2
0

3 
o.; Sn0

2 
f1 lm wl th Ri=300Q/cm2 

+
l
o O o

,
- � ij /1/. For nematic l iquid crystals with

0 Q
;o O O 

+ 0 °0 
-

positive dielectric anisotropy 

Q Q O
O

O 
O • (4c=c11 -c

.1
>0) , planar orientat ion ls

0 0 0 0
0

0
0

0 
0 0 

necessary C 8=0) . J t can be made by rn
0 0 0 o o o solut ion of PVA in H

2
o (Fig. 1 .  a) . In

a)  6) case of negat ive dielectric anisotro­

py (4c=c
11
-c .1 <O) ,  homotropic orlenta-

Fig. 1 tion ls necessery (8=U/2) .  I t  can be



made by lY. solution of l ic i t in in chloroform ( Fig. 1 . b ) . 

According to the specificat ions from the firm "Merck" , the 

investigated l i quid crystal TNC-1285 shows the fol lowing 

characterist ics: it ls nemat ic phase at temperatures from -3°C to +68°C;

llc=c11 -cl.=+13. 8 at 20°C and v=lkHz; An=+0 . 18 at 20°c· and A=589nm. I ts

kinemat ic viscosity coefficient 7=36. 4mm2/s at 20°C.  The fi lm  with

thickness d=0 . 03mm ls placed between conduct ing glass electrodes with Sn02
fi lm. The f i lm  thickness ls determined by placing a teflon l imi ter between 

the planeparal lel glas- plates. 

The principal scheme of the aparatus for observing l ight birefringence 

in  nemat ic crystal ls given in  Fig. 2 .  

A/4 A 
He - Ne 

1 

Flg. 2 1 .  He-Ne laser; 

2 . cel l ;  3 .  A/4-plate;

4. Nico l  - prism;

5. si l icon photo - diode;

6 .  osci l lograph;

7. al ternat ive e lectric

f'leld generator

The invest igat ions have been made for three temperatures: 295 . BK; 309K; 

316K. The temperature was measured with preclson of 0 . 1°C.

3. Results and discussion

The fo l lowing figures are osc i lograms recorded at given vol tage and t ime

prec ision, when al ternat ive electric field wi th different strenght and 

frequency v=SOOHz ls appl ied on nemat ic l iquid crystal fi lm.

Flg. 3 .  T=31S . 7K; U0r
=0 . 39V; v=SOOHz. Recorded at 2V/d1v.  and lms/div.  on

the osci l lograph. 
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Fig. 4 .  T=309K; Ucr=0 . 18V; v=500Hz. Recorded at lV/dlv.  and Sms/div .  on

the osci lograph. 
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Table 1 

295 . BK 

U ( V ) Tf ( s ) T ( s )
c f  r 

0 .  19  2 . 43 3 . 40 

0 . 32 3 . 20 1 .  30 

0 . 39 3 . 46 

o .  4 1 3 . 59 

d . 49 4. 18

1 .  06 4 . 56

1 .  42

7 . 09 -- ---
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The curve contrast KY. , ver­

sus appl ied voltage with 

frequency v=SOOHz at tempera­

ture T=295. 8K obtained from 

( S )  is given in Fig S. The 

resul ts for t imes Tr and Tr
are shown ln Table 1 .  From 

the contrast curve ( Flg. S )  is 

obtained the threshold vol ta­

ge ( U
th =O . 35V )

309 . 2K 3 16:-7K-

Tf ( s )  T C sT ___ --T-(s) r f 

1 .  42 2 . 2 1  

1 .  8 1  0 . 6 1  0 . 62 

0 . 68 

0 . 7 1-



The results for the e lastic  constant K11 for the molecules of the l iquid

crystal are shown in Table 2. 

Table 2 

295 . 8K 309K 
�e r ( V � �

!.

( s �,�- 1 2ITT � KJW- 1 2ITT 0J KJW- 1 2ITT � K
1
po- 1 2ITT

0 . 19  2 . 43 1 . 35 3 . 40 0 . 93 1 . 42 2 . 3 1  2 . 2 1  1 . 45 
o .  32

_ 
3 .  20 

_ __ 
1 .  03 1 .  �o 2. 39

-· ·------·--�--.... -----

The electro-opt ical signal ls not modulated when the appl ied 

al ternat ive electric field wi th frequency over SOOHz ls under the 

threshold vol tage ( Fig. 4 ) .  Threshold voltage decreases with the i ncreasi ng 

of the temperature of nemat ic l iquid crystal . We get modulated 

electro-opt ical signal for alternat ive electric field with frequencies 

over SOOHz and appl ied vol tages over treshold  vol tage ( Fig. 3 ) . Thi.s shows 

that for appl ied over threshold vol tages there are orientat ional effects 

in the nematic  f i lm  that are combination of S-, B- and 

T-deformat ions/1 , 4 , 5/. In addit ion. this shows that it ls possible  to

registrate phase difference of the transmi tted e l lpt ical polarized l ight

as a resul t of the l nverze flow ln the nematic film. The obtained values 

for the constant K1 1 
gradual ly decreases by increasing the appl ied

effect ive voltage at given temperature . It ls ln agreement with the 

results of K11 for different types of nemat ic l iquid crystal . 
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