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N onl inear reorien tation pheno mena in nemati c li quid crystals cause ex-

tremely large refracti ve index changes. H owever , this e˜ect is relatively slow
and the determination of the time necessary to app earing or disapp earing of
the nonlin ear e˜ect is an imp ortant issue. I n this wor k w e present measure-

ments of the time of increasin g the nematics reorientation induced by the
light beam passing through the liqui d crystallin e layer. T he inÛuence of ex-
ternal low -frequency electric Ùeld suppressing reorientation is also rep orted.
T he obtained results describing relations betw een time and optical power of

light as w ell as betw een time and external electric Ùeld intensity are in good
agreement with theory .
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1. I n t rod uct io n

Li qui d crysta ls are wel l known ani sotro pi c m ateri als and thei r pro perti es were
analyzed in m any books and papers [1, 2]. In the last years the growi ng interest in
new appl icati ons of l iquid crysta ls is sti l l observed. Nem ati c l iquid crysta ls are also
excellent media in nonl inear opti cs. They have the giant opti cal nonl ineari ty due
to reorienta ti onal phenom enon, whi ch is not observed in other typ es of m ateri als.
The m ain drawba ck in appl icati ons of reorienta ti onal nonl ineari ty in nemati cs is a
relati vel y low ti m enecessary to appeari ng and di sapp eari ng of the nonl inear ẽ ect.
In thi s paper the deta i led m easurem ents of the relaxati on ti m e of appearing the
nonl ineari ty is presented.

The reorienta ti on nonl ineari ty can be changed by externa l low-frequency
electri c Ùeld whi ch m odiÙes the value of nonl inear refracti ve index and also the
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ti m e of app eari ng of the nonl inear e˜ect. In thi s work we present exp erimenta l
resul ts of inÛuence of electri c Ùeld on observed nonl ineari ty .

2 . T heor y

The reori enta ti on pro cess is inv estigated in the nemati c l iquid crysta l l ine
cell wi th homeotro pic al ignm ent (Fi g. 1). The di recto r n , deÙned as the mean
di recti on of molecules long axi s, changes locally i ts di recti on due to both opti -
cal and electri c externa l Ùelds [1, 2]. In the analyzed conÙgura ti on electri c Ùelds

Fig. 1. Light propagation through the nematic Ùlm w ith appli ed electric Ùeld. Director

n deÙnes the average direction of long axis of the liqui d crystal molecules.

and di rector at bounda ri es deÙne one plane tha t al lows to intro duce an angle ˚ :
n = ( sin ˚ ; 0 ; cos ˚ ) ; whi ch describes the ori entati on of l iquid crysta ls. The inter-
acti ons between m olecul es as well as between molecules and externa l Ùelds lead
to app eari ng of new equi l ibri um state. Af ter m inimi zati on of the to ta l free energy
from the Eul er{ Lagrange{Rayl eigh equati ons the change of the ori enta ti on angle
˚ i s obta ined in the f orm [1, 2]:
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o i s the opti cal ani sotro py described by extra ordi nary n e and
ordi nary n indi ces, Â " = " À " i s the electri c ani sotro py described by para l lel
" and perpendicul ar " part of electri c permi tti vi t y, " 0 is the perm i tti vi ty of
the free space, K i s the elastic constant (in one-elasti c constant appro xi mati on)
resul ti ng from the l iquid crysta l l ine elastic deform ati on, and Û i s the rota ti onal
vi scosity of l iqui d crysta ls. The electri cal Ùelds are denoted as E for opti cal Ùeld
and E f or low-frequency one.

Assum ing smal l reorienta ti on sin ˚ ¤ ˚ in hom eotro pic stro ng ancho ring
al ignm ent ˚ ( x = 0 ) = ˚ (x = d ) = 0 , one can Ùnd the sim pl iÙed soluti on in the
form ˚ (x ; t ) = ˚ 0 exp ( t =§0 ) sin ( ¤ x =d ), where the relaxa ti on ti me §0 i s deÙned by
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The reorienta ti on begins for §0 > 0 , whi ch requi res tha t opti cal Ùeld is larger tha n
the thresho ld value
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One can expect a sim i lar relati on to thi s described by Eq. (2) if the inci dent l ight has
Ùnite size di mension. General ly, the laser sources have the Gaussian-shape beam
wi th the electri c Ùeld intensi ty distri buti on in the form E 2 ( r ) = E 2 exp( À 2 r 2 =w 2

0 ) ,
where w 0 i s the beam waist. W i th smal l reorienta ti on angle appro xi mati on, the
steady- state distri buti on of the angle ˚ i s now described by the relati on ˚ ( r ; x ; t ) =

R ( r ; t ) sin( ¤ x =d ) , whi ch sati sÙesthe stro ng anchori ng condi ti ons ( ˚ = 0 for x = 0

and x = d ). The tra nsversal proÙle of reori enta ti on in one-constant appro xi mati on
ta kes the form [3{ 5]:
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where r i s the radi al coordi nate. In a case of small reori entati on (R 3
§ R ) the

am pl i tude of tra nsversal pro Ùle R can be appro xi mated by the Gaussian shape and
the sim pl iÙed soluti on in the form R = R 0 exp ( t= § ) exp( À r 2 =w 2 ) can be assumed.
The corresp ondi ng relaxati on ti m e § i s respecti vel y deÙned by [6]:
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The relaxati on ti m e § corresp ondi ng to the Ùnite size beam has a sim i lar depen-
dence on electri c Ùelds l ike relaxati on ti m e deÙned for plane wa ve § 0 . Because the
intensi ty of l ight beam is dependent on the tra nsversal coordi nate r , the ti me § i s
also changing across the l ight beam . Addi ti onal ly, the relaxa ti on ti m e is dependent
on the wi dth w whi ch is dependent on the l ight beam wi dth w 0 . Thi s m eans tha t
the ti me of increasing and decreasing the nonl inear reorienta ti on in the l ight beam
center depends on the l ight beam wi dth.

3. E x per i m en t a l

The theo reti cal predi cti on wa s checked in the experi menta l setup presented
in Fi g. 2a. As the light source we used semiconducto r laser at wa velength 842 nm ,
whi ch was pi g-ta i led wi th a single m ode Ùber. Af ter focal izing the beam waist
wa s equal to 5.3 ñ m and the focus wa s placed at the hal f of the cell thi ckness.
As a l iquid crysta l we used 4-tra ns-4 0 -n -hexyl -cycl ohexyl -isothi ocyanato benzene
(6CHBT). The behavi or of the nemati c layer of thi ckness 60 ñ m was observed
sim ulta neously by the CCD cam era and the detecto r wi th 2 m m aperture set in the
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Fig. 2. Observ ation and detecting of nonline ar reorientation time of response of nematic

molecules caused by external electric and optical Ùelds: (a ) experimental setup and

(b) typical di˜ractio n image w ith added black circle marking the positio n of detector.

Fig. 3. Metho d of extrap olatio n of the nonlinea r reorientation time from experimental

data.

pl ace of app eari ng of m inimum interf erence ri ng (see Fi g. 2b). The low-frequency
electri c Ùeld was obta ined f rom the square f uncti on generato r.

In Fi g. 3 the response of the nemati c lay er on swi tchi ng of the laser to the
power of 51 m W for 27 seconds is presented. Fi rst, the opti cal Ùeld generated three
m inimum interf erence ri ngs (com pare wi th Fi g. 4). The appearing of the fourth
interf erence ri ng was blocked by existi ng electri c Ùeld at 8.3 kV / m and in the
end of measuri ng gate i t disappeared. The dyna mics is especial ly im porta nt in the
ini ti al reori entati onal pro cess, theref ore we take into account onl y the period of
ti m e needed to achieve the Ùrst m axi mum (zoom ed frame in Fi g. 3). The data in
Fi g. 3 was Ùtted by the exponenti al functi on y = À 0 :0 6 + 0 : 0 6 exp( t= § ) .

The inv erted ti me § dependence on square electri c Ùeld for di ˜erent values
of input l ight power is shown in Fi g. 5. The obta ined inverse proporti onal rela ti on
of characteri sti cs f ul ly agrees wi th the theo reti cal predi cti on made in Eq. (4). The
ini ti al perturba ti ons were a result of instabi l iti es of generato r, and they are not
essential for m aki ng the trend of curve shape.
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Fig. 4. T ime dep endence of output beam in di˜ractio n image cross- section due to

sw itching on the laser.

Fig. 5. Relation of inverted reorientation time vs. square electric Ùeld for di˜erent

values of input light pow er.

The square opti cal Ùeld can be easy tra nsform ed into opti cal power, and
the inv erted ti m e § shoul d be proporti onal to the power. The resul ts presented in
Fi g. 6 conÙrm thi s relati on. The inÛuence of the smal l changes of input light power
and v alue of the appl ied electri c Ùeld on observabl e appeari ng and disappearing
of new m inimum interf erence rings is presented in Fi g. 7. The numb er of vi sible
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Fig. 6. Relation of inverted reorientation time vs. input light power for di˜erent values

of square electric Ùeld.

Fig. 7. InÛuence of small changes of input light power and value of applie d electric

Ùeld on observ able app earing and disapp eari ng of new minimum interf erence rings.

m inimum ri ngs decreasesrapidl y if we put electri c Ùeld strong enough or the input
laser power to o smal l.

4 . Co n cl usion s

It shoul d be noted tha t we m easured ti m e of appearance of the interf erence
ri ngs, whi ch is not exactl y the rel axati on ti m e described by Eq. (4). Ho wever, the
exi stence of rings is determ ined by the phase di ˜erence between the center and
the edge of l ight beam outco m ing from the nem ati c layer. Thi s m eans tha t the
m easured ti m e is roughly equal to the relaxa ti on ti me deÙned by Eq. (4) in the
beam center § ( r = 0 ) .

The obta ined resul ts show tha t the measured ti m e is dependent on the elec-
tri c and opti cal Ùeld as deÙned by relati on (4). By using these relati ons i t is possible
to m easure m ateri al consta nts in nem ati c l iqui d crysta ls: elasti c constant K and
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rota ti onal vi scosity Û . The m easured values are in good agreem ent wi th m easure-
m ents obta ined by other m etho ds. It seems tha t the proposed metho d gives better
resul ts tha n the metho ds based on determ inati on of the thresho ld power.

In our experim ents the low- frequency electri c Ùeld suppresses the reori enta-
ti on. As a result the increase in the appl ied Ùeld intensi ty causes increase in the
ti m e of appearance of the nonl inear e˜ect. Ho wever, i f the low- frequency electri c
Ùeld supp orts the reori enta ti on the relaxati on ti me wi ll be reduced. Such metho d
of increa sing the speed of nonl inear e˜ect can be appl ied for exampl e in nem ati cs
wi th negati ve electri cal anisotro py.

Ac kn owl ed gm ent s

Thi s wo rk was parti al ly supp orted by the State Co mm ittee for Scienti Ùc
R esearch under the grant No . 4 T1 1B 026 22.

R ef er en ces

[1] N .V . Tabiryan, A .V . Sukho v, B. Ya. Zeldo vi ch, M ol. C r yst. L i q. Cry st. 13 6, 1
(1986).

[2] I .C. K hoo, S.T . W u, Opti cs an d N on li near Opti cs of Li qui d Cry stals, W orld Sci-
entiÙc, Singap ore 1993.

[3] I .C. K hoo, T .H . Liu, P.Y . Y an, J. Opt. Soc. A m. B 4, 115 (1987).

[4] W. K . Ba j decki, M. A . K arpier z, Ac ta Phys. Po l . A 95, 793 (1999).

[5] H .L. Ong, Ph ys. Rev . A 2 8, 2393 (1983).

[6] W. K . Baj decki, M. A . K arpierz, in: Pr oc. X I V Conf. on Li qui d Cry stals: Chemi stry ,

Ph ysi cs, and A ppl i cat io ns, Eds. J . Rutkow ska, S.J . K losow icz, J . Zieli nsky ,
, Vol. 4759, 2002, p. 350.


