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POLARIZATI ON PROP ERTI ES OF
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Polarization prop erties of liqui d-crysta l core optical Ùbers have been in-
vestigated . T he liqui d-crystal Ùber is characterized by ellipti cal anisotropi c
core w ith low biref ringen ce liquid crystal intro duced by capill ary axis. T he
pap er presents also initial experimental results of the liquid- cry stal Ùber in
the p olarimetri c conÙgurati on subj ected to the inÛuence of selected p ertur-
bations.
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1. I n t rod uct io n

Bot h opt ical Ùbers and l iquid crysta ls exhi bi t parti cul ar polari zati on proper-
ti es. Li quid crysta ls possesshi gh opti cal anisotro py and thei r macroscopic opti cal
pro perti es can be easily al tered by externa l f actors such as tem perature , pres-
sure, electri c Ùeld, m agneti c Ùeld, and opti c Ùeld. Al l these properti es m ake l iqui d
crysta ls attra cti ve for many appl icati ons.

In the past few years, l iqui d-crysta l opti cal Ùbers (L CFs) have been proposed
for am pl i tude, phase, and polarizati on modulato rs as wel l as for constructi on of
di ˜erent opti cal Ùber sensors (of pressure, temperature, and electri cal Ùeld) [1{ 5].
Theref ore, there has been an increased interest to inv estigate l ight propagati on
e˜ects in l iqui d-crysta l core opti cal Ùber wa veguides.

Thi s paper presents analysis of the polari zati on properti es of the l ight prop-
agati ng in anisotro pic ell ipti cal wa vegui de wi th a l iquid-crysta l core in new po-
tenti al appl icati ons in polari metri c Ùber-opti c systems. Li qui d-crysta l Ùbers, espe-
ci ally ell ipti cal -core l iqui d-crysta l Ùbers can be attra cti ve for m any devi ces such
as sensors, m odul ato rs, and the system s of the l ight polari zati on.
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2 . El l ip ti cal -co r e L C Ùb er s

The present analysis concerns the ell ipti cal-core l iquid-crysta l Ùbers. The
l iqui d crysta ls used for the ell ipti cal core are characteri zed by the param eters
presented in T abl e I, where n o | ordi nary ref racti ve index, n e | extra ordi nary
ref racti ve index, n c l | refracti ve index of claddi ng.

TABL E I

Values of ref ractive indices of
liqui d-crysta l mixture.

n o n e n c l

1314-3 1.4508 1.465

1335-1 1.4643 1.488 1.4585

1110 1.46 1.5014

The calcul ati ons have been perform ed for the ell ipti cal core wi th the ell ipse
semi-axes

a x = 9 È 1 0 À 6 m ; a y = 2 È 1 0 À 6 m :

The to ta l numb er of the modes propagati ng in the LCF m ay be calcul ated
as fol lows:

V i = a i k
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Ñ

num ber m odes; (2)

where i = x ; y ; n 1 = n o or n 1 = n e, k = 2 ¤ =Ñ , Ñ = 5 8 9 nm ([ Â] denotes the
integ er num ber of Â), and are presented in T able II for 3 di ˜erent LC mixtures
used (1314-3, 1335-1, 1110).

TABLE I I

Values of numb er modes and ellipti city of
the p olari zed light.

V x V y N x N y "

1314-3 14.37 2.941 103 4 0.01

1335-1 28.306 2.778 400 3 0.24

1110 34.212 1.412 585 1 0.64

T able I I shows tha t in order to achi eve the numb er of the modes as small
as possibl e, the orienta ti on of the m olecules in l iqui d crysta l, the shape of the
el lipse and the value of the ref racti ve indi ces of the l iqui d-crysta l mixture should
be sui tabl y selected. Then, the investigated l iqui d crysta l Ùbers wi l l guide only the
lowest-order m odes.
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The degree of the polari zati on can be calcul ated in the ell ipti cal coordi nate
system (Fi g. 1)

P =
I po l

I to t
=

s

1 À

4det bJ

( T r bJ ) 2
; (3)

where

J = h E Â E +
i (4)

is a coherence m atri x.

Fig. 1. Ellipti cal coordinate system ¿ ; ² ; z .

Thi s paper does not show calcul ati ons of the degree of the polari zati on, but
presents evaluati ons of the el lipti city of the polari zed l ight ( " )

" =
I m in

I m ax
: (5)

As can be seen in Tabl e II, the ell ipti city of the polari zed l ight for the
l iqui d-crysta l Ùber is the lowest f or the l iqui d crysta l 1314-3 and in thi s case the
ordi nary refracti ve index is below the ref racti ve index of claddi ng. Ho wever, the
el lipti city of the polari zed l ight is the hi ghest for the liqui d crysta l 1110, where
di ˜erence of the refracti ve indi ces is the largest. The m ixture 1314-3 has the lowest
extra ordi nary ref racti ve index of al l inv estigated liqui d crysta ls used for Ùber cores
and tha t is why i t is responsi ble for i ts parti cul ar polarizati on properti es.

3. E xp er i m en tal

The experim ents have been carri ed out for the ell ipti cal -core (4 È 1 8 ñ m)
l iqui d-crysta l Ùbers. The inside surf ace of the capi llary was coated by a polyi m ide
soluti on (PI TH- 20). The capi l lary was Ùrst heated to ca: 1 3 0 £ C and then Ùlled
by the low- biref ri ngence l iqui d-crysta l m ixture at tem perature of 4 0 £ C, whi ch pro-
duced a liqui d-crysta l Ùber 15 m m in length (Fi g. 2).

Fi gure 3 shows the exp erimenta l setup for m easuri ng polarizati on e˜ects in
the liqui d-crysta l Ùbers. The l ight source was laser at 842 nm wav elength.
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Fig. 2. Ellip tica l-core liquid- cry stal Ùber w ith the homogeneous transverse orientation

of the LC molecules.

Fig. 3. Exp erimental setup to investigate polarizati on e˜ects in the liqui d-crysta l core

Ùber.

Fig. 4. Singl e p olarizati on prop erties and perf ormance of the LC F. T he non- zero p o-
larizati on mo dulatio n w as achieved w ithout any input p olarizati on .

Thi s setup wa s used to measure the polari zati on properti es of the LCF
(Fi g. 4). The arrangement, whi ch incorporated a polarizer, pro duced a more sta-
bl e signal al tho ugh better polari zati on pro perti es could be observed wi tho ut the
polari zer.
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The results show tha t the LCF can preserve l inear input polarizati on and i t
is also the Ùrst dem onstra ti on for our best kno wl edge of sing le polari zati on m ode
pro pagati on in the LC Ùber.

Fig. 5. Polarization characteristics: (a) for di˜erent temp eratures and (b) for di˜erent

lengths of the liquid crystal Ùber.

Fi gure 5 presents polari zati on characteri sti cs for di ˜erent tem peratures (a)
and f or di ˜erent lengths of the LC Ùbers (b). It is evi dent tha t above the tem -
perature of the tra nsiti on to the anisotro pic phase (4 2 £ C) the polari zati on prop-
erti es of the l iquid crysta l Ùber disappear. The most suita bl e tem perature for thi s
l iqui d-crysta l Ùber is ca: 2 7 £ C, but the opti mal length of the l iqui d-crysta l Ùber
should be about several centi meters.

4. Co n cl usion s

The resul ts obta ined indi cate hom ogeneous LC ori enta ti on inside the el l ipti -
cal core and as a consequence, in a certa in tem perature range, the LC waveguide
acts as a Ùber polari zer.

Exp erim ental characteri sti cs of the LC Ùbers are in good agreem ent wi th
theo ry and pro ve the hom ogeneous ori enta ti on of the LC core. D ue to special ly
selected param eters (el l ipti city , ref racti ve indi ces) the LCF exhi bi ts single polar-
izati on properti es tha t can be used in polari m etri c Ùber-opti c devi ces.
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