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Director transition threshold values are numerically calculated for the homeotropic
nematic cell under the field of spatially bounded light beams in depending on the director
anchoring energy with the cell surface. Analytical expressions for the threshold in the
wide and narrow light beams are obtained for the cases of strong and weak director
anchoring. It is shown that influence of the anchoring energy finite values increase with
decreasing of the beam cross-section. It is appear to be the most strong at the weak
director anchoring.

YucaeHHO paccuuTaHbl 3HAYEHUSA IIOpora IIlepeopHeHTallur OUPEeKTopa B I‘OMeOTpOHHOfI
HeMaTHuUYecKoll sueiike B II0JIe IIPOCTPAHCTBEHHO OI'PAHUYEHHBIX CBETOBBLIX IIYyYKOB B 3aBUCH-
MOCTH OT 9HEepPIruu CIellJIeHUd AUPEeKTOopa C IIOBEPXHOCTBIO aueiiku. B IIpengeJjie CUJBHOTO N
cjaaboro CIeIIieHnuda OUPpeKTopa HaI;'IEEHI)I aHaJUTUYEeCKHNEe BBIPDaXeHUudA OJdA IIopora B IIINPO-
KX 1 Yy3KHUX IIy4dKax CBeTa. HoxasaHo, YTO BJUSAHNE KOHEUHBIX 3HAUEHUH 9Hepruu cClierlije-
HHUS BO3pacTaeT C yMEHbIIIeHHeM IIOIIepeduHOr'o padMepa IIy4dKa. Ono oxasbiBaeTcsd HamboJiee
CUJIBHBIM IIPDA caabom CIeIlJIEeHNN OUPEeKTopa.

Threshold reorientation of the director of the nematic liquid crystals (NLC) in the light fields — a light
induced Freedericksz transition (LIFT) [1-3] attracts an increased attention due to a potential of the effect
for applications in electrooptical devices. Magnitude of the threshold is the most important parameter
of LIFT and therefore its dependence on different parameters of the liquid crystal cell and the light beam
was studied in many papers. In particular, there were considered influence of the limited cross size of the
light beam on the LIFT threshold [1,2], possibility of the considerable decreasing of a threshold in the
nematic which contains small concentration of the impurity molecules [4-7], the threshold reorientation
of the director in the light field with spatially modulated intensity [8,9]. Influence of the director finite
anchoring energy with the cell surface on LIFT was also studied in papers [7-9]. In particular, the
dependence of the threshold on the anchoring energy value was found but only for the case of the infinitely
wide incident light beams. The conventional light beams possess a finite width and in the qualitative sense
it is clear that in this case the dependence of the director reorientation threshold on its anchoring energy
value must be stronger. In current paper the quantitative results are obtained which allow estimating of
the degree of dependence of the LIFT threshold on the director anchoring energy value for the beams
with finite cross section.

Let we have the planeparallel cell of NLC bounded by the planes z = 0 and z = L with the initial
homeotropic director orientation along the Oz axis. Plane-polarized along the Oz axis monochromatic
light wave is normally incident on the cell. We suppose that the cross size of the light beam is limited along
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the Oy axis. As long as the threshold of the orientational instability is reached the director reorientation
takes place in the xOz plane. Then taking into account that system is homogeneous in the Oz direction
we can seek the director in the cell bulk in the form

n=-e; sinp(y,z) +e, - cospy,z), (1)

where e;, e, are the Cartesian unit vectors, ¢ is the director deviation angle from its initial direction.
Minimizing the free energy of the NLC cell one can obtain the next linearized in the angle ¢ equation
to determine the director reorientation threshold [2]:
82@ 62@ Ea €L

- - _ . Op _ 2
K, E% + K3 o+ Sref Hy)p=ng-, 1y =EI, (2)

where K3, K3 are the Frank’s elastic constants, e, = ¢) — €1 > 0 is the anisotropy of nematic dielectric
permittivity at the frequency of the incident light, Eo(y) is the electric field amplitude of the incident
monochromatic light wave, 7 is the relaxation constant, n ~ (1072 = 1) P [2].

Describing interaction of the director with the cell surface in the approximation of Rapini potential [10]
one can also obtain the linearized bound conditions to equation (2)

82’ z=L (3)
- Oy
Ks——Wge =0,
82’ 2=0

where W > 0 is the director anchoring energy with the cell surface.
Let the distribution of intensity in the light beam cross section is described by the function

Io = const, if |y| < a,
1) —{ : v (1)

1o, if |yl > a.

Then solving equation (2) with the variable separation method and demanding the bound
conditions (3) to be satisfied we obtain

Py, 2,1) =Y (y) ;Cn <COS(/\TLZ) + Kgn sin(/\nz)> eIt (5)
1
where (', is a constant of integration, I',, = —(K2q2 — I(SATZL)7 and the function ¥ (y) takes a form
n

COs ( 52 - q2 y) 9 if |y| < a,
Y(y) = (6)

cos (V&= q7a) exp-q(lyl - a)l, if |yl >a.

ag1 . . .
Here £2 = gg#, g is determined by equation 4/£2 — ¢? tan (a,\/é=2 — q2) = ¢, and A, denote the
7T6|| L2
nontrivial solutions to equation
2W K3
tan(AL) = —————. 7
an(AL) = Rz — w2 ™

The director orientational instability threshold can be obtained from condition I'y = 0, where A; is the
least module root to equation (7). In general case the threshold value can be obtained only numerically.
Therefore initially we will consider the limiting cases when it is possible to obtain also the analytical
expressions for the threshold.

Let us suppose that the director anchoring with the cell surface is strong so that the dimensionless

WL 2
anchoring energy w = oo > 1. In this case it appears from equation (7) that Ay = % <1 — —>. Then
i3 w
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for the wide light beams such that a > L we can obtain from equation I'y = 0 the next expression for

the threshold

I2°K, 4
Iop =1 (1 -
or < e w>

(8)

SFSEH](3

where I, = 5 is the threshold value in the field of the infinitely wide light beam at the infinitely

Eafl
strong director anchoring with the cell surface [1].

For the narrow beams when the condition ¢ < L is fulfilled, equation I'y = 0 at the strong anchoring
(w > 1) gives the threshold value

L K, 4 L K,
Io, =1 |1+ — S [ .
op l + may K3 w ( + 2ma I(g)] (9)

The results (8), (9) coincide with the results of paper [2] in the case of the infinitely strong director

anchoring with the cell surface(w = co) and with the results of paper [7] in the case of the infinitely wide
light beams (¢ = oo). Comparing formulas (8) and (9) one can see that in the case of the narrow beams
the contributions to the threshold value from the director anchoring energy and light beam cross size are
not additive unlike the case of the wide beams.

If the director anchoring with the cell surface is weak so that parameter w < 1, one can obtain

V2w

from (7) that A\ = < In this case it follows from equation I'y = 0 that the threshold value equals

2w Ky w2
E=l Ty 2
(Qa/L +2K; /ng)

for the case of the wide beams (a > L) and

2w L Ky
Iop =lo0o— | 14+ — 11
op w2 ( + aV Qng,) (11)

for the case of the narrow beams (a < L).

IOp =1,

K
If elastic constant K3 is not anomalous small then at the weak anchoring the condition 2

> 1
ng ~

I

ng

fulfills. In this case for the wide beams at the finite values of parameter w the condition % >

2
can fulfill and, as follows from (10), the threshold approximately equals Io, =~ Ioo—is. If the opposite
T

Ire
inequality fulfills 1 < % < 4/ %, then expression for the threshold contains an additional multiplier
Wiy

2

It
1+ % and is described by formula Iy, & Ioo L2

ng

2w

> 1 one can
~

2
— <1 + ﬂ-—> For the narrow beams at
T 4

L [2uK
neglect the first item in formula (11) and expression for the threshold takes form I, ~ I —= ?,‘2.
Tea i3

In this case depending on the ratio of values of parameters — > 1 and w < 1 the threshold value can be
a

both smaller and greater than 1.
Note, that for the narrow beams in the limit @ — 0 the linear intensity of the incident light beam

S, = [ I(y) dy has the threshold value which equals at the strong director anchoring (w > 1)
—a

s, = 1,2k [k <1 - 3) (12)

T V K3 w
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Fig.1. The dependence of the threshold Fig.2. The dependence of the threshold intensity
intensity Iop/Ioc of the one-dimensionally Io,/Io of the two-dimensionally bounded light
bounded light beam (4) via the anchoring beam (14) via the anchoring energy value w. po/L =

energy value w; a/L = 0.5(1),1(2),2(3),00(4).  0.5(1),1(2),2(3), co(4).

2L Ko\ 2w
=1 —1/—=— 1
Sp T Ks = (3)

At Fig.1 the dependence of values of the dimensionless threshold intensity of the incident light Iy, /I
via the director anchoring energy value with the cell surface w is presented for several values of ratio a/L.
We obtained it numerically in the one constant approximation (K; = K3 = K). Value of the threshold
intensity Io, decreases monotonically with increasing of ratio /L and in accordance with formulas (8),

8me) KsAd

and at the weak anchoring (w <« 1)

(10) approaches in the limiting case a — oo to value Iy, = (curve 4).

Eafl
If the incident light wave is polarized along the Oy axis, it is necessary to replace the elastic constant

K5 by Ky in the obtained above expressions for the threshold.

At Fig.2 the dependence of values of the director reorientation threshold via its anchoring energy with
the cell surface is presented for the case when the light intensity distribution in the beam cross section is
bounded along the both coordinates # and y and has a form

I(p) = { Io = const, ?f p < po, (14)
0, if p> po,

where p is a distance to the beam axis, pg is the beam radius. For calculations there was used equation

analogous to equation (2) but taking into account that the director reorientation angle ¢ is a function of

p and z. As in the previous calculations the one constant approximation for the Frank’s elastic constants

was used.

For the two-dimensionally bounded beam (14) the dependence Io,(w) has qualitatively the same
form as in the case of the one-dimensionally bounded beam (4), but at the same anchoring energy the
dependence of the threshold on the beam width, as one could wait, is stronger in the two-dimensional
case. Asymptotic analytic expressions for the director reorientation threshold in the light beam field (14)
have the next form:

a) at the strong director anchoring (w > 1)

JLL? 4
Iop =1 (1 -—), 1
o < TR w (15)

if po > L, and

Functional materials, 14, 4, 2007 513



A.A.Berezovskaya et al. / Influence of the director ..

212 4 L 2
“P“’“}{l"nﬂpahwwpo/L>"Z?[1+'<wpohmwpo/L>> ]}’ 16)

if po < L;
b) at the weak director anchoring (w < 1)
2w L2J3
@_&FQ+%%, ()
if pov2w > L and
2w L?
Iojp=To— |1 - 18
op < r2 < wp? ln(\/pro/L)> ' (18)

if po <« L. Here Jo; is a first root of the Bessel function Jo(z).
Po
At pg — 0 the threshold linear intensity of the two-dimensionally bounded beam S, = 27 [ I(p)pdp
0

increases as ﬁ
n po
Thus, influence of the director anchoring energy with the cell surface on the director reorientation

threshold increases with decreasing of the cross size of the light beam incident on the cell. At that for the
narrow beams the contribution to the threshold value from the anchoring energy is not additive with the
contribution from the beam cross size. It turns out to be the most strong at the relatively weak director
anchoring (w < 1).
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Bruiue eHeprii 3uerieHHs AUPeKTOpa HA MOPIT CBITJIOIHAYKOBAHOTO IMEPeXOoy
Ppenepikca B 00MeKeHHX CBITJIOBUX MydKax

I A.Bepesoscvra, C.M.Esxncos, M.®D.Jledneti, 1.1l [linkesuy

YuceabHo po3paxoBaHi 3HAYEHHH TOPOTY IEPEOpieHTAarl AUpeKTopa ¥y TOMEOTPOITHIA HeMaTHd-
HIfi KOMIPIIl ¥y TOJII IPOCTOPOBO OOMEKEHUX CBITJIOBHX IIYUYKIB B 3aJIe?KHOCTI BIJ eHepril 3JellIeHHS
JUPEKTOPA 3 TOBEPXHEIO KOMIPKH. ¥ T'PAHHYHHX BHUIIAIKAX CHJILHOTO 1 cJaboro 34YertieHHd JAUPEKTO-
pa 3HANIEHO aHAJITHYHI BHPA3HW JJid HOPOry yV IIHPOKHX Ta BY3bKHX Iydkax cBiTia. llokasano, 1o
BILUIUB CKIHYEHHUX 3HAYEHb €HEPTil 3YelUIeHHs 3POCTAE 13 3MEHNIEHHAM TOMEPEYHOTO PO3MIPY IIyJKa.
Bin BugBigeTbca HAROIIBIT CHILHAM HpH cJIaboMy 3YEILIEHH] JIUPEKTOPA.
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