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Motivation

We aim at investigating the effects of a variable degree of orientation
on the equilibrium configurations in electric splay Freedericksz
geometry

e Small voltages disorder the sample
e Dependence of V., on sg

e Most interesting regime: high anisotropy (e1 < )
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Geometry

Dimensionless variables u = z/d € [0,1], ¢ =¢/V, such that

B=Vo=de.

Uniaxial order tensor Q(u) = s(u)(n ® n — £I), with director

n(u) = cosf(u)e, +sinf(u)e,
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Free energy density

U=9,y(Q,VQ)+Yr(Q)+ ¥Yric(Q)
with
Vo =3 K |VQ]> = K (s*|Vn|* + 3 [Vs|*)
Vp=—-5D-E=—-3(FE+¢,QE)-E
Urac = AtrQ* — BtrQ° + CtrQ* = %ASQ — %BSS -+ %C’S4

where
€a
EZ%(€||+25J_), 5a:€||_€J_>O, ’Ya:£6[0,1)
Characteristic lengths
2K d? 9K
g=200. @=T=er¢ s
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Equilibrium equations

Euler-Lagrange + Maxwell equations

2
s0” 4+ 25'0" + Z—qu’z sinfcosf =0
2 d? d d? 1
55" — 250" — e dz + & P (Sin2«9 — §) =0
d
o (gb’(l — YaS) + 37250 sin? 9) =0

Boundary conditions
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Results: Freedericksz transition

2m2 K
e Critical voltage Vi, = \/7TS0
€a

(renormalization of elastic constant)

e Shape of minimizers. Let V =V, (1 + €?)

O(u) = Ay sinu + o(€?)
s(u) = so — €'n*(B1 + Bz cos 2mu) + o(€?)
Pp(u) = u + Cy ¢ sin 2mu + o(€?)

with positive integration constants and, in particular,

4(1 — VaSO)
A2 = O(n?
1 1+ 27,50 * (77 )
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Results: Strong applied voltages

In the limit V' > V. the tilt angle develops a boundary layer to
maximize the size of the region where the director is parallel to the

external field.
The strong director gradient induce a surface melting

Nematic effects decrease the electric field in the bulk
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High anisotropy

Let va =1—€* (e /g = O(€?))
Singular in Frank limit  (Self, Please, Sluckin, 2002)

e Close to the Freedericksz transition the leading orders of the
relevant fields are modified: both 6 and ¢ become O(e?)

e For strong applied voltages a double boundary-layer structure
arises, and the electric potential develops a finite jump in an
infinitesimal layer

Regularized by a finite degree of orientation

e Close to the Freedericksz transition the leading orders are
unchanged: 6 = O(¢€) while ¢ = O(e?)

e Even for strong fields the electric field remains bounded
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Conclusions

e Nontrivial disordered regions/regimes in the presence of an

external field

e Regularizing role of a finite degree of orientation in the high

anisotropy limit

e From the mathematical point of view, regularization is related to
the gain of coercivity in the free energy functional

Comments? Reprints?

cesana@sissa.it
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