Knots and links of disclination lines
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AKnots and links of disclination loops

Topologically, loops and knots cannot be
converted one to the other through sim-
ple twisting or stretching. These differ-

AC I aSS ifi Cati O n SC h e m e ences make knots and loops interesting
objects to study, but it can be difficult

to manipulate polymers into predefined
shapes. Tkalec et al. (p. 62; see the Per-

H H \ ol spective by Kamien) immersed surface-
ATargeted design of a desired knot Bl gion
' nematic liquid crystal. When the liquid

crystal molecules were aligned normal
to the surface of the particles, defect

1S. Lopar &Ph$s. ReGlethd(6,177801 (2011). ' lines formed around each particle. By
fu. Tkalec, M. Ravnik, S. Lop : : 2 R NS (Tl - YA

particles that could

Science 333, 62 (2011) ing optical tweezers, structures where
neighboring defect loops cross each

1 G. P. Alexander, B. G. Chen, E. A. Matsumoto, R. D. Kamien, Get Knotted other were generated allowing the pro-
Rev. MOd PhyS 84, 497 (2012) duction of knots of arbitrary complexity.




Nematic liquid crystals

RP? Aliquid with local orientational order.
Average local orientation is represented by director n.
Apolar molecules i director is a headless vector i line field.

Scalar order parameter: S =< P, (cosf) >

Q-tensor description accounts for S: Q,;,.- =

First order phase transition 1 Landaui de Gennes free energy:

f = %A Tr Q% + %BTr Q> + %C(Tr Q%)?
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P. G. de Gennes & J. Prost,
The Physics of Liquid Crystals (1995)




Topological defects

N. D. Mermin, Rev. Mod. Phys. 51, 591 (1979)
M. Kleman, Rep. Prog. Phys., 52, 555 (1989)

Director field can contain topologically stable defects i points and lines (loops).
Defects are places where the order changes discontinuously and is thus ill-defined.
The director field is a mapping from the medium to the real projective plane i the GSM.

Disclination lines

9 Encircle the defect line i observe the
rotation T winding number.

{ Described by fundamental group p:(GSM).

fIn 3D: group Z21 defect or nondefect.

1 Closed loops also carry topological charge
of a point defect.

§do = 27k

Point defects

1 Enclose the defect in a sphere i count the
mapping order i topological charge.

1 Described by homotopy group p2(GSM).

1 Defects are enumerated by integers.

1 Reversal of director changes the sign.




