Homework #3: Polymer physics

Due date: 2008/11/29
2006-11395 &0zt

1. Describe and compare a disclination and a dislocation in detail.

Defects in liquid crystal.
The local translational and orientational order of atoms of molecules in a sample may be

destroyed by singular points, lines, or walls.

*Dislocation : discontinuities associated with the translational order
*Disclination: the defect associated with the orientational order

*Dispiration : singularities of chiral symmetry of a medium.
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(@ bLL bllo : L edge dislocation

(b)bLL blo: L edge dislocation

(©) bilL . L screw dislocation L : singular line vector
a: normal to the cut plane

Disclination?] Z& b: burger's (translation) vector

(@) wilL . L wedge dislocation
(b) wLL willo : L twist dislocation

(wlL wlo : L twist dislocation
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%2l 1. The volterra process(1)

2) 225 o

disclination : The passage of disclination adds an additional orientation distortion to the field,
say, twist of 180, but this distortion represent an increased energy density in the
liquid crystals and thus will tend to be as diffuse as possible. The motion of
disclinations through liquid crystals will therefore result in major increases or

reductions in the elastic distortion.

dislocation : the passage of dislocation through a crystal imposes a shear of exactly a lattice
vector which is confined to one lattice plane. This process is a completely self
healing operation, and the crystal structure after passage of a (unit) dislocation is

not changed.(2)

ofgf gle 2F To| ZifEeE o dlisclinationdt dislocation0] O{EAH 22ZI0|=7tE
HO|&EC}. Disclination?] A% distortion0| Q=0 dlLjo] gHES O|F1 LIHX HES
Etelst A (monodomaion)2 O|ECt  Disclination0] 2Z10f [O2fA distortion @0
HOIX|7|= St FOMX|7|= St=0|, o|of et RO MEFE BRI X|7F BSHA ElCt B
dislocation®| ZAR0|= 1720 X0 [z}, defect

—
£ SRole FEM SR B= FE2
SO &o| Hot7|= otX|T, LF FISEC =0 Fgs FX

0
rir
o



NER BEREEEREEE

—i AN AN A T} trrrrrrrrtl e ©¢ ©¢ ¢ © © o
g A X T | SR EREERE

s S Y N Y ] SANNANTL LT ] © © © © © O o
s L 4 [ ) —~~~~~\1T1111

—————— I O —————= 1 H @ @€ @ 61T © © ©
ez 4 1] ez A

————s 1111 77777711111 b ®
A AR RRRERER ®© © 00 O .
it gt ot o BEEEREREREE

g d 44 F T BEERLE LR ® ©6 006 ¢ 06 O
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a8 2 (a) director field around +1/2 wedge disclination. (b) The distortion is compressed into a
wall by the application of an external field which tends to align the directors along the vertical axis.
(c) An edge dislocation for comparison. The dislocation can be viewed as having moved from left to

right, leaving in its wake slip on a horizontal plane and exactly equal to the lattice vector in
magnitude.(2)

3) three parameter defining disclination.

D s: strength

the strength of a disclination can be determined from its director field by making a
complete circuit around the core and determing the magnitude and sign of the
rotation of the director around the circuit.

|s|= number of brushes meeting / 4

e.g.) |s|= 1/2 : a complete circuit is made around the center. Director rotates by .
Is|= 1 :a similar circuit yields a total director rotation of 2m.
+:centerE THLE A2 AEY M

- . opposite direction to +

@ L: line vector (the local orientation of line)

(3 Q: the axis about which the director is seen to rotate

(@o = L- Q)
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g 3. (a) The director field around a strength -1/2 disclination, in which L and Q are collinear, in
fact antiparallel(®=180°). Wedge type. (b) The director field around a strength -1/2 disclnation in

which L and @ are at right angles to each other (®=90°), with L remaining normal to the page.

Twist type.(2)
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2 4 various type of disclinations in nematic liquid crystals(3).



2. Fig 1 is a phase diagram for rods of axial ratio x = 100. If x = 0.0625, describe the phase
transition of the system as v, increases.
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0.69<v,<1.00| anisotropic Y2 E X, one phase O|LC}.
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