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ON DISLOCATIONS AND DISCLINATIONS

G.S. RANGANATH
Raman Research Institute
Bangalore 560006, India

(Submitted for publication May 21, 1976)

Abstract The similarity between the mathematical des-
criptions of crystal dislocations and of liquid crystal
disclinations is discussed.

The aim of this note is to point out the close similarity
between the properties of screw dislocations in crystals and
those of disclinations in nematic liquid crystals. In the
case of a screw dislocation the fundamental parameter des-
cribing the atomic displacement is the Burgers vectorl g,
while in the case of a disclination the analogous parameter
describing the director orientation is 2mws, where s is the
strength of the disclination.2 We consider the situation in
which the atomic displacement w or the director tilt 6 is a
function of x and y only and not of z, the singular axis.
The most important properties are summarized in Table 1.

From the results set out in Table 1 it follows at once
that by effecting the transformation u - k, b > 2ms and
v + =1 (incompressible solid) one can arrive at the proper-
ties of disclinations from those of dislocationms.

A similar analogy evidently exists between edge dis-
locations in crystals and twist disclinations in liquid
crystals (such as those observed in the Grandjean-Cano

wedges)_ For example, in the case of the edge dislocation,
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TABLE 1
Screw dislocation Disclination
Equation of 2 -2
equilibrium Viw =0 778 =0
Structure w = %;tan—1 % 8 =8 tan~ ' %
Energy 2
(Re=sample radius E = 2 1n %— Es= nks? 1n %— (ref.3)
r =core radius) ° o
Attractive force b2 oxk 2
between unlike = 23k8
defects at a L= xr t r (ref.4)
distance r
2
Strain energy of - BB I - 2 r_
an unlike pair € =5~ 1n T, € = 2rks“ 1ln Ty (ref.4)
2
Tension - __bb A 2, X
(L = kink length) T = 5 =5 1n T, ? = xks“ 1ln T (ret.5)
Reactions -!;1 +_52 =% 8, + 8, =8 (ref.3,4
(b1 + b2 = b
for parallel
dislocations)
Boundary effects The boundary attracts or repels the

defect with an image forcc.1'5

4 = Crystal shear modulus, <9 = Poisson ratio,

k(= k; = ky) = Liquid crystal elastic constant

the displacement normal to the dislocation line and the
half plane varies as tan_l(X/E). The same law describes
the variation of the tilt of the director normal to choles-

teric planes near a twist disclination.®
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