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ON DISLOCATIONS AND DISCLINATIONS 

G.S. RANGANATH 
Raman Research I n s t i t u t e  
Bangalore 560006, I n d i a  

(Submitted f o r  pub l i ca t ion  May 2 1 ,  1976) 

Abs t rac t  The s i m i l a r i t y  between t h e  mathematical  des- 
c r i p t i o n s  of  c r y s t a l  d i s l o c a t i o n s  and of l i q u i d  c r y s t a l  
d i s c l i n a t i o n s  i s  discussed.  

The a i m  of t h i s  n o t e  is  t o  poin t  out  t h e  c l o s e  s i m i l a r i t y  

between t h e  p r o p e r t i e s  of screw d i s l o c a t i o n s  i n  c r y s t a l s  and 
those  of d i s c l i n a t i o n s  i n  nematic l i q u i d  c r y s t a l s .  In  t h e  

case of  a screw d i s l o c a t i o n  t h e  fundamental parameter des- 

c r i b i n g  t h e  atomic displacement is  t h e  Burgers vec to r  b y  

whi le  i n  t h e  case  of a d i s c l i n a t i o n  t h e  analogous parameter 

desc r ib ing  t h e  d i r e c t o r  o r i e n t a t i o n  is   ITS, where s i s  t h e  

s t r e n g t h  of t h e  d i s c l i n a t i o n . 2  

which t h e  atomic displacement w o r  t h e  d i r e c t o r  tilt 0 is  a 

func t ion  of x and y only and no t  of z ,  t h e  s i n g u l a r  a x i s .  

The most important  p r o p e r t i e s  are summarized i n  Table 1. 

1-t 

We cons ider  t he  s i t u a t i o n  i n  

From t h e  r e s u l t s  se t  o u t  i n  Table 1 i t  fol lows a t  once 

t h a t  by e f f e c t i n g  t h e  t ransformat ion  1-1 -+ k, b -+ 2rrs and 

v -+ -1 (incompressible  s o l i d )  one can a r r i v e  a t  t h e  proper- 

t i e s  of d i s c l i n a t i o n s  from those  of d i s l o c a t i o n s .  

A similar analogy ev iden t ly  e x i s t s  between edge d is -  

l o c a t i o n s  i n  c r y s t a l s  and t w i s t  d i s c l i n a t i o n s  i n  l i q u i d  

c r y s t a l s  (such as those observed i n  t h e  Grandjean-Can0 

wedge ).  5 For example, i n  t h e  case of t h e  edge d i s loca t ion ,  
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TABLE 1 

Screw di sl ocat 1 on Dl s c l  i nat I on 

Equation o f  
equllibrlrua 

Struature 

Energy 
(R=aample radlue 
ro-core radlue) 

Attrac t lve  force 
between unlike 
defects at  a 
dietancc r 

Strain energy of 
an unlike pair  

Tenei on 
( L  - kink length) 

React 1 one 

Boundary e f f e c t s  

21kr2 f = -  r (ref .4)  

x ' T - nke2 I n  

4 4 4  

b, + b2 = b 

(bl + b2 - b 
for paral le l  
d i  alocations) 

8 ,  t a2 - a (ref .3,4 

The boundary a t trac t s  or repel8 the 
defect with an image 

~ ~~ ~~~~ ~ 

p = Crystal shear modulun, 3 - Poleson r a t i o ,  

k(= k, 9 k3) = Liquid  crysta l  e l a s t i c  constant 

t h e  displacement normal t o  t he  d i s loca t ion  l i n e  and the  

ha l f  Plane v a r i e s  as tan-'(x/<). 

t h e  v a r i a t i o n  of the  tilt  of the d i r e c t o r  normal t o  choles- 
t e r i c  planes near a t w i s t  d i s c l ina t ion .6  
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