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Nematic liquid crystals 

n ¹ ïn 

A liquid with local orientational order. 

Average local orientation is represented by director n. 

Apolar molecules ï director is a headless vector ï line field. 

Scalar order parameter:  

 

Q-tensor description accounts for S: 

splay twist bend 
P. G. de Gennes & J. Prost,  

The Physics of Liquid Crystals (1995)   

First order phase transition ï Landauïde Gennes free energy: 

Spatial variation ï elastic free energy: 



Topological defects 

Director field can contain topologically stable defects ï 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 ï the GSM.  

Disclination lines 

¶ Encircle the defect line ï observe the 

rotation ï winding number.  

¶ Described by fundamental group p1(GSM). 

¶ In 3D: group 2 ï defect or nondefect. 

¶ Closed loops also carry topological charge 

of a point defect. 

Point defects 

¶ Enclose the defect in a sphere ï count the 

mapping order ï topological charge.  

¶ Described by homotopy group p2(GSM). 

¶ Defects are enumerated by integers. 

¶ Reversal of director changes the sign. 
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