Nematic Order Parameter .«

Orientation of mesogen described by unit vector,

u® = (ugf), u?(j), ug‘)) = ( sin 6; cos ¢;, sin 6; sin ¢;, cos Hi) .

The tensor construction of the nematic order parameter must take into ac-
count that (u”) = 0 in both the isotropic phase and the nematic phase. It
follows that the tensor must be of second rank or higher.

Desired attributes of the 2"-rank order-parameter tensor Nog, o, 8 = x, 9, 2:
e tensor is symmetric: N,z = Nga,
e tensor has zero trace: Y. Ny, =0,
e N,s = 0 in isotropic phase,
o Noo =1 if u =@, (perfect alignment).

These attributes are satisfied by the following construction [pex1]:!
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Nosg = %(3 cos’f — 1) = 5/ d¢/ dfsin 6 (0, ¢) (3uaus — dap),
0 0

where ¢(0, ¢) is the orientation function characterizing the macrostate and

u, = sinfcos¢, wu, =sinfsing, wu, = cosd.

The order parameter N,z is being used in the Maier-Saupe theory [pln74]
and in the Onsager theory [pIn75].

'Note the relation to Legendre polynomials: Py(z) =1, Pi(z) =z, P»(z) = $(32%-1),...
In the case of a ferromagnet, the order parameter (magnetization) is constructed from a
first-rank tensor (vector), corresponding to the first-order Legendre polynomial.



