This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 04:31

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

On the Theory of Extensible
Nematic Liquid Crystals

Goodarz Ahmadi

% Department of Mechanical Engineering, Pahlavi
University, Shiraz, Iran

Version of record first published: 28 Mar 2007.

To cite this article: Goodarz Ahmadi (1978): On the Theory of Extensible Nematic
Liquid Crystals, Molecular Crystals and Liquid Crystals, 47:3-4, 209-223

To link to this article: http://dx.doi.org/10.1080/00268947808083746

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268947808083746
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 04:31 23 February 2013

Mol. Cryst. Lig. Cryst., 1978, Vol. 47, pp. 209-223
© Gordon and Breach Science Publishers, Ltd., 1978
Printed in Holland

On the Theory of Extensible Nematic
Liquid Crystals

GOODARZ AHMADI
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The theory of heat conducting nematic liquid crystals with stretchable director is considered.
The theory of micropolar media with stretch is reviewed and the appropriate field equations are
presented. The thermodynamics of the nematic liquid crystals is studied and a set of constitutive
equations are derived. The explicit equations of nematodynamics are obtained and some of their
features are discussed. The equilibrium state and the rectilinear plane flows are also considered
and some simple solutions are presented.

1 INTRODUCTION

The development of a continuum theory of liquid crystals was initiated by
Oseen! and Zocher.? More recent studies have been carried out by Frank.?
A mathematically complete theory of nematic liquid crystal was developed
by Ericksen*® and Leslie.®” Ericksen-Leslie theory of liquid crystals is based
on the Ericksen’s*3 theory of anisotropic fluids.

Recently Lee and Eringen®~!2 developed a theory of liquid crystals which
is based on micropolar continuum theories.!3~!7 Constitutive equations for
heat conducting Nematic liquid crystals were obtained by Narasimhan and
Eringen!® and the explicit equations of motion were derived by Ahmadi and
Eringen'® and Ahmadi.?? Several simple flows including the flow past a
sphere were considered in Ref. 19. It has been shown by Lee and Eringen?!
that as far as the basic laws of motion are concerned the Lee-Eringen and
Leslie-Ericksen theories become identical. However, several questions have
been raised by Shahinpoor?Z?® about the constitutive equations of the
former theory. (See also Lee and Eringen?*).

An excellent review of the physics of liquid crystal was provided in a
recent book by de Gennes.??
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In both Ericksen-Leslie and Eringen-Lee theories of nematic liquid
crystals, it is assumed that the molecules of the liquid crystals behave like
rigid rods which can only rotate with no axial deformation.

In the present study, a theory of heat conducting Nematic liquid crystals
with deformable molecules is developed. The theory is based on the micro-
polar continuum theory with stretch as developed by Eringen.!”-2¢ A set of
quasi-linear constitutive equations appropriate for Nematic liquid crystals is
presented. The basic equations of motion and heat transfer are derived and
discussed. The theory may also find applications to the DNA suspensions and
other polymer solutions.

In the section that follows, the fundamental equations of balance and
entropy inequality for a micropolar continuum with stretch are presented.
In Section 3 the entropy inequality is considered and a set of linear consti-
tutive relations are developed which are appropriate for Nematic liquid
crystal with stretch. Section 4 is devoted to the derivation of basic equations
of motion and heat transfer. The equilibrium of nematic liquid crystals was
considered in Section 5 and their rectilinear plane flows are discussed in
Section 6. The paper is concluded by a few remarks in Section 7.

2 LAWS OF MOTION
The basic laws of motion of a micropolar continuum with stretch as derived

by Eringen!"-26 are:
Conservation of Mass

dp
5'[‘ + ()i =0 @0
Conservation of Microinertia
Di
_D% + slmr V, ikm + 8kmr V, iml - Ziklv = 0’ (2~2)

Balance of Linear Momentum
ta,e + p(fi = 8) =0, (2.3)
Balance of Angular Momentum
My + Etpntmn + (I, — 6) = 0, (2.4
Balance of symmetric part of first stress moment

Ak.k_S+p([—d.):0’ (2.5)
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Conservation of Energy
PE = 6V — EximVm) + MgVie + SV + v, + g + P, (2.6)
Entropy Inequality
prt — (q/T)y — ph/T =2 0. (2.7)

In these equations p is the mass density, i,; = iy is the microinertia tensor,
t, 1s the stress tensor, my, is the couple stress tensor, 4, is the symmetric part
of first stress moment, S is the difference of the trace of microstresses, ¢ is the
internal energy density per unit mass, g, 1s the heat flux vector pointing out-
ward, n is the entropy density per unit mass, v, is the velocity vector, v, is
the microgyration vector, v is the microstretch rate, f; is the body force per
unit mass, [, is the body couple per unit mass, [ is the symmetric part of body
moment per unit mass, & is the heat source per unit mass, T is the absolute
temperature, and d; and ¢ are the inertia spins defined by

. D _ . .
o, = Dt [(mm O — B vic], (2.8)
and
6= (%)[lnn(v + VZ — Vm vm) + inm Vo vm]’ (29)

respectively. Throughout this paper the regular Cartesian tensor notation is
employed with superposed dot indicating the material time derivative and
indices following a comma representing partial differentiations. Equations
(2.1-2.9) are the basic laws of motion for a micro-polar continuum with
stretch. Equations (2.8) and (2.9) are a generalization of those developed by
Eringen'”%2 in the sense that they are applicable to nonmicro-isotropic
media such as Nematic liquid crystals.

3 CONSTITUTIVE EQUATIONS

In order to complete the theory a set of constitutive equations must be
derived. Introducing the Helmholtz {ree energy

b=e—Ty, (3.1)

and eliminating ph between (2.6) and (2.7) we find an alternative form of
Clausius-Duhem inequality,

—p( +nT) + Vi k = EkmVm) + Mygvy i + SV
+ vy +qIn T), = 0. 3.2)
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We now consider the following set of general constitutive equations:

= yp~ LT, T U1k = Exim Vs Dk, 1) Dokcs Voks Dy V), (3.3)
= b ) Mg = m(-- ), A= AL ),
S=8¢)q=aql-)n=n) (34)

where ty;, My, A, S, ¢ and 7 are functions of the same constitutive variables
as . In (3.3) and (3.4) we have introduced the displacement vector u,,
microrotation ¢, and microstretch ¢.

Taking the total time derivative of (3.3) and employing the resulting
equation in inequality (3.2) we find

0 .
(t(kl) +p é% Om + P %)Uu + tpa(V1 6 — EktmVm)

oy oy _Qlk
— p(aT + ﬂ)T aT,k T ap41 vk,k

+ (p ———-qw——>(m —= Ekim Vm)

a(”z,k ~ Eim Vm) 35
oy - (3.5

+ (m - —%)v —pV
kt — P 6¢l,k Lk — P I Lk
Y 6\// -
i —
+ ( k —.P 6¢’k) — P i v,g

oy oy
~+G—paﬂv—WFV+% T,/T =0,
where t,, and t, are the symmetric and antisymmetric parts of the stress
tensor. In the derivation of (3.5) we employed the continuity equation (2.1)
and the relations

U = 1y, Vk=¢;k, V= ‘[’,
d .
E d)’k = ¢sk - ’jvj,k' (36)

The inequality (3.5) must hold for arbitrary variation of T, ’T,,,, Y.k Vg kg
Vis Diks Vm, v and v, 1t is then concluded that

__ 9
n= -5 (3.7)

ap oy A
aT,, N 01k = EaimVem) - vy & - 6v,k v

pbOik = EkimVm) T oM Ve + 3phva + 3pSv + ¢, T /T 20, (3.9)

=0, 3.8)
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where we have introduced the decomposition of the stress, couple stress and
stress moments into nondissipative and dissipative parts. These are
Ly = gt + plu — POws My = gMyy + pMyy,
A = ghe + phe, S =pgS + pS, (3.10)
with
oy
= — -, 3.11
p PR (3.11)

is the thermodynamic pressure and

0 0
sy = —p a—% bt — 5(%’; b (3.12)
T
EMy = p aﬁ—“q;lpk, (3.13)
0
gk =p 5;”7, (3.14)
b,
B = pgg. (3.15)

It is now possible to derive general constitutive equations for the stress,
couple stress and the stress moments. In the present analysis we restrict our-
selves to linear theory. The quasi-linear constitutive equations appropriate
for nematic liquid crystals are

tkl = —‘pékl + aklmn(vn,m - 8mnpvp) + Cyv — %(Bjkmn d’m,nd’j.l
+ lemn¢m,n¢j,k + kad)smd)al + Flm¢’m¢’k) (316)
mkl = Blkmn d)m.n + blkmn vm,n + elkmnsmnrv’r
+ Elkmnsmnr ¢9r + Yikmn Tmn > (317)
A = fuVa + Fu®u + GiaimnVn,m
+ lealmnd)n.m + aklslmnfmn’ (318)
S=nv+ Lo (3.19)
qp = %(dlkmn vm,n + klkmngmnq v1q + 6lkmn Tmn)alkpv (320)
where 7, { are material constants and
T = $mnp Top/ T. (3.21)

The coeﬂiciems Aktmn> Blkmn’ blkmnv Ckts €kmn> Elkmna klkmn’ f;ch Fkl’ it Gkh Oy
Yikmn > Aikmn A0 Oy are related to coefficients of viscosity, heat conductivity,
etc.
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These coefficients must satisfy the condition of transverse isotropy along
the local average direction of the Nematic liquid crystals molecules. This
restriction reduces the number of material constants present in those coeffi-
cients. Employing the most general forms of the transversly isotropic tensors
of fourth and second order together with symmetry properties, it is found that

Aijt = A0;;00y + (0 + K)0y; &5 + b0y
+ APy EpmijPnaiy + A28,y + a3 o, hih;
+ aySuhih; + asd hch; + agdy hh; (3-22)
+ a;0,;hh; + agh;h;hhy,
Biju = #50,,0;; + Baoiidy + yp0i;0u
+ Bihy iy tng + Ba(Si;hhy + Shihy)

+ BySuhih; + By, heh, (3.23)
+ Bs(8y;hh; + Syhhy) + Bghihh by,
G = 910 + g2 hehy, (3.24)

where the director h, is the local average direction of the Nematic liquid
crystals molecules.

The coefficients E .., €mns Dikmn> Vikmn> Qikmns Kikmn ANA Speme have expres-
sion similar to (3.23) with the material constants ag, 8z, 75, .- , etc. being
replaced by their corresponding values. The expression for ¢, fi;, Fiys Gy
and oy, are similar to (3.24). It must be pointed out that in the derivation of the
constitutive equations (3.16-3.24) the difficulty of consideration of a “refer-
ence configuration” which was proposed in Refs. 8-12 and questioned by
Shahinpoor??:23 is completely eliminated and the macrodeformation was
assumed not to be a constitutive variable.

4 EQUATIONS OF NEMATODYNAMICS

Employing the constitutive equations (3.16-3.19) into the equations of
balance (2.3-2.5) we find the basic equations of motion of Nematic liquid
crystals. These are
pél = ioﬁ — Pyt [aklmn(vn,m - 8mnpvp)]7k + (ckl V)Sk
- %[Bjkmn¢m,n¢j.l + lemnd)m,nd)j,k + ka¢vm¢al + Flm¢’m¢’k]’kv
4.1
pdl = pll + (Blkmn ¢m, n)vk + (blkmn vm, n)ak
+ 8mnr[elkmn Vop + Elkmn ¢’rlk + (YIkmn Trn)sk (42)
+ Eimn amnpq(vq,p - qur V,.),
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pd = pl + (fuvidw + (Fru®adw
+ Slmn(gklvn,m + le ¢n, m)’k (43)
+ (aklslmnrmn)ak - CV - Co ¢

Introducing (3.1) into (2.6) we find the equation for the transfer of heat in
Nematic hquid crystals, i.e.

pCT =V .q+ O, (4.4)
where C is the heat capacity defined as

62

@ = (tg + PO (V1k = SamVm) + (Mg — Biyan O,
+ Elkmnamnr ¢’r)v1,k + ('lk - Fkl ¢7l
- le£lmn¢n. m)vak + szv (46)

and q is given by equation (3.20).

Equations (4.1-4.4) together with equations (2.1) and (2.2) are the com-
plete set of equations for the dynamics and heat transfer of Nematic liquid
crystals.

We now consider further simplifications which are direct consequence of
the nature of Nematic liquid crystals. It is well known?* that the molecules
of Nematic liquid crystals have the shape of relatively long cylinders. It has
been shown previously??-2! that the microinteria is related to the director
field, i.e.

Pin = pihchy, (4.7)
with p, given by
_p&
p="5 (4.8)

where ¢ is the length and p’ is the local mass density of the director field.
Assuming that p’ is constant and

&= &, 49)
with
&= ¢yv. (4.10)
Employing (4.7) into (2.2) we find that
he = egimVihm- 4.11)
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In the derivation of (4.11) we have used the following properties of the
directors;

hho=1,  hh =0, (4.12)
and (4.10).
The expression for the inertia spins become
) D
po, = 5, LoiOrm = B RV, (4.13)
pd = %pl[‘) + v2_ - (5nm - hnhm)vnvm]v (4‘14)
with
pr=pyv. (4.15)

We now summarize the basic linearized equations of motion in vectorial
form. These are

Mass
0
P Lv.pv =0, (4.16)
ot
Microinertia
h=v xh, (4.17)
Microstretch
=P, (4]8)

Linear Momentum

pv = pf —Vp + (A + WVV-v + (u + x)V?
+kVxv—qa[Vx®hVxyv)—2V x (hh-v)]
+ a,V(h-Vv-h) + a;V-(hhV - v) + a,[V - (Vv-hh)
—V-(h x vh)] + asV-[hth- Vv + h x v)] (4.19)
+agV-[h(Vv-h — h x v)] + a,V-[(h-Vv + h x v)h]
+ ag V- [h(h-Vv-h)h] + ¢, Vv + ¢,V - (hhv)
+ V. gt,
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—g-t[pl(v—hh-v)] =pl+ x(Vxv—2)+ahh-(V xv—2v)

+ (ag — az)[h x Vv-h +v — h(h-v)]

+ (a; — as){h-Vv x h

+v —hh-v)]+ (05 + Bp)VV - + 7,V

— B,V x (hh-V x b) + B,[V(h-Vé-h)

+ V- (hhV - ¢)]

+ B3V -(hh-Vd) + B,V - (V- hh)

+ B[V -(h- Vh)

+ V(W -h) + B,V - (hhh -V -b)

+ (o + B)VV-v + 9,V>v — b,V x (hh-V x v)

+ by[V(h-Vv-h) + V-(bhV -v)] + b,V - (hh- V)

+ b,V -(Vv-hh) + bs[V-(h-Vvh + V- (hVv-h)]

+ bV - (hbb-Vv-h) + 23,V x (hh-8)

+ (y3 — ys)V-(bh x 8) + (4, — y5)V - (0 x hh)

+ 2¢,V x (hh-Vv) + (e5 — e5)V - (hh x Vv)

+ (s — e5)V - (Vv x hh) + 2E,V x (hh-Ve)

+ (Ey — E5)V-(bh x V) + (Eq — E)V- (Vo x hh),
(4.20)

Symmetric part of first stress moment

o[V + v —v-v+ (h-v)?] = pl + £,V
+ £,V -(hh-Vv) + F,V?$ + F,V-(hh-V§)
+g;V-(bh-V x v) + G,V-(hh -V x &)
+20,V-0 + 20,V (hh-0) — {v — {, ¢,

Energy
pCT = [ + (83 + 04)/2 — 7, — 851V -8
+ [0y + 85 — (85 + 6,)/2]V - (hh-0)
+ 3{(d; —d5)V-(h-Vv x h)

+(dy —ds)V-(h x Vv-h) — 24,V -(hh-V x v}}

+ [B + (ks + kg)/2 =y — ks]V?y

+ [k + ks — (ks + ks)/2]V - (hh - Vv) + @,

where

0 = VT/2T.

4.21)

(4.22)

(4.23)
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In equation (4.19) the elastic part of the stress tensor is given by

26tim = %80 dPjm + Pm ) + 2B ;P m
+ 78(¢;.i Piom + Pm,iPi))
+ Bt Gk 1hl8iOiom T+ Erim Di )
+ By[h i 1Al @jm + Om, ) + D kB di mh; + & jhn)]
+ By ¢iihhjdi m + hui )
+ 2B bt jhidim
+ Bshih(@;, 1 bim + Pm1®i )
+ Bg ®r, il h( i mh; + ¢ i)
+ 2F ,j P + Folidlhjpom + hyy b)), (4.24)

This completes our summary of the basic equations for dynamics of exten-
sible nematic liquid crystals. Note that by taking p, as constant,

p=v=0, (4.25)

and discarding equations (4.18) and (4.21) the equations for regular nematic
liquid crystals would be obtained. In other words equations (4.16), 4.20) and
(4.22) are the basic equation for the regular nematodynamics.

5 EQUILIBRIUM STATE

The equilibrium state of Nematic liquid crystal is considered in this section.
The constitutive equation (3.16)~(3.19) in the absence of thermal effects and
in the equilibrium state reduce to

tkl = —péu + Ckl(i) - %(Bjkmn¢m,u¢j.l

+ Biiun®m a®jx + Fuu®om®ot + Fim o Dot (5.1
My = Bin Om,n + Etimn Emn, r Oors (5.2)
A = Fu ot + GitEimn P m> (5.3)

S= (9. (5.4)

From (5.1) it is clearly observed that shear stress is supported by the liquid
crystal gives rise to the gradient of microroration and the gradient of micro-
stretch fields. It should be mentioned here that even when microstretch ¢ is
identically zero, the equilibrium stress tensor do have nonzero shear terms.
(This question has been raised by Shahinpoor??).
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The free energy function corresponding to equation (5.1)-(5.4) is given by

pl// = %Blkmn ¢m,n¢l,k + Elkmnamnrq-"?rd‘)l,k
-+ %Fkld)ﬂt(bal + %Co (I)Z‘
When the molecules of the nematic liquid crystal behave like rigid rods

with no axial deformation the free energy reduces to the following simple
equation, i.e.

(5.5)

pY = %Blkmn Om,n D k- (5.6)

Employing (3.24) the explicit form of the free energy (5.6) becomes

20y = og(V-d)* + Ba(Vd)? + 73V : Vo
+ By(h-V x ¢)2 + 2B,(V-$)(h- Vo - b)
+ By(h- V) + B(Vd-h)
+ 2B4(h-V$)- (Vo -h) + Bg(h -V - h)2.

The corresponding free energy according to the Ericksen-Leslie theory in our
notation is

5.7

200 = kyy - (VH)? + (kyy — kyy — kas)(V-h)?
+ (kas — k2)(h-Vh)? + ky, Vh: Vh,

where k,, k,,, etc. are material constant. A similar expression with different
constants have been considered in the book by de Gennes.?®

It 1s interesting to note that if ¢ is replaced by h in (5.7) the expression for
the free energy of Ericksen-Leslie theory of nematic liquid crystal is recovered
with a few extra terms. It is therefore concluded that the main difference
between the present theory and that of Ericksen-Leslie is the consideration
of the gradient of the rotation of director field as an independent constitutive
variable in the present theory (which is a generalization of Eringen-Lee
theory) in contrast to the consideration of the gradient of the director field
itself as an independent constitutive variable in the Ericksen-Leslie theory.

(5.8)

6 RECTILINEAR PLANE FLOWS

Let us consider a flow which is in x direction and the flow vanables are
functions of only y and ¢, 1.e.

v = (vx(y9 t)’ o, 0)’ V= (O’ o, vz(_V? t))’

h = (cos 6, sin 6, 0), ¢ = (0,0, ¢,(y, 1)), (6.1)
0 = a(y, t).
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From equation (4.17) it follows that

a0

v2=9=§9

(6.2)

and hence

¢, = 6(y, 1). (63)

Equation (4.16) for p constant is identically satisfied. Equation (4.18)
becomes

%,

5 =P (6.4)

The nonzero component of the linear momentum equation is

a2 15} d
60 = of, — +(,u+ ) e K—O-l'- coszé)0+al
dy oy dy

0 2 v, )
+a 55 [sm 0(9+ ay)] a(,a (sin? 66)

—a, :—y(cosz 80) + ag ;y (sm2 6 cos? 6 %];7)

2
+ ¢, i(sin 6 cos 6v) — 1B, g sin 6 cos 0 %
dy dy dy

Jd . 09\2 d ¢\ 2
+ 1By, —|sinOcos O] | + 4F, = |sinfcos O] =] |
85 5, [sm cos (6y) ] iFag [sm cos (6y> ]

The equation of balance of angular momentum reduces to

(6.5)

0 ov, 53 o 0Ux
E(p,e) = pl, — K(E + 29) + (aq as)(é + cos® 6 E)

2

+ (a; — as)(f) + sin? 6 ) 562 (780 + 7,6)

d ) . a1l . 3
+ 5 [cos2 0 5 (B0 —+ blé)] + 3 [sm2 0 PN (B50 + b3H):|

0
+ i cosfsin 0 —[E; — Es — 2E )¢ + (e5 — e5 — 2e)v] .
dy ay

(6.6)
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Equation (4.21) also simplifies to

L . 8% a (. a¢
30.(¢ + ¢* — 6%) = pl + f, P +f26_y (sm2 65};)
0? 0 (. 3, J { . a0
+ F, 5;? + an—y (sm2 06_) + g, 6; (sm9c0596—y> 6.7)

+ Gzi sinGcosB% - L0 -
dy dy

Equations (6.4)-(6.7) are the basic equations for the unsteady rectilinear shear
flow of an extensible nematic liquid crystals. The solution of this set of
highly nonlinear couple partial differential equation is quite cumbersome
and will not be considered here. However the following limiting case will be
treated in more detail.

In the absence of body force, body couple and longitudinal microdefor-
mation discarding equation (6.7) we consider the steady shear flow between
two parallel plates. It is observed that for

¢ =v=0, (6.8)
equation (6.4) implies that
p, = const., (6.9)

and equation (6.5) accepts a simple steady shearing flow solution for constant
pressure field, i.e.
ve = Ny, (6.10)
where N is the shear rate. Assuming now 6 is only time dependent equation
(6.6) reduces to the following nonlinear differential equation,
P10 — (ag — as + a; — as + 2)0 — N(a; — as + a, — a)sin? O ©.11)
=(x + ag — ay)N. ’

For the special case when
K+ag—a,=0 6.12)

the steady equilibrium solution of (6.11) is simply § = 0 independent of the
initial condition. In other words the director field would align itself to the
direction of shear flow regardless of the initial starting direction. However, if
(6.12) is not satisfied, the equilibrium direction will be at some angle to the
flow direction, i.e.

(6.13)

) K+ a, —a 1/2
B=Arcsm( i 4 ) .

a6—a4+¢15~a7
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Note that the equilibrium angle ¢ as predicted by (6.13) is independent of
shear rate N. This is in agreement with the results of Gahwiller?” and Wahl
and Fischer?® who have observed steady angle as large as 17.5° with stream-
lines, independent of the magnitude of the shear rate.

7 FURTHER REMARKS

A theory of nematodynamics with stretch is presented in this study where the
effect of axial deformation of the director field is also considered. The aims of
this investigation were two-fold. The main objective was to present a direct
derivation (without using the concept of “reference configuration™) of the
quasi-linear version of Eringen-Lee theory of nematic liquid crystals, which
is generalized by consideration of the nonlinear microrotational effect in
stress tensor which follows from the nonlinear coupling in the entropy
inequality (3.5). By doing so, further similarities between the Ericksen-Leslie
theory and the present theory is revealed and some of the questions of
Shahinpoor?? is clarified.

Another objective of the present study was the consideration of the effect of
the axial stretch of the directors. According to de Gennes?? liquid crystals
could be formed of small organic molecules such as p-azoxyanisole (PAA)
which are rigid rods with length 20A and width 5A as well as long helical rods
with a typical length of the order 300A and widths 20A. Good examples
of this latter type are suspensions of the deoxyribonucleic acids (DNA)
or plastic fibers with length of the order of 100u and diameter of the order
of 10u.

The present theory could find applications in analysis of the dynamical
properties of liquid crystals made of such long and possibly stretchable
elements.
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