density ppzo is approximately 11.1% larger than that of
H,0, could be titrated into the bath, thereby facilitating
on of Ap and thus of Bond number. After the
ends of the rods had been wetted with liquid crystal,
the tank was filled with H,O. The length of the column
was controlled by the m meter, which allowed us
to translate the top rod upward. As we did so, more
\qlml crystal was injected into the gap in order to
maintain a right circular ¢ lindrical bridge. i
V = rd” 1./4. Upon reaching a desired
R (less than xt), the entire assembly was heated to 36.5°C,
above the nematic-sm A transition lemperature
Tua=335°C. As the density of the nematic pt
pn=0985 [18] is less than the water bath
(Ap ~0.009 gem ), the bridge began to deform (figure 2),
but did not collapse. DO of density ppao = 1.102 at
T =36.5°C was then titrated into the tank in order to
further in e Ap. For sufficiently large Ap the bridge
finally collapsed. Note that during this process the
volume of the bridge remained constant, even as il
became deformed by the addition of D,O to the bath
Coriell, et al. calculated the maximum value of the
initial slenderness ratio R for an isotropic liquid that
corresponds to the limit of stability for a given Bond
number B [4]. Throughout the region B=<0.1, an
excellent approximation to their result is the empirical

a volume

slenderness rd

¢

form
(B> P
R=a+ b, exp( +h_.mp( 2)
Figure 2 \)Lr\mmd but \mtm nematic bridge. The density
of the

resulting in an upward bulge of the liqiid crystal.

where the five dimensionless parameters a
b, =081, b,=012, ¢ =0071, and
Additionally, Meseguer found an analytic asymptotic
form, viz. R = =[ 1 —3/2(3/2B%)'*] [19]. although this
is valid only in the limit of B — 0 and breaks down in
the larger Bond number region of our experiment.

that the nematic phase behaves as an
ordinary Newtonian fluid, we substituted equation (1)
into equation (2). This gives R at the stability limit in
terms of Ap (which is the experimentally-controlled
variable) and & at the nematic-water interface (which is
the unknown parameter). The stability of the nematic
bridge was examined for a number of dillerent slenderness
ratios, all of which gave consistent results. From the data

Assum

we extracted
Fi

surface tension ¢ =(16+ 1)ergem

gure 3 shows R versus the density misn atch Ap at
which the bridge col equation (2),
is a best fit to the data with the fitting parameter
=16 ergem 2. The behaviour of the nematic bridge is
clearly similar to that of an isotropic Newtonian liquid
bridge [4]. This is not really s s the only
significant differences between the two are the orien-
tational order of the nematic phase and the associated

pses. The curve, cf

clastic energy associated with director distortions. In
order to estimate the role of orientational elasticity, we
the elastic energy associated with a pinching

of the bridge; this would approximately correspond to
the energy of a hemispherical cap of radius r=d/2
Neglecting the energy associated with disclinations, we
may estimate the ¢ i nematic cap as
Fopaese ~ 1/2Kr ™% x 2/37r%, where K is a typical elastic
constant of order 10 “dyn [20]. ing r as the
radius of the end of the bridge (r=0.16cm), we find
ie~2 % 107 "ergs. On the other hand, the energy
associated with the surface tension for the hemispherical
cap is Fyree ~ 216, or approximately 3 ergs. Owing
to the large radius of curvature, the surface term is
clearly orders of magnitude larger than the e
nce we would expect the elasticity of the

stic term

In consequ
nematic phase to play only a negligible role in the
behaviour of the bridge, and the nematic bridge would
respond in a manner similar to that of an isotropic
liquid bridge

The smectic A phase
Let us now turn to bridges in the smectic
smectic A phase i1s known to exhibit significant ‘shear
wherein the viscosity decreases markedly
7 rate. The viscosity versus shear
as measured for 8CB more than a dozen
years ago, and was found to exhibit extreme thinning
behaviour [ 217. In addition to the non-Newtonian shear
thinning, bulk smectic A samples tend to exhibit visco-
clastic behaviour with a shear yield stress V.

For shear




