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We present experimental evidence to support the nonsingular model for screw discli-
nations of strength S =+1.

Constraining a nematic in a long cylinder so
that the director has only a radial component
(perpendicular to the cylinder axis) results in a
splay deformation energy' which has a logarith-
mic divergence as r-0 (r being the distance from
the cylinder axis). This necessitates the intro-
duction of a core region where the approximation
of linear elasticity breaks down. It has recently
been shown that the divergence in the splay en-
ergy can be avoided by the addition of a finite
amount of bend deformation. ' The resulting di-
rector field has a radial component which de-
creases as r-0 but a z component (parallel to
the cylinder axis) which increases as r-0. The
net energy is then finite, smaller than a pure
splay configuration, and does not require a core.
Fig. 1(a) shows the theoretical configuration in
the case of methoxybenzilidenebutylaniline (MB-
BA) for which we have taken K»/Ii»—- 0.7; K» is
the bend elastic constant and K» the splay elastic
constant. '

This Letter gives experimental evidence which
supports the nonsingular model.

A thin film of hexadecyltrimethyl ammonium
bromide on a clean glass surface orients the di-
rector of MBBA molecules perpendicular to the
surface. We have treated the inside surface of a

glass capillary tube such that an S=+1 disclina-
tion line (rotation of 2@of the d'irector along a
path coinciding with the boundary, r=R) is gen-
erated. The tube was then inserted in a layer of
optical epoxy resin between two glass plates to
avoid optical effects due to its cylindrical shape.
The tube was studied with its axis perpendicular
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FIG. 1. (a) The Inolecular orientation around a radial
S=+1 line deduced from Cladis and Kleman's (Ref. 2)
model for MBBA [EBB=8&10 (cgs), Kii/E33=0 7J. .
(b) Experimentally deduced values for {Jt) as found from
measuring the inclination of the extraordinary image
with respect to the ordinary image.
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FIG. 2. (a) Focusing slightly above the diametral
plane of the tube, an intense fluctuation of the extraordi-
nary ray is seen everywhere except in the middle of the
tube. The polarization is perpendicular to tube axis
and the analyzer is removed. Turning the polarizer by
90' results in the reversa1 of this contrast (see text).
(b) Image doubling due to the tilt of the director with
respect to the incident beam. The fainter dots for r & 0
correspond to the ordinary ixnage and the brighter ones
to the extraordinary image (since the polarizer is 90
to the tube axis) . In the center of the tube the intensity
relationship is reversed.
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FIG. 3. The singular points shown here lie in the
plane perpendicular to the tube axis where the bend
angle changes sign (polarizer perpendicular to tube
axis, no analyzer). The molecular repartition as de-
duced from the double-image technique is shown in
Fig. 4.

to the microscope axis.
We have observed the equilibrium configuration

which appears a few minutes after the prepara-
tion of the sample. With a polarizing microscope,
we can see the flickering of intensity of the light
associated with fluctuations of the extraordinary
refractive index. If the axis of the tube is per-
pendicular to the direction of polarization of the

incoming light and we focus on a plane containing
this axis (no analyzer), the flickering is visible
everywhere except in the center of the tube. The
situation is reversed if we rotate the sample by
v/2, i.e., the flickering is now only along the tube
axis. Furthermore, it is always highly aniso-
tropic. At r= 0 it is parallel to the cylinder axis.
As ~-R, it curves continuously to become per-
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pendicular to the axis at the boundary, r =R. It
indicates a smooth curvature of the molecular
orientation [Fig. 2(a)].

Another way of seeing the molecular orienta-
tion is to observe the image of a regular pattern
of luminous dots through the tube. Each dot gives
rise to an ordinary image and an extraordinary
image displaced with respect to one another by
an observable distance. ' In our geometry the
doubling of the dots is minimal when focusing on
a plane close to the medium plane of the speci-
men. Raising the focus from that position results
in the appearance of two distinct sets of dots
[Fig. 2(b)]. The inclination of the displacement
is a measure of the bend component of the direc-
tor in the plane of observation. It is to be no-
ticed that the anisotropy of the intensity fluctua-
tions is directed along the displacement direction
of the extraordinary image. We have measured
the inclination of the displacement as a function of
the ratio r/R and have compared this angle with
the theoretically computed value' y (inclination
of the molecules on a diametral plane) using the
expression
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r cosk sing —(1 —sin'k sin'y) '~'

R cosksiny+(1- sin'k sin'y)'~'

xexp(- g tank),

where sing = sink sing and tan'k = (K» —K»)/K».
Even without correcting for the optical geometry,
the agreement with theory is reasonable.

We have frequently observed singular points
appearing along the tube axis. These occur when
the bend direction changes (see Fig. 3) and are of
two types which alternate along the line. Two
consecutive points can annihilate leaving no trace.
The projections of the molecular orientation on
the observation plane, as deduced from the dis-
placement of images, are shown in Fig. 4. Vary-
ing R from 20 to 200 p,m has not led to any quali-
tative difference in these observations.

In summary, these results prove definitely that
the planar solution for the 8=+1 disclination is
not an equilibrium configuration and that the di-
rector has a component out of the plane which in-
creases monotonically from the outside boundary
to the center of the tube at r =0. The results are
consistent with the nonsingular model but do not
enable one to rule out the existence of a core of

FIG. 4. Molecular inclination as found by the method
of double images around a singular point for two cases
we have observed,

radius smaller than a few micrometers.
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F. C. Frank, Discuss. Faraday Soc. 25, 1 (1958).
P. E. Cladis and M. Kleman, to be published. We

have recently been made aware of a similar calculation
by R. B. Meyer (private communication) restricted to
the case of isotropic elesticity. Meyer has also studied
the S=+ 1 lines in a capillary tube. The present paper
supplements his observations by the use of the imaging
technique described in this paper and by the observation
of singular points along the cylinder axis.

See for example, N. H. Hartshorne and A. Stuart,
Crystals and the Polarizing Microscope (Edward Arnold
and Company, London, 1970), 4th ed.
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