
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 07:26
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

Stability of One-Dimensional
Director Structures in
Ferromagnets and Liquid
Crystals
W. F. Brown Jr. a , S. Shtrlkman b c & H. Thomas d
a Department of Electrical Engineering, University of
Minnesota, Minneapolis, Minnesota, 55455, U.S.A.
b Department of Electronics, The Weizmann Institute
of Science Rehovot, Israel
c the Air Force Office of Scientific Research, United
States Air Force
d lnstitut für Theoretische Physik der Universität,
Frankfurt, 6000, Frankfurt, Germany
Version of record first published: 21 Mar 2007.

To cite this article: W. F. Brown Jr. , S. Shtrlkman & H. Thomas (1973): Stability of
One-Dimensional Director Structures in Ferromagnets and Liquid Crystals, Molecular
Crystals and Liquid Crystals, 22:3-4, 375-378

To link to this article:  http://dx.doi.org/10.1080/15421407308083357

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,

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407308083357
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

7:
26

 2
3 

Fe
br

ua
ry

 2
01

3 



Molecular Crystals and Liquid Crystals. 1973. Vol. 22, pp. 375-378 
Copyright @ 1973 Gordon and Breach Science Publishers 
Printed in Great Britain 

Stability of One-Dimensional Director 
Structures in Ferromagnets and 
Liquid Crystals 
W. F. BROWN Jr. 

Department of Electrical Engineering 
University of Minnesota 
Minneapolis, Minnesota 55455, U.S.A. 

S. SHTRlKMANt 
Department of Electronics 
The Weizmann Institute of Science 
Rehovot, Israel 

and 

H. THOMAS 
lnstitut fur Theoretische Physik der Universitat 
Frankfurt 
6000 Frankfurt, Germany 

Received October 11, 1972 

Abstract-Director structures in an infinite slab in the presence of a magnetic 
field are considered. The director is pinned parallel to the slab faces on one 
of the faces and is free on the other face. It is shown that when the field is 
parallel to the direction of pinning, the only stable state is that of a uniform 
director field. It follows that in ferromagnetic slabs pinned by exchange 
anisotropy on one side, it is impossible to introduce a multiturn helix by 
rotation in a uniform magnetic field. A similar result follows for a nematic 
liquid crystal pinned by the Chatelain method. 

The stability of one-dimensional ferromagnetic structures has been 
considered by Brown and Shtrikman.(l) They &owed that under 
strict one-dimensional conditions (possible only in a slab of infinite 
traverse dimensions), all solutions in which the magnetization M is 
nonuniform are unstable. The purpose of the present paper is to 
augment the study of Brown and Shtrikman by relaxing one of the 
restrictions assumed in their treatment: namely, we allow, on one 

t Sponsored in part by the Air Force Office of Scientific Research, United 
States Air Force, under Grant AFOSR 72-2368. 
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376 MOLECULAR C R Y S T A L S  AND L I Q U I D  CRYSTALS 

of the faces of our slab, a surface anisotropy so strong that it pins the 
magnetization to a particular direction parallel to the surface ; we 
take this direction as the z axis. Bulk anisotropy is allowed, provided 
an easy axis is along z. The magnetic field is uniform and parallel to 
z. Under these conditions the state of uniform magnetization along z 
is a state of equilibrium(2) and is in fact the state of lowest free energy ; 
for in this state the essentially nonnegative exchange energy and 
magnetostatic self-energy are zero, and the crystalline anisotropy 
energy and the energy in the external field are minimized. 

We have because of the 
pinning at  x = 0 

Now consider any other state M,(x). 

H,(O) = H,(O) = 0. 

To test whether this state can be one of stable equilibrium, we must 
consider a slightly varied state M, described by continuous functions 
(with piecewise-continuous derivatives) and still satisfying the 
boundary condition (1). For the state M, we take 

(2) 
M,(x) = M,(z) = 0, 0 < x < 6, 

M(x) = M,(x -a), s < x < a ,  

where d is the thickness of the slab. Since the distribution is one- 
dimensional, the magnetostatic self-energy can be treated as localized 
anisotropy energy.(l) Then the energy of the region 6 < x < d in 
state M, is the same as the energy of the region 0 < x < d - 6 in state 
M,; and the energy of the region 0 < x  < 6  in state M, is less than 
or at  most equal to the energy of the region d - 6 < x < d in state M,. 
Thus if M, is a state of equilibrium, its equilibrium i s  unstable or at  
best neutral (in the latter case, successive variations 6 of the same 
type will ultimately produce instability, provided M, differs any- 
where from M,). 

Thus we have shown that the only y- and z-independent stable 
equilibrium, for our (centrosymmetric) ferromagnetic slab pinned on 
one side, is the uniform state. 

Consider a 
ferromagnetic slab exchange-coupled(3) to an antiferromagnetic one 
in such a way that the magnetization on the ferro-antiferro interface 

What are the physical implications of our proof? 
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is parallel to the interface. What will happen if we rotate this 
composite through several revolutions about an axis perpendicular to 
its surface, in a very strong uniform magnetic field (small, however, 
compared with the antiferromagnetic spin-flop field) parallel to the 
surface? Heuristically or intuitively, one may a t  first think that a 
helix is squeezed in, whose total angle of rotation is equal to the 
total angle of the field rotation. Our proof shows that this cannot 
be the case (at least if the contemplated final state is of the simple 
type in which M is independent of y and z), and that after a full 
rotation, we must somehow return to the original state. Note that 
the same conclusion applies if the rotation axis is, say, in the plane 
of the slab and perpendicular to the magnetic field, or if the field 
rather than the slab is rotated. 

The results may be applied also to  liquid crystals.(4) The hydro- 
dynamic liquid-crystal equations are given in terms of the director n, 
which is a unit vector parallel to the local direction of molecular 
alignment. In terms of the director, the free energy of the " iso- 
tropic " nematics(5) is given, in the present problem,@) by the same 
expression as the exchange energy in an isotropic ferromagnet. 
Thus we can take over what was done in the ferromagnet t o  the 
nematic liquid crystal. Pinning in this case is achieved by the 
Chatelain method, namely placing the liquid crystal on a glass plate 
which has been rubbed in one direction.(') We can again use a rotat- 
ing magnetic field to  start twisting the molecules, as in many cases,(* 
the anisotropy of the diamagnetic long molecules tends to make their 
long axes parallel to the field. Because of the tensor character of the 
interaction, we must in this case return to  the original state after a 
rotation by rr. Again we cannot produce a helix (at least of the Y- 
and z-independent type) by rotating a uniform field. 

If the magnetization or the director is pinned on both faces (with 
the same pinning direction on both), the instability theorem again 
holds for states M, such that M,(d -2) = M,(z). I n  this case, we 
consider a varied state M ,  described by Eqs. (2) for 0 ,< x < d / 2  and 
by M,(d - z) = Md(z) for d / 2  < z < d. Thus rotation of such a plate 
in a field, or rotation of the field, cannot produce a helix a t  least of 
the simple type one might intuitively expect. 
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