1 100084
) 100190

1990

Denis Weaire

A brief history of the physics of foams

SUN Qi-Cheng! TAN Liang-Hui?
1 State Key Laboratory for Hydroscience and Engineering Tsinghua University Beijing 100084 China
2 Institute of Process Engineering Chinese Academy of Sciences Beijing 100190 China

Abstract A liquid foam is a dense packing of gas bubbles in a relatively small amount of surfactant solution

and is common in daily life. However the physics underlying foams is poorly understood. For example sudsy
foam somehow behaves like a springy solid or flows like a fluid despite being made almost completely of air. The
statics of dry foams was established around the late 19th century through for instance the laws of equilibrium of
foam structure proposed by J. A. Plateau in 1873 and the optimal division of space with a tetrakaidecahedra 1.
e. Kelvin’ s partition by W. Thomson Lord Kelvin in 1887. After nearly a century’ s silence research on the
statics of dry foams was rekindled in 1992 by K. Brakke' s development of software for modeling liquid surfaces
shaped by various forces and constraints and the consequent finding of the Weaire-Phelan partition in 1993.
Since the 1980s the dynamics of both dry and wet foams became the focus of foam physics but many challenges
such as the rheological properties instabilities and so on still remain.
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Here we have a book in two volumes written by a dis-
tinguished man of science and occupied for the most
part with the theory and practice of bubble-blowing
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himself or the blind man of science teaching his
friends to blow them and making out by a tedious
process of question and answer the condition of the

forms and tints that he can never see

1849 Plateau “ Well
may you and your friends rejoice that though in the
body you have met with a heavy blow and great dis-
couragement still the spirit makes great compensation
and shines with glorious light across the bodily dark-
ness Tomaso Aste D. L. Weaire The
Pursuit of Perfect Packing. London CRC Press
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These he
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ber of mathematical figures made of wire.

to the wires very beautifully and perfectly regularly.

With some scientific end in view he is studying these
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On the Division of Space with Minimum Partitional Area®
Sir W. THOMSON

1. This problem is solved in foam, and the solution is interestingly seen in the
multitude of film-enclosed cells oblained by blowing air through 4 tube into the middle
of 4 soap-solution in a large open vessel. [ have been led o it by endeavours to understand,
and 1o illustrate, Green's theory of “extraneous pressure” which gives, for light traversing
acrystal, Fresnel's wave-surface, with Fresnel's supposition (strongly supported a5 it is
by Stokes and Rayleigh)} of velocity of propagation dependent, not on the distortion-
pormal, but on the ling of vibration. It has been admirably illustrated, and some ¢lements
rowards its solution beautifully in a manner ient for study and instruction,
by Plateau, in the first volume of his Statique des Liquides soumis awx seules Forces
Moléculaires.

2. The general mathematical solution, as is well kmown, is that every interface
petween cells must have congtant curvature** throughout, and that where three or more
interfaces meet in a curve or sieaight line their tangent-planes through any point of the line
of meeting intersect at angles such that equal forces in these planes, perpendicular to their
line of intersection, balance. The minimax problem would allow any number of interfaces
(o meet in a line; but for a pure minimum it is obvious that not more than three can meet
in a line, and that therefore, in the realization by the <oap-film, the equilibrium is
necessarily unstable if four or more surfaces meet in 2 line. This theeretical conclusion is
amply confirmed by observation, as we see at every intersection of films, whether
interfacial in the interior of groups of soap-bubbles, large or small, or at the outer
bounding-surface of a group, never more than three films, but, wherever there is
intergection, always just three fiims, meeting in a line. The theoretical conclusion as to the
angles for stable equilibrium {or pure minimum solution of the mathematical problem)
therefore becomes, simply, that every angle of meeting of film-surfaces is exactly 1207,

3. The rhombic dodecahedron is a polyhedron of plane sides between which every
angle of meeting is 120°; and space can be filled with {or divided into) equal and simitar
thombic dodecahedrons. Hence it might seem that the chombic dodecahedron is the

*Raproduced from Phil. Mag. (1B87) Vol. 24, Mo, 151, p. 903

**By “corvamre” of a surface [ mean sum of in mamally normal sections at
a0y point; not Gauss’ “eurvaum integra®, which is the product of 1he curvatues tn the two “principal normal
2ectinpg", or sections of greateat and lsast curvatore. (See Thomsan and Tait's "Natural Philosophy", pani,
$130 and §136.)
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