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Mathematics 

Soap bubbles and catastrophes 
from Ian Stewart 

MANY mathematicians think in pictures, 
and maintain that geometric ideas offer 
some of the most important insights in the 
subject. Others, who think in symbols, dis
agree. Be that as it may, a number of topics 
in the mainstream of current mathematical 
research have clear links to geometry. A re
cent example I combines ideas from the 
theory of minimal surfaces with Thom's 
theory of catastrophes 2-4 to shed new light 
on an old problem posed by soap bubbles. 

They find it convenient to work with a 
specific shape of loop, yielding a surface 
known classically as 'Enneper's surface'. 
The variational nature of the problem 
(minimizing area) is highly reminiscent of 
catastrophe theory (minimizing potential), 
but there are technical difficulties. In par
ticular, catastrophe theory is usually for
mulated for a finite-dimensional set of 
states, whereas minimal surface problems 
require an infinite-dimensional set. Never
theless, Tromba has developed tech
niques 12•13 to render catastrophe theory ap
plicable to the minimal surface problem, 
although a number of obstacles must still 
be overcome. The results add to the avail
able knowledge on a difficult and impor
tant problem: how many minimal surfaces 
are there that span a given loop? Indeed, 
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they furnish the first explicit example of a 
non-unique solution. The results also con
tribute to the generalization of catastrophe 
theory to variational problems in infinite 
dimensions, thereby bringing several new 
areas of application within its scope. D 
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The study of minimal surfaces goes back 
to the (blind) Belgian experimentalist 
Joseph Plateau, who in 1873 published a 
book, Statique Experimentale et Theor
ique des Liquides soumis aux seules Formes 
Moleculaires, dealing with the shapes 
assumed by soap films undet various con
straints. In particular he noticed that if a 
closed loop of wire is dipped in a solution 
of soap and glycerine, a surface forms, 
spanning the wire. Many elegant shapes 
can be constructed in this way. If gravity is 
ignored, such a surface will minimize the 
energy due to surface tension, that is, its 
area. Hence the name 'minimal surface'. 
The 'plateau problem' 5 asks for a rigorous 
formulation of this concept, and a proof 
that an arbitrary loop can be spanned by a 
minimal surface. It has been solved, in 
various settings (for example, refs 6-8); it 
has also been considerably generalized. 

St Helena Ebony tree saved 

Catastrophe theory, on the other hand, 
deals with discontinuous changes in the 
state of a system having an underlying con
tinuous structure. In its simplest and best 
known version, elementary catastrophe 
theory, it studies systems that minimize 
some energy-like potential function. The 
best known example, the cusp catastrophe, 
provides a universal description of the local 
competition between two stable states. 
Despite criticism of some speculative 
models, catastrophe theory has proved ap
plicable to a variety of problems 9 , 10, 

though not always those originally envis
aged by its creators. Now another area of 
application has emerged to augment the 
ever-growing list, and to confound further 
the pessimists. 

About a decade ago, Poston observed 
that soap films appear to undergo catas
trophe-like changes when the loop that 
they span is slowly deformed 11

• Specifical
ly, if a loop is constructed in roughly the 
shape of the seam on a tennis-ball, the film 
will span two stable minimal surfaces (by 
symmetry); but ifit is opened out into a flat 
circle, it spans a unique surface. Poston 
argued persuasively that the transitions 
between these competing states should be 
described by cusp catastrophe geometry, 
but gave no proofs. This conjecture has 
now been demonstrated rigorously by 
Beeson and Tromba 1• 

from Mark Williamson 

ST HELENA is probably best known as the 
oceanic island to which Napoleon was ex
iled. To biologists it is also known for its 
extinct flightless birds and remarkable 
endemic trees. It is also a classic example of 
the destruction of the biota of an oceanic 
island by man 1; the introduction of goats 
and other species and the stripping of bark 
for tanning have all contributed to the 
decline of the native flora . Therefore, par
ticularly as 1984 is Plant Year of the World 
Wildlife Fund, it is a pleasure to record that 
about 12 species endemic to St Helena are 
now being cultivated 2, including one that 
had been thought to be extinct for 130 years. 

The island is a mere 121 km 2, lying in the 
South Atlantic at 16° south. It is ringed by 
cliffs rising to 200 m or more, while the cen
tre of the island rises to just over 800 m. It 
was formed by volcanic action 7-15 Myr 
ago, in the Miocene. A mere 36 species of 
flowering plants are definitely native3•4 and 
no fewer than 33 of these are endemic. 
Another 20 or so species may be native, but 
even with them the list would be remarkably 
short. An equivalent area in England would 
have roughly ten times as many species. 

Two of the most remarkable of the ende
mic species are the Redwood 5 and the 
Ebony, now placed in a genus of their own, 
Trachaetiopsis6, in the Sterculiaceae, a 
chiefly tropical family which includes the 
Cocoa and Kola trees. The nearest relatives 
of the Ebony and Redwood are the six 
species of Trochetia found only on the 
islands of Mauritius and Reunion in the In
dian Ocean. The Ebony seems to have been 
a dominant small tree in the lower arid 

parts of the island, while the Redwood was 
found in the more mesic zone higher up 7• 

Whereas the Redwood has continued to 
survive on St Helena, albeit now only in 
gardens, the general assumption had been 
that the Ebony became extinct sometime 
after the 1850s. But in November 1980, 
George Benjamin, a forest guard, and 
Quentin Cronk, of the University of Cam
bridge, found two bushes of Ebony grow
ing on a cliff8• In January and February 
1983 Cronk was back on the island with 
Simon Goodenough, of the Royal Botanic 
Gardens, Kew. Cuttings from the Ebony 
were established 2•9 and the plants have now 
flowered at Kew. The Ebony can be pro
pagated both by cuttings and by seeds, and 
there are now plans to plant several hun
dred back on the island 2• Since all the 
plants are derived from two bushy indivi
duals, the genetic type and range of the sur
vivors may differ appreciably from the 
generality of the original stock. But it looks 
as though the species has been saved. D 
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