
 

Mathematicians get a handle on centuries old
shape
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 It has been almost 230 years since French general and mathematician
Jean Meusnier's study of soap films - the same kind used by children
today to blow bubbles -- led to one of the fundamental mathematical
examples in geometric optimization. Meusnier showed that one of
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nature's simplest geometric figures - an ordinary two-dimensional plane
-- could be twisted infinitely into a helicoid, a shape that has the delicate
balance everywhere of a soap film.

Meusnier offered mathematical proof that the helicoid - which
resembles a parking garage ramp -- was a "minimal" surface, meaning
that each part of the surface had the same shape as a curved soap film. In
new findings published online today by the Proceedings of the National
Academy of Sciences, a team of mathematicians from Rice, Stanford
and Indiana universities offers the first proof since Meusnier's for a new
type of minimal surface that meets the same criteria of being an
infinitely twisted version of a fundamentally simple shape.

Mathematicians Matthias Weber of Indiana, David Hoffman of Stanford
and Michael Wolf of Rice call the new surface a "genus one helicoid."
From far away, the surface looks much like Meusnier's helicoid.
However, when untwisted, the new shape differs from the flat plane of
Meusnier's untwisted helicoid in a key way: It has a curved handle, much
like the handle one might find on the flat lid of a kitchen pot.

"A soap film spanning a bent coathanger -- regardless of how many
twists you add to the hanger -- will use the least amount of material
necessary to do that work of spanning," said Wolf, professor and chair of
the Rice's Department of Mathematics . "This was a natural optimization
problem for 18 th and 19 th century geometers and physicists to study,
and it shed light on many problems where one is interested in the best or
most efficient shape to serve a purpose.
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"What mathematicians are finding in the past 25 years is that these
surfaces are far more abundant than most people ever dreamed," Wolf
said. "Until recently, most people would have guessed that any attempt to
sew a handle onto a helicoidal soap film would have destroyed the soap
film, even theoretically."

Hoffman and colleagues first identified the shape of the genus one
helicoids in 1992, but the latest paper offers the first full theoretical
proof that the new shape never doubles back to intersect itself.

Given the high-powered computational tools available in the 21 st
Century, one might expect that Weber, Hoffman and Wolf's proof would
contain computer code or computational tools unavailable to an 18 th
Century scholar like Meusnier. In reality, the two documents are more
similar than not, Wolf said.

"Computers have certainly influenced some aspects of mathematical
research," Wolf said. "Mathematicians can use computers to experiment
with some of the phenomena they study in very sophisticated ways. In
this case, my collaborators had strong numerical evidence that what we
were trying to prove was true and that our basic approach reflected what
was true in nature.
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"However, mathematicians still require the same sort of airtight,
absolutely convincing argument that they always have," Wolf said.
"Providing that was the challenge here, even after we were quite sure
that this surface existed."

The proof itself runs more than 100 pages and contains no computational
evidence, only prose and logic.

Wolf said that while it is impossible to predict how the research will be
applied to specific scientific problems, history has shown time and again
that mathematical discoveries are almost invariably transmitted and
transformed into useful solutions for society.

"I don't know of a practical use of a helicoid with a handle, but now I
know that soap films are more flexible than they were once thought to
be," Wolf said. "That adds to our understanding of shapes and
optimization, and though there is an excitingly broad range of
possibilities, no one can ever really know where it will lead."

Source: Rice University
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