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Nobel win for crystal discovery

By Jennifer Carpenter
Science reporter, BBC News

The Nobel prize for chemistry has gone to a single researcher for his discovery of the
structure of quasicrystals.

The new structural form was previously thought to be impossible and provoked controversy.

Daniel Shechtman, from Technion - Israel Institute of Technology in Haifa, will receive the
entire 10m Swedish krona (£940,000) prize.

The Nobel prize in chemistry caps this year's science awards.

Professor David Phillips, president of the Royal Society of Chemistry, called quasicrystals
"quite beautiful”.

He added: "Quasicrystals are a fascinating aspect of chemical and material science - crystals
that break all the rules of being a crystal at all."

Dr Shechtman had to fight a fierce battle against established science to convince others of
what he had first seen in his lab at the National Institute of Standards and Technology in
Washington - formerly called the National Bureau of Standards - on an April morning in 1982.
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| Preface

Introduction

An appreciation of symmetry appears to be a feature of the human mind: even
‘ the earliest human artifacts were shaped in ways which transcended the purely
atilitarian. The mathematical theory of symmetry grew out of investigations
into the solutions of polynomial equations. Developing ideas of Lagrange and
Abel, Galois discovered that the nature of these solutions could be determined
by studying certain symmetries of the equation. It was from this work that the
concept of a group as a mathematical device for measuring symmetry gradually
evolved. :

! The theory of groups is one of the most successful branches of algebra with
applications which range from error—correction in communication systems to
the existence of elementary particles. But although group theory is certainly
concerned with symmetry, it is by no means the case that the converse is true.
' This was highlighted in spectacular fashion in 1984, when Shechtman et al
announced the discovery of a metallic phase whose diffraction pattern showed
Tcosanedral symmetry, something which had long been assumed impossible on
the basis of a result from group theory known as the ‘crystallographic restric-
tion’. The fawt lay not in group theory, but in the assumptions underlying
the translation of the intuitive idea of symmetry into a mathematical one. As
in all translations, something was lost in the process.

! In this book, we concentrate on just one aspect of our intuitive idea, of
symmetry which fails to be captured by groups: namely, the relationship be-
tween the parts and the whole. To see that group theory does not capture
this relationship in a satisfactory way, one need only consider those natural
forms, modelled by fractals, which are not highly symmetrical in the classical
sense, but do possess self-similarity properties in which the whole is repeated
at smaller scales. We instinctively feel that such forms possess symmetry but,
due to their global irregularity, not of a kind which can be detected by groups.
Self-similarities are examples of what we term partial symmetries, by which
we mean symmetries between the parts of a structure. Partial symmetries are

vii
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