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= PREFACE

In this book I have set out to introduce the physics of structurally disordered
matter to those who are starting research in some aspect of this vast field, or
considering whether to start. I have tried to write the book I wish had been
available for my research students—not to speak of myself—when I took up
experiments on liquid metals many years ago.

Those who have already begun research in, say, thermal motion in metallic
glasses will be rapidly acquiring much more expert knowledge than this
introduction offers. 1 have assumed, however, that this means they will be
more, not less, likely to be intérested in some other (but possibly related)
aspects of some other (but not wholly dissimilar) systems; say, electronic
motion in liquid alloys.

I also hope the book might be a useful source for lecturers in universities
~ and polytechnics who like the idea of introducing more about disordered
systems into their courses on condensed matter than is usual at present.

It would not be difficult to compile an “anti-index’ of subjects which might
have been in the book but are not: liquid crystals, liquid helium, polymers,
ionic melts and other things of which I regret the absence. Selection was
dictated by the ratio of subject matter to available time—a parameter which
showed an alarming tendency to diverge and needed a somewhat arbitrary
cut-off.

There should be a word about the references. For the most part they are
simply those I found useful myself. However, they are numerous and I
should be surprised if they do not help a reader new to the field to become
rapidly involved in the literature. This I took to be one of the functions of an
Introduction.

I am not particularly attracted to formal dedications but would like to add
that while writing the book I often thought of my research students and
collaborators, and of the pleasure of working with them.

. N E Cusack
March 1986
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section
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Molecular dynamics

Modified hypernetted chain
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Optical density of states

Optimised random-phase approximation

Ornstein-Zernike

Photodarkening

Photothermal deflection spectroscopy

Plasma-enhanced chemical vapour
deposition

Photoluminescence

Photostructural (change)

Percus—Yevick

Quasicrystalline approximation

Radial distribution function

Rudermann—Kittel-Kasuya—Yoshida
(interaction)

Random-phase model

Space-charge-limited currents

Spin—orbit

Short-range order

Staebler—-Wronski effect

Tight-binding approximation

Temperature coefficient of resistivity

Transmission electr‘)n microscopy

Two-level system_

Transient photoabsorption

Transient photocurrent

Time temperature transformation (curves)

Ultraviolet photoelectron spectroscopy
Virtual-crystal approximation
Weeks—Chandler—Andersen

X-ray photoelectron spectroscopy

9.7
&
44
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4.2
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Just before 6.1
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Thermal diffusivity
Activity
Scattering length
Tight-binding band width
nth virial coefficient
Concentration of i
Direct correlation function
Heat capacity
Density, critical density
Fractal dimension
Diffusion coefficient
Dangling bond energies
Energy
Mobility edges
Fermi level
Force
Fermi function
Scattering amplitude
Helmholtz free energy
Total structure factor
g-factor (density of states)
g- or splitting factor
Pair, triplet, . ..,
distribution function
Total pair distribution function
Partial pair distribution
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ORDER AND DISORDER:
AN INTRODUCTORY DISCUSSION

It would be businesslike to open with clear definitions of order and disorder

~and then to proceed at once to introduce the physics of disordered matter.

This is not so easy. The word ‘order’ in English, and even within science, has
many meanings. Like other verbal borrowings by science, it carries 2 number
of associations from everyday life. It has been argued that it is something of
a waste of time to seck a definition of order: everyone knows more or less
what is meant, precise definitions can always be given when it comes to
detailed scientific problems and that is what really matters. This is somewhat
reminiscent of the words of Robert Herrick ir a theological context:

God is above the sphere of our esteem
And is the best known not defining Him.

There is a great deal to be said for this opinion and certainly it appears to
be widely held in so far as there are many cogent writings on matters of order
and disorder in physics which manage perfectly well without any discussion
of the general concept. Nevertheless, while accepting that order might be
defined in various ways using language from more than one discipline,
it seems worth spending a little space trying to formulate at least one
definition.

What is required is a definition of order that covers all that is needed in
physics but does not exclude things in other spheres, such as nature or art,
which common intuition would also regard as ordered. Disorder then fol-
lows as absence of, or a detraction from, order. This immediately raises the
question: must order be either present or absent, or is it a matter of degree?
It is necessary to have the concept of perfect, complete or ideal order and
perfection is indeed either present or not; it is equally necessary to recognise
that greater or smaller departures from perfection are conceivable and that
numerical measures of the amount of order, called order parameters, will be
indispensible. : ;

1.1 Ordering rules

The first proposition is,that a set of things is ordered or not in respect of a
particular property that all the things possess. Since an object can have n



