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Materials science has witnessed incredible change and technological development over the
past few decades and no more so than in the application of optical microscopy. So fast has
been the pace of this change that the authors felt there was a real need for a new book that
discusses the potential of the latest optical microscopes for materials science research. The
main objective for computer-assisted microscopy is to make the most effective measurements
of the 3D structure of materials and to make the measurement as quickly and efficiently as
possible so as to interpret the resulting images without undue bias. The authors hope this book
will do justice to the types of measurement that are now possible and point the way to uses of
novel optical microscopy techniques in materials science.

The book is in three main parts. In Part | the authors review the basic principles behind the
traditional view of optics (leading on to optical microscope design) and microelectronics
(leading on to computer hardware, software and image analysis). In Part Il, the practical issues
involved with the acquisition and interpretation of images from standard optical reflection
microscopes and also confocal laser scanning microscopes (CLSMs) are presented. Also, two
major case studies are discussed which aim to show the reader how ideas from Part | are
synthesised into real applications. In Part lll, the emphasis is on alternative, non-optical
microscopy techniques for the characterisation of material structures and two further case
studies are presented on the use of X-ray microtomography and low frequency ultrasonics for
fibre-reinforced polymer composites research.

Dr Ashley Clarke graduated from Imperial College, London in 1967 and stayed on to gain his
doctorate in space physics in 1972. After a brief research assistantship at Imperial College he
later joined the University of Leeds as a lecturer in physics in 1972. In the 1980s he designed
the microprocessor-based Vela datalogger for school science laboratories. He was appointed
Senior Lecturer in 1991. For the past thirty years, he has been actively involved with various
research activities: ground-based astronomy, balloon-based and far-infrared astronomy and
computer-assisted microscopy for materials science. He has taught physics, electronics and
microelectronics and is on the Editorial Board of the Journal of Microscopy.

Dr Colin Eberhardt graduated from the University of Leeds in 1996 with a degree in Physics and
Mathematics. He later undertook his PhD under the supervision of Dr Clarke. His PhD thesis
involved work with ICI and DuPont, focusing on automated microscopy techniques for materials
characterisation. Following the completion of his PhD in 1999, he continued to work within the
group as a Research Fellow and his interests broadened to include studies of textiles using X-
ray microtomography. Dr Eberhardt is currently a Product Specialist within the microscopy and
imaging company, VisiTech International and is a Light Microscopy Section committee member
in the Royal Microscopical Society. '
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Preface

At last the book is finished — and I have now been asked to put my mind to the
Preface! It occurs to me that writing a Preface is a unique art form. Admittedly,
after limited research into Preface-writing, I propose, like innumerable authors
before me, to start with the usual whinge — yes, to paraphrase Mrs Beeton from
the Preface of her famous cookbook, if we had known ‘... what courageous
efforts were needed to be made’, I am quite sure that we would never have
started this enterprise. However, it is clear that one of the sensible reasons for
co-authorship is that it has, at least, halved the agony for each of us.

In a sense, our book could be considered a kind of ‘cook-book’ — a cook-book
for any reader who is interested in image processing and microscopy as a means
to a materials science research end. Over the past two years, the original form of
the book, as previously discussed with Patricia Morrison in 1999, has changed
- dramatically, but we hope, for the better. We have tried to minimise the
mathematics that underpins these topics, and have concentrated on the practical
issues (and pitfalls) one comes across when acquiring and analysing image data
using various microscopic and tomographic measurement techniques. We have
also made a real effort to expunge all spelling and grammatical faux pas and
believe that, scientifically, the equations are correct and the conclusions
presented (such as they are) are sound. In view of the speed of evolution in
microscopic measurement techniques, this book can only hope to be a snapshot
of the current situation and we suggest that readers follow the latest research
articles in journals like the Royal Microscopical Society’s Journal of
Microscopy to keep abreast of future developments. Also, you might like to
keep checking our Department of Physics and Astronomy website here at the
University of Leeds to see our latest 3D reconstructions.

Recently, a colleague of mine in the Molecular Physics and Instrumentation
Group said that he did not have a clue what I had been doing (research-wise) for
the past ten years — well, this book is for him. In effect, the various case studies,
in the latter two thirds of this book, catalogue my research team’s attempts to try
to understand how to make the best measurements of fibre orientations and their
spatial distributions in both composites and textiles materials. They provide
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testimony to just how far we have progressed from the initial 2D image analyser
(which was attached to a standard optical reflection microscope), via the
confocal laser scanning microscopes (Biorad MRC500 and Noran Olympus) and
finally onto the X-ray microtomography and ultrasonic ‘time of flight’ systems
(whose full potential we are still exploring).

One of the most difficult decisions we had to make was where to start the
book. We eventually decided, without wishing to insult the intelligence of the
reader, that a good place to start would be to review some background topics.
Therefore, the first part of the book sets the scene for what later follows and is a
rapid canter through historical developments in both optics and electronics,
which have naturally led to the current computer-assisted, microscopy
techniques that exist today.

We hope you like our sprinkling of apt quotations. Most books that deal with
science, computers or computing are often incomprehensible and tedious. It is a
pity that the surrealism of Lewis Carroll’s works cannot be sustained throughout
a ‘scientific’ book like this one. I have been looking for literary allusions to
microscopy and, as might be expected, Carroll has something appropriate to say
(aimed at children) in ‘The Professor’s Lecture’ from one of his lesser well-
known works, Sylvie and Bruno Concluded:

... he beckoned the Gardener to come up on the platform, and with his help
began putting together what looked like an enormous dog-kennel, with short
tubes projecting out of it on both sides.

‘But we’ve seen elephants before,” the Emperor grumbled.

“Yes, but not through a Megaloscope!” the Professor eagerly replied. “You
know you can’t see a Flea, properly, without a magnifying-glass — what we
call a Microscope. Well, just in the same way, you can’t see an Elephant
properly without a minimifying-glass. There’s one in each of these little
tubes. And this is a Megaloscope! ...”

Lewis Carroll then goes on to describe a hilarious scene with the megaloscope,
and a second passage from the same Professor’s Lecture also touches upon the
central theme of our book.

... ‘Our Second Experiment’, the Professor announced, as Bruno returned to
his place, still thoughtfully rubbing his elbows, ‘is the production of that
seldom-seen-but-greatly-to-be-admired phenomenon, Black Light! You have
seen White Light, Red Light, Green Light, and so on: but never, till this
wonderful day, have any eyes but mine seen Black Light! This box’, he said,
carefully lifting it upon the table, and covering it with a heap of blankets, ‘is
quite full of it ... would anyone like to get under the blankets and see it?’

Dead silence followed this appeal: but at last Bruno said ‘I'll get under ...

... ‘What did you see in the box?’ Sylvie eagerly enquired.

‘I saw nuffin!” Bruno sadly replied. ‘It were too dark!’

‘He has described the appearance of the thing exactly!’ the Professor
exclaimed with enthusiasm.
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Black Light, and Nething, look so extremely alike, at first sight, that I don’t
wonder he failed to distinguish between them! We will now proceed to the
Third Experiment. ...’

Perhaps, with good reason, he was also taking the rise out of the university
lecturing profession here! Having quoted already from Lewis Carroll, it seems
appropriate that I conclude this hastily conceived piece with some good advice
that Carroll has to offer in his Preface to the Sylvie and Bruno Concluded story:

... Let me here express my sincere gratitude to the many Reviewers who
have noticed, whether favourably or unfavourably, the previous Volume.
Their unfavourable remarks were, most probably, well-deserved; the
favourable ones less probably so. Both kinds have no doubt served to make
the book known, and have helped the reading Public to form their opinions
of it. Let me also here assure them that it is not from any want of respect for
their criticisms, that I have carefully forborne from reading any of them. I
am strongly of the opinion that an author had better not read any reviews of
his books: the unfavourable ones are almost certain to make him cross, and
the favourable ones conceited; and neither of these results is desirable ...

So, dear reader, if (for some inexplicable reason) you do not like our book or
find any glaring errors, do not bother to tell us, just use the book as an expensive
door-stop. If you do like the book, please do not bother to let us know, but for
sure, tell all your friends and colleagues about it, because both Dr Eberhardt and
I have expanding families to support and any extra royalties would be most
welcome.

Ashley Clarke, September 2002
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