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The title of this book clearly indicates its scope; 
it deals with plastics strictly in the sense of 
materials and does not seek to include rubbers, 
fibres, adhesives or surface coatings. Nevertheless, 
a few terms relating to borderline areas between 
plastics materials and rubbers or basic polymer 
science have found a place, e.g. standard rubbers 
and syndiotactic polymers. Within the chosen 
ambit, the author has defined technical terms in 
the most substantial part of the book but this is 
supported by smaller sections encompassing, on 
the one hand, abbreviations (letter symbols) for 
the principal polymers and other components 
of plastics materials, and trade names, on the 
other. The list of trade names of polymers, 
plasticisers, and miscellaneous components 
usefully include the name of the producer or 
supplier. 

The usual pattern of the entries is to begin with 
the essential definition, then to continue with 
descriptive and historical material that places the 
definition in context, both in time and in relation to 
use. In some cases, e.g. permeability, the result is 
an excellent short essay. Some of the definitions are 
drawn directly from the authoritative documents of 
ISO, BSI and ASTM, indeed some of them 
originate in the work of IUPAC. Normally, one 
does not expect a dictionary to be readable but 
many of the entries in this volume are refreshingly 
fluently informative. The inclusion of references to 
the literature of the acknowledged standards 
organisations is intended to assist the reader in 
obtaining access to the general work of these 
bodies. 

This book must be a vital addition to any 
library in the plastics materials field. Perhaps the 
author will be encouraged to produce a companion 
volume on the other plastics-based items mentioned 
in his General Introduction. (If so, it would be 

helpful to add page numbers to the Contents List 
next time.) 

A.D. Jenkins 

Readers of  Materials Today may purchase copies of  
the "Technological Dictionary of  Plastics 
Materials" at a specially reduced price. Please see 
the advert on the inside front cover for  details. 
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21st Century 

Philip Ball 
Princeton University Press, 1997 
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Many years ago, a college-bound schoolchild could 
find a number of books that explained what 
Materials Science was, if they were interested in 
studying it at the university level. These were 
valuable because the subject was (and still is) 
virtually unknown in schools anywhere in the 
world. Alexander and Street wrote "Metals in the 
Service of Man" (Penguin Books) in 1944, and it 
was upgraded and rewritten at regular intervals 
until 1990. McCabe and Bauer wrote a delightful 
little book called "Metals, Atoms and Alloys," for 
America's National Science Teachers Association, 
in 1963 and J.E. Gordon published "The New 
Science of Strong Materials, or Why You Don't 
Fall Through the Floor" with Penguin in 1968. 
These varied markedly in depth and style, but they 
were united by their target audience: the educated 
layman and the college-bound schoolchild. 

Only one or two books about materials science 
were newly written for the layman throughout the 
seventies, the eighties and the early 1990's. Of late, 
however, there has been a veritable glut, or at least 
relatively so. First came Ivan Amato, with a 
journalist's view of the field in "Stuff" (Basic 
Books, 1997), then Stephen Sass, with a materials 
researcher's perspective on history in "The 
Substance of Civilization" (Arcade, 1998). Now we 
are presented with Philip Ball's "Made to 
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Measure," released in 1998. This is the most similar 
to the earlier books, at least in its scope and its 
approach, though it pays little homage to any of 
them. Comparing this one with the earlier books is 
an interesting exercise for those curious about the 
ways in which materials research has changed. 
Gordon, McCabe & Bauer, and Alexander & Street 
all concentrate upon metals, and focus largely upon 
their structural uses. Metals get barely a mention in 
Ball's book. They are no longer the Aristotelian 
ideal of a material to which all other materials must 
be compared; they are just one small group among 
a huge number of alternative choices. Neither is the 
overwhelming focus of this book on structural 
materials. Ball identifies a few areas where new 
materials are likely to make a large impact, and 
concentrates upon them: inevitably, he writes about 
the areas of today's most intense materials research 
efforts. 

Bali's point of view is that of a very well 
informed outsider, looking in. This is quite unique, 
since (aside from Amato) he is the only author who 
is not, by profession, a materials scientist: he is an 
associate editor for Nature and has a very clear 
overview of a disparate and sometimes confusing 
subject. He paints a picture of a dynamic and vital 
research field, with the potential to produce or 
enable radical new technologies in the coming 
century. While Amato's book takes on a similar 
subject to Ball's, the focus of the two is quite 
different. Ball gives the reader a much deeper look 
at the science, and expands outward to the 
sociology of the field. Individual researchers are 
mentioned only as the authors of particular pieces 
of work. Amato's book is more equally focussed on 
the researchers and the research, with many 
individuals appearing as real, three-dimensional 
characters, themselves subject to a variety of social 
forces. Ball is a scientist looking into materials 
science. Amato is a journalist looking at a materials 
science story. 

Bali's introduction presents an overview of what 
it is that materials researchers do, and he touches 
the usual bases of structure, properties and 
processing, but goes beyond these to give equal 
importance to market and societal forces, 
manufacturability, and the problems of materials 
selection when such a vast range of possible 
choices exists. (These are matters that are not 
always given as much weight as they deserve, 
within the field and this outsider's perspective is 

one that we ought to heed.) His style is direct and 
involving, drawing upon a huge array of simple 
examples taken from everyday life. The remainder 
of the book comprises ten chapters, each devoted to 
a particular application or class of materials. These 
include photonic materials, materials for clean 
energy, biomedical materials, biomaterials, smart 
materials and polymers. Structural properties are 
addressed as a primary issue only in the chapter on 
diamond and related materials, entitled "Hard 
Work." All of the chapters have similarly catchy 
titles, and are prefaced with an apposite quotation. 
You'll have to read the book to see them all. 

Each chapter follows a similar structure. Ball 
outlines the basic underlying science, non- 
mathematically but in a good level of detail that 
calls for serious concentration on the part of the 
reader. Having laid the groundwork, he shows how 
the basic science links to useful properties and how 
materials science contributes to the process. He 
discusses many areas of current research, and 
occasionally speculates about potential technologies 
that have not even reached that stage yet. He makes 
a conscious choice to focus upon the areas currently 
on the crest of the materials research wave, and 
avoids attending to what he calls the "graft" phase 
of research between the discovery or development 
of a new material and its appearance in a saleable 
product. High-T c superconductors are an example of 

materials in this developmental phase, and are thus 
not covered in detail. Each chapter of the book is a 
snapshot of a breaking wave of materials research, 
and the choice to focus on such topics produces the 
appearance of a very exciting and fast-moving field. 
To those working in these areas, it is a true picture 
(and it is not much less true in other areas of 
materials science, too). Ball admits that history may 
demonstrate his choices of subject matter to have 
been inopportune; but by taking this risk he clearly 
demonstrates the excitement of cutting edge 
research. He has also been unafraid to write a book 
that is very likely to show its age in short order: it 
will periodically require radical re-writing if it is to 
survive in many editions as have the books by 
Gordon or Alexander & Street. 

Made to Measure  is intended to show how 
materials researchers are responding to the 
challenges of 21 st century engineering, today. It 
succeeds admirably by paying attention to some of 
the real detail of the issues involved, and not asking 
the reader to accept that anything is too complicated 
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to explain or understand. Ball is particularly good at 
demonstrating how the details fit into the big picture, 
and how present-day work relates to sometimes far- 
off goals. Ultimately, he conveys a sense of 
justifiable excitement about materials research. 

Buy this book and read it for your own pleasure, 
for you will surely enjoy the overview that it 
provides, and you will learn from it, too. Then give 
your copy to a science-minded seventeen year-old 
and see if they don't consider taking Materials 
Science in college. 

Alex King 

Fundamentals  of Functionally Graded 
Materials 

S. Suresh and A. Mortensen 
IOM Communicat ions  Ltd, 1998 
ISBN: 1-86125-063-0 

The book is based on two review articles published 
by the authors in 1995 and 1997. With respect to 
the original articles, the monograph has been 
significantly revised, expanded and updated. It truly 
represents the state of the art of functionally graded 
materials (FGM). 

The book is divided into two parts dealing with 
the fundamental issues of processing (Chapter 2) 
and the thermomechanical response (Chapter 3) of 
a FGM. Chapter 1 provides a historical introduction 
to the concept of FGM, an area of research that has 
only started to blossom in the mid 1980s. It also 
explains the main reasons why this area has 
received quite a bit of attention (and financing) 
recently. 

In Chapter 2, an overview of the processing 
methods employed to manufacture FGMs is given. 
All processing methods are meticulously and very 
thoroughly listed and referenced, often providing a 
link to related fields such as process metallurgy or 
composite synthesis. The concept, the advantages 
and the disadvantages of each method are described 
in a manner that is easy to understand, in fact, often 
much easier than in the original paper. 

Chapter 3 starts with a useful and 
comprehensive overview of the mathematical 
models used in the composites field. It centers 
around analytical and computational modelling of 
the thermomechanical response of a two-phased 
material that is either composed of two 
interconnecting materials or of a matrix with 
inclusions in form of particles or fibres. As all 
FGMs are made up of two or more distinct phases, 
these models come in handy for the determination 
of residual stresses during processing and in-service 
use. Critical issues in the modelling of an FGM are 
addressed as well as the experimental determination 
of residual stresses and strains. Since the primary 
focus is placed on basic concepts, not many 
applications can be found in the book. 
Nevertheless, some practical hints are given, e.g. 
how cracks can be suppressed or how the 
tribological resistance can be enhanced using the 
FGM concept. 

All throughout the book, the authors have 
maintained their focus on graded materials and 
especially on metal/ceramic composites. As a result, 
they succeeded in presenting a very comprehensive 
but at the same time concise overview of FGM 
processing and modelling. Chapters 1 and 2 make 
for effortless and stimulating reading, whereas 
Chapter 3 would be more difficult to absorb in one 
go, as it provides the necessary mathematical basis 
for different computational models. 

The index makes it easy to 10ok up a particular 
topic and all throughout the book, the pertaining 
literature is accurately referenced for further 
reading. While the authors stress that no attempt 
was made to provide an exhaustive list of all the 
literature, a total of well over 500 articles are 
quoted in the book. It serves thus not only as an 
interesting introduction for the curious but also as 
an indispensable encyclopedia for all those who are 
already employing the FGM concept. I would 
therefore highly recommend this book to anyone 
who wants to gain an up-to-date insight into 
functionally graded materials. 

Daniel Delfosse 
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