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A. K. Jonscher (1922 — 2005) was born in Warsaw, Poland.
He received the B.Sc. degree in 1949 with 1st Class Honours in
Electrical Engineering at Queen Mary College, University of London
and obtained Ph.D. in 1952 under the late Professor Harry Tropper ,
leader of the wellknown Dielectrics Laboratory there. In 1951 he
joined the staff of GEC Research Laboratories in Wembley, later
named Hirst Research Centre, where he worked on physical
principles of semiconductor devices. In 1960 appeared his monograph
Principles of Semiconductor Device Operation. He joined Chelsea
College, University of London, in 1962 as Reader and became
Professor of Solid State Electronics in 1956. He became increasingly
interested in the properties of dielectrics, with special emphasis on
the “universality” of relaxation processes. In 1983 appeared his
monograph Dielectric Relaxation in Solids. With the dissolution in
1987 of the Chelsea Dielectrics Group as a result of the recent
reorganization of the University of London, he joined Royal
Holloway and Bedford New College as Emeritus Professor and leader
of a research group working on relation processes in a wide range of
systems. In 1990 he was invited to give the prestigious Whitehead
Memorial Lectureship of IEEE under the title “The Universal
Dielectric Response”. In 1996 appeared his monograph Universal
Relaxation Law. Professor Jonscher is the author of some 150 papers
and has supervised fifty Ph.D. theses, and has a international
reputation in his study of dielectric relaxation.
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Jiaotong University in 1957, and received his Ph.D. of solid
state science from the Pennsylvania State University in 1982. He
has been a professor of Xi’an Jiaotong University since 1984.
Dr. Yao was elected as an Academician in the first election of
the World Academy of Ceramics in 1989. He was also elected as
a Member of the Chinese Academy of Sciences in 1991 and a
Fellow of the American Ceramic Society in 2002. In 2007, Prof.
Yao was elected to be Foreign Associate of the National
Academy of Engineering (USA) for his “contributions to the
science and engineering innovations for electroceramics”.



Preface to

the Classic Dielectric Science

Book Series

Fifty years ago, I was sitting in a class at Jiaotong University in
Shanghai, China taking a course called “ DIELECTRIC
PHYSICS” lectured by the late Professor Chen Jidan. I was one
of the thirty students sitting in his class taking the course. This
was the first time DIELECTRIC study was introduced to
Chinese Universities. Since then, dielectric study became one of
the major concerns of the science and technology community of
China in developing its electrical and electronic engineering.
Fifty years past, thousands of students, graduate students,
professors, scientists and engineers have been engaged in the
studies and applications of dielectrics in this country. In the past
fifty years, the Xi’an Jiaotong University, Shanghai Jiaotong
University, Electronic Science and Technological University,
Shandong  University, Zhongshan  University, Sichuan
University, Nanjing University, Tongji University and the
Shanghai Institute of Ceramics, the Beijing Institute of Physics
of the Chinese Academy of Sciences were heavily involved in
dielectric studies and gave their various contributions to the
development of dielectric study in China. Now, China is
probably one of the most important countries in dielectric studies
among the list of the ex Soviet Union and the United Kingdom.
Late Professor Chen was the pioneer and founder of
DIELECTRIC studies in China. The staidness, sureness and
solemnness of his academic attitude are the invaluable treasure
of the Chinese dielectric community. I would like to take the
chance of writing this preface to pay my sincere respect to the
late Professor Chen.
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However, as a branch of solid state science, the
advancement of dielectric science is not well satisfied as widely
expected. Our basic understanding on the electro-physical
process within real dielectrics beyond the classical electro-
magnetic theory is still rather poor. For example, the way how
the charge assemblies respond to the external stimuli of electric
field and the way of the communication and interaction among
charge assemblies in real dielectrics are yet to be explored. Our
understanding on local field, defects, inhomogeneous, space
charges in real dielectric materials is to be profounded. As to the
structure-property relationship of dielectric materials is still
rather superficial. We are still struggling on how to calculate the
dielectric constants of alkali-halogen crystals, water and other
high dielectric constant materials. In contrast with other fields
of solid state science such as metal, semiconductor and
magnetics, dielectrics are probably the worst understood arena
of solid state materials. The current status of dielectric science is
not satisfied at all. Big efforts should be taken to catch up with
the development of modern science and technology in this 21st
century.

China is probably the country having the largest community
of dielectric study in the world. Many of the old generation have
devoted their career life focused on dielectrics in the past several
decades. Next generation of dielectric study is now getting more
mature and stronger. They have got better training and better
working condition than their old generation. The Chinese
dielectric community should be able to render more contribution
to the advancement of dielectric science. However, dielectric
science is now not yet in the main stream of solid state science.
Many of the important publications were published twenty to
sixty years ago in English. The first published book by P.
Debye, Polar Molecules, was published in 1928. These
important classics are not easily available to young scholars
nowadays. To promote the dielectric studies in China,
Electronic Materials Research Laboratory at Xi’ an Jiaotong
University proposed a publication project to introduce the most
important classical publications on dielectrics from abroad and
publish them in China, subjected to the consent of their original
publishers. I am very pleased that the Xi’an Jiaotong University
Press ( XJTU Press) kindly agrees to support the publication
project of Classical Dielectric Science Book Series (CDSBS). We
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will carefully select the subjects and topics based on our best
knowledge and judgment to keep the CDSBS including all the
important and useful publications, while still keeping it concise.
Needless to say, due to the restriction of our knowledge and
information, there might be pretermissions in searching and
collection. Any suggestion and recommendation from the reader
of the series would be highly appreciated.

I would like to take the chance to thank the Chinese
publisher, the Xi” an Jiaotong University Press, for their kind
support of the project and their far sighted vision in promoting
academic excellence, as well as the original publishers, such as
the Oxford University Press and etc. for their generous
consideration to permit the publication of their books in China.
Highest esteem will be dedicated to the authors of the books.
We may not be able to give our thanks to them individually. We
gratitude them and hope them happy and healthy. I would also
acknowledge Dr. Wei Xiaoyong and Dr. Xu Zhuo as well as the
editors of the book series Ms Zhao Liping and Mr. He Fengtao
for their enthusiastic and hard works to promote the CDSBS
project being realized.

Yao Xi

Electronic Materials Research Laboratory,
Xi’an Jiaotong University
April 20, 2006



PREFACE

Felix qui potuit rerum cognoscere causas *
Virgil

There has been a good deal of progress in the twelve years since
the Publication of Dielectric Relaxation in Solids, referred to in
the following as DRS, which presented the first outline of the
Author’s concept of the “universal” dielectric relaxation law. The
experimental foundation was by then sufficiently well established
to enable a convincing picture to be formed of the “true”
behaviour of dielectric materials, as distinct from the idealised
responses which were required by this or other pet theory
developed in the past eighty years, or so. Above all, we were able
to show that the “universality” went much further than would have
been expected on the basis of the various particular theoretical
treatments developed for this or that kind of material. This may
be said to have been an important realisation, but the missing
element at that time was an adequate theory of this universal
response — and even though a simplified treatment of the then new
many-body theory by Dissado and Hill was given in Chapter 8 of
DRS, this had become superseded soon after the book’s publication
by a more advanced version which we are attempting to summarise
in Chapter 11 of the present Monograph.

The essential point which appears to be true is that DRS was at
that time the first - and arguably remains to this day the only -
textbook taking the concept of “universality” as its starting point.
This is important, because only within this framework is it
possible to construct a coherent picture of the totality of dielectric
relaxation processes, and only with this picture in mind it is
possible to attempt the formulation of a comprehensive theoretical
understanding.

It is highly relevant that although DRS appears to have been well
received by its readers and has sold a very satisfying number of

* Happy is he to whom it was given to understand the causes of things.



X11 PREFACE

copies, its treatment by reviewers at the time of publication
showed a virtually complete lack of understanding of its message.
Some reviews were completely bland and non-committal, others
were somewhat caustic, but none seemed to take up the principal
message of universality, be it with approval or with condemnation.
The conclusion must be that the reviewers were not prepared to
accept the message of universality and that the readers themselves
had to become gradually attuned and used to it.

The great advance of the past twelve years since the publication of
DRS lies in the wide recognition of the general applicability of
this approach, while the validity of the principal earlier theory
based on distributions of relaxation times is equally widely dis-
counted among theoretical workers. Once the principle of uni-
versality had become accepted, the way was paved for a more con-
certed theoretical effort aimed at an understanding the universal
law of relaxation. Even so, the publication of the present Mono-
graph was deliberately delayed by at least four years while await-
ing the clarification of the theoretical position. Thus, we now have
several alternative approaches to the theory of relaxation and
although at the time of going to press there is as yet no firm
agreement on which of these is the most likely to be true, there is
at least a solid foundation on which to build the final approach to
understanding. We have now decided that the time is finally ripe
for the publication of the present Monograph, despite the fact that
there is, as yet, no firmly agreed theoretical picture.

Our own choice in respect of accepted theories lies with the
stochastic treatment by Karina Weron and her colleagues, presen-
ted along with several others in Chapter 11, while leaving to the
judgement of posterity our own preferred approach based on the
“energy criterion”, Chapter 12. The final resolution of the theory
of the “universal” response remains one of the major challenges in
theoretical Solid State Physics. This is especially so in view of the
universality found in several other relaxation phenomena, such as
semiconductors, luminescence, mechanical and chemical reaction
kinetics, all of which are being treated in the present Volume.

I am profoundly grateful to several colleagues for their advice and
help in the preparation of the present book. Among them should
be mentioned Len Dissado, Robert Hill, Jeppe Dyre, Allen Hunt
and Vivian Halpern for their help with theories, Friedrich Kremer
whose results form the background to the jacket design, Gunnar
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Niklasson for his help with fractal theories and for providing un-
published data presented in Chapter 4, Andrzej Plonka for his help
with the presentation of chemical reaction kinetics, Uno Gifvert
for help with the treatment of field recovery. Professor Koizumi
kindly supplied frequency domain numerical data for the KWW
function, some of them unpublished. I am also grateful my recent
Graduate Students Naquiba Bano, Najeeb Siddiqui, Birjees Nafis,
Altaf Husain and Aishah Isnin, whose results appear in some cases
ahead of publication. However, my greatest debt is to Karina Wer-
on, who has spent a great deal of time and effort on the formula-
tion and later revision of the relevant treatment in Chapter 11,
especially the Appendix.

After the dissolution of the former Chelsea College where the first
Monograph was written, I am grateful to the Authorities of Royal
Holloway, University of London, for giving me hospitality during
the five years since my retirement. The expert and patient help of
Susan May in the preparation of copies of diagrams has contribu-
ted to the external appearance of this Monograph. Stuart Flock-
ton’s and Colin Winterton’s intimate knowledge of the workings of
Macintosh word processors bailed me out of innumerable difficul-
ties when the beastly machine would not do what it was expected
to do. I also appreciate the help given on numerous occasions by
the staff of Wavemetrics, creators of the IGOR software for pro-
cessing and graphical representation of data.

Andrew K Jonscher

Royal Holloway
University of London

November 1995
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Useful Physical Constants

magnitude of electronic charge e =1.602x10" C
speed of light in free space c =2.998x10° ms™’
permittivity of free space & 10"/4nc?

8.854x10™"% Fm™!
9.109x10™" kg
1.673x107% kg
1.381x107* JK*!
8.620x107° eVK™!

mass of electron m
mass of hydrogen atom my
Boltzmann’s constant

[ T T I

thermal energy at 300K kT = 0.0259 = 1/40 eV
Avogadro’s number L =6.023x10° mol™
atomic excitation energy 1 eV = 2.305x10* calorie mol™
Debye unit of dipole moment 1 D =(3x10*)™"

approximately equal to charges e
at a distance of 2x10™"' m = 0.2A
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