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Series Editor’s Foreword

The rapid development of electronics and its engineering applications
ensures that new topics are always competing for a place in university and
polytechnic courses. But it is often difficult for lecturers to find suitable
books for recommendation to students, particularly when a topic is
covered by a short lecture module, or as an ‘option’.

Macmillan New Electronics offers introductions to advanced topics. The
level is generally that of second and subsequent years of undergraduate
courses in electronic and electrical engineering, computer science and
physics. Some of the authors will paint with a broad brush; others will
concentrate on a narrower topic, and cover it in greater detail. But in all
cases the titles in the Series will provide a sound basis for further reading of
the specialist literature, and an up-to-date appreciation of practical appli-
cations and likely trends.

The level, scope and approach of the Series should also appeal to
practising engineers and scientists encountering an area of electronics for
the first time, or needing a rapid and authoritative update.

Paul A. Lynn
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Preface

Since the mid 1970s, the field of optical communications has advanced
considerably. Optical fibre attenuations have been reduced from over 1000
dB/km to below 0.5 dB/km, and light sources are now available that can
launch several milli-watts of power into a fibre. Optical links are now to be
found in short-haul industrial routes, as well as in long-haul telecommuni-
cations routes. In order to design and maintain these links, it is important
to understand the operation of the individual system components, and it is
my hope that this book will provide the relevant information.

I have tried to aim the level of this text so that it is suitable for students
on the final year of undergraduate courses in Electrical and Electronic
Engineering, and Physics, as well as for practising engineers requiring a
knowledge of optical communications. The text should also serve as an
introduction for students studying the topic at a higher level. The work
presented here assumes that the reader is familiar with Maxwell’s equa-
tions, and certain aspects of communications theory. Such information can
be readily found in relevant textbooks.

The information presented has come from a wide variety of sources —
many of which appear in the Bibliography at the end of the book. In order
to keep the list of references down to manageable proportions, I have only
selected certain key papers and books. In order to obtain further informa-
tion, the interested reader should examine the references that these works
themselves give. Most of the journals the papers appear in will be available
from any well-equipped library; otherwise they can be obtained through an
inter-library loan service. Because of the length of this book, the informa-
tion obtained from these sources has been heavily condensed. In view of
this, I regret any errors or omissions that may have arisen, and hope that
they will not detract from this text.

I wish to acknowledge the assistance of Mr K. Fullard of the Joint
European Torus project at Culham, England, for supplying the informa-
tion about the optical LAN that appears in chapter 7. I also wish to thank
the publisher, Mr M. J. Stewart of Macmillan Education for his guidance,
and the Series Editor, Dr Paul A. Lynn, for his valuable comments on the
text. During the compilation of this text, many of my colleagues at the
Department of Electrical and Electronic Engineering, The Polytechnic of
Huddersfield were party to several interesting discussions. In particular, I
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X Preface

wish to acknowledge the help of Dr R. T. Unwin, who read the draft
manuscript, offered constructive criticism, and showed a great deal of

patience throughout the preparation of this book.
Finally, I would like to thank my family and friends for their continued

support and encouragement.
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1 Introduction

Although the subject of this book is optical communications, the field
encompasses many different aspects of electronic engineering: electro-
magnetic theory, semiconductor physics, communications theory, signal
processing, and electronic design. In a book of this length, we could not
hope to cover every one of these different fields in detail. Instead, we will
deal with some aspects in-depth, and cover others by more general

discussion. Before we start our studies, let us see how modern-day optical
communications came about.

1.1 Historical background

The use of light as a means of communication is not a new idea; many
civilisations used sunlight reflected off mirrors to send messages, and
communication between warships at sea was achieved using Aldis lamps.
Unfortunately, these early systems operated at very low data-rates, and
failed to exploit the very large bandwidth of optical communications links.
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Figure 1.1 The electromagnetic spectrum
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2 Optical Communications

A glance at the electromagnetic spectrum shown in figure 1.1 reveals
that visible light extends from 0.4 to 0.7 pm which converts to a bandwidth
of 320 THz (1 THz = 10'2 Hz). Even if only 1 per cent of this capability
were available, it would still allow for 80 billion, 4 kHz voice channels! (If
we could transmit these channels by radio, they would occupy the whole of
the spectrum from d.c. right up to the far infra-red. As well as not allowing
for any radio or television broadcasts, the propagation characteristics of
the transmission scheme would vary tremendously.) The early optical
systems used incandescent white light sources, the output of which was
interrupted by a hand-operated shutter. Apart from the obvious disadvan-
tage of a low transmission speed, a white light source transmits all the
visible, and some invisible, wavelengths at once. If we draw a parallel with
radio systems, this is equivalent to a radio transmitter broadcasting a single
programme over the whole of the radio spectrum — very inefficient!
Clearly, the optical equivalent of an oscillator was needed before light-
wave communications could develop.

A breakthrough occurred in 1960, with the invention of the ruby laser by
T. H. Maimon [1], working at Hughes Laboratories, USA. For the first
time, an intense, coherent light source operating at just one wavelength
was made available. It was this development that started a flurry of
research activity into optical communications.

Early experiments were carried out with line-of-sight links; however, it
soon became apparent that some form of optical waveguide was required.
This was because too many things can interfere with light-wave propaga-
tion in the atomosphere: fog, rain, clouds, and even the occasional flock of
pigeons.

Hollow metallic waveguides were initially considered but, because of
their impracticality, they were soon ruled out. By 1963, bundles of several
hundred glass fibres were already being used for small-scale illumination.
However, these early fibres had very high attenuations (>1000 dB/km) and
so their use as a transmission medium for optical communications was not
considered.

It was in 1966 that C. K. Kao and G. A. Hockman [2] (working at the
Standard Telecommunications Laboratories, UK) postulated the use of
glass fibres as optical communications waveguides. Because of the high
attenuation of the glass, the idea was initially treated with some scepticism;
in order to compete with existing co-axial cable transmission lines, the glass
fibre attenuation had to be reduced to less than 20 dB/km. However, Kao
and Hockman studied the loss mechanisms and, in 1970, workers at the
Corning glass works, USA, produced a fibre with the required attenuation.
This development led to the first laboratory demonstrations of optical
communications with glass fibre, in the early 1970s. A study of the spectral
response of glass fibres showed the presence of low-loss transmission
windows at 850 nm, 1.3 pm, and 1.55 pm. Although the early optical links



