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Preface

In writing this book my aim has been to present a unified qualitative and quan-
titative account of the physical mechanisms and characteristics of linear inter-
action between audio-frequency vibrational motion in compressible fluids and
structures with which they are in contact. The primary purpose is to instruct the
reader in theoretical approaches to the modelling and analysis of interactions,
whilst simultaneously providing physical explanations of their dependence upon
the parameters of the coupled systems. It is primarily to the engineering student
that the book is addressed, in the firm belief that a good engineer remains a stu-
dent throughout his professional life. A preoccupation with the relevance and
validity of theoretical analyses in relation to practical problems is a hallmark of
the engineer. For this reason there is a strong emphasis on the relationship of re-
sults obtained from theoretical analysis of idealised models and the behaviour of
the less than ideal realities from which they are abstracted.

The teacher of analysis in any sphere of applied science is faced with a central
dilemma: systems which can be modelled and analysed in a manner sufficiently
explicit and direct to illustrate a principle are usually gross oversimplifications of
the real world and aré hence, to some extent, trivial; systems which are of practi-
cal concern are usually much too complex to offer suitable examples for didactic
purposes. In attempting to grasp this nettle I hope 1 may be forgiven by any phys-
icists and applied mathematicians who may pick up this book for sacrificing a cer-
tain amount of mathematical rigour for the sake of qualitative clarity.

xi



Xii PREFACE

In teaching mechanical engineering and engineering acoustics over a number
of years it has struck me forcibly that an appreciation of structural vibration as a
form of wave motion, a concept readily grasped by the student of physics, is often
lacking in those reared on a diet of lumped elements and normal modes. One un-
fortunate effect is that the associated wave phenomena such as interference, scat-
tering and diffraction are often believed to be the preserve of water and air, and
the link between natural modes and frequencies of structures, and the component
waves intrinsic to these phenomena, is not readily perceived. The subject of this
book appeared to be the ideal vehicle for persuading students of the advantage to
be gained by taking a dual view of vibrational motion in distributed elastic sys-
tems. Hence I have emphasized the wave *“viewpoint” right from the start, in the
hope of encouraging the reader to “think waves.”

The three main categories of practical problems to which the material of this
book is relevant are sound radiation from vibrating structures, sound transmission
between adjacent regions of fluid media separated by an intervening solid par-
tition, and the response of structures to excitation by incident sound fields. Much
of the source material is only available (in English at least) in articles scattered
throughout the learned journals of the world. In particular, fundamental analyses
in acoustics textbooks of sound transmission through partitions tend to be re-
stricted to highly idealised cases, and the complicating effects of finite panel size,
non-homogeneous structures, cavity absorption and frames, and panel curvature
are at best briefly and only qualitatively described. This is why Chapter 4 is the
longest in the book.

Although the aim of the book is instructional, it is different from many text-
books in that it is not divided into neat, self-contained sections of analysis, which
can be concluded with Q.E.D.; it also contains a large amount of descriptive text.
The first feature is connected with the “dilemma” previously mentioned; the sec-
ond stems from a desire to provide a text from which the reader can learn in the
absence of a formal lecture course, although it is hoped that my prolixity will not
deter a lecturer from using the book to complement his course.

The arrangement of questions in the book does not generally follow the con-
ventional pattern of formalised quantitative examples at the end of chapters. The
reader is challenged at various places within the text to think about the material
which he is currently reading, while it is fresh in his mind. I hope, in this way, to
solicit more active cooperation in the learning process, and to stimulate a ques-
tioning approach to the material, rather than passive acceptance. The questions at
the ends of chapters are linked to specific sections in the text and range from
straightforward numerical evaluation of quantities, intended to encourage a
“physical feel” for their orders of magnitude, to rather open-ended questions,
which can only be answered in qualitative terms. The absence of a large number
of formal calculation exercises reflects both the nature of the subject and the fact
that the readership is expected to have developed previously the facility for per-
forming formal analyses of fundamental vibrational and acoustical problems.



PREFACE xiii

Numerous references to other books, research publications, and reports are pro-
vided in the text. The list is clearly not comprehensive, but it is hoped that it will
provide the reader with jumping-off points for further and deeper study. The omis-
sion of any particular relevant reference in no way constitutes a reflection of its
value, any more than the inclusion of a reference implies that it is to be considered
uniformly meritorious and correct.

It is my hope that this book, for all the faults which will no doubt emerge, will
help at least a few people to understand more fully the fascinating interplay be-
tween sound and structural vibration, and thereby serve to increase their ability to
control whatever aspect of the subject commands their attention.
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