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Sounds in the Sea
From Ocean Acoustics to Acoustical Oceanography

The oceans are a vast, complex, mostly dark, optically opaque but acousti-

cally transparent world that has been only thinly sampled by today’s limited

technology and science. Underwater acousticians and acoustical oceanogra-

phers use sound as the premier tool to determine the detailed characteristics

of physical and biological bodies and processes at sea.Myriad components of

the ocean world are being discovered, identified, characterized, and imaged

by their interactions with sound.

Sounds in the Sea is a comprehensive and accessible textbook on ocean

acoustics and acoustical oceanography. “Ocean acoustics” describes the tra-

ditionalway inwhichour knowledgeof ocean temperature and salinity allows

us to use sound to find fish, submarines, icebergs, and the depth of the ocean.

“Acoustical oceanography” interprets the distinctive details of time-varying,

sound amplitudes, and phase, over acoustical paths to deduce the physical

and biological parameters of the specific ocean through which the sound has

traveled.

This is an invaluable textbook for any course in ocean acoustics in the physi-

cal and biological ocean sciences, engineering, and physics. It will also serve

as a reference for researchers and professionals in ocean acoustics, and an

excellent introduction to the topic for scientists from related fields.

Chapters 1 to 9 provide the basic tools of ocean acoustics. The following

15 chapters are written by many of the world’s most successful ocean re-

searchers, who use sound in innovative ways to learn about the sea and its

contents. These chapters describe modern developments, and are divided

into four parts: Studies of the near-surface ocean; Bioacoustical studies;

Studies of ocean dynamics; Studies of the ocean bottom.

H M is Emeritus Professor at theNaval Postgraduate School,

Monterey, California. He is a Fellow and Past President of the Acoustical

Society of America, and has won both the Silver and GoldMedals in Acous-

tical Oceanography from the Society. He is co-author, with C. S. Clay, of the

influential textbooks Acoustical Oceanography (1977) and Fundamentals

of Acoustical Oceanography (1998). He has authored over 100 professional

articles in the Journal of the Acoustical Society of America and Journal of

Geophysical Research, and others.
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Preface

The world of ocean sounds

This book is the reader’s gateway to a science that spans physics, oceanog-

raphy and marine biology. Wherever possible we perform the trick of

Janus, the mythological Roman God, who simultaneously faces in op-

posite directions. One view, called “ocean acoustics,” is the traditional

direction in which the knowledge of (or assumptions about) the ocean

temperature and salinity allows one to use sound to find fish, submarines,

icebergs, and the depth of the ocean. The opposite view, “acoustical

oceanography,” interprets the distinctive details of time-varying, sound

amplitudes and phases over acoustical paths to deduce the physical and

biological parameters of the specific ocean through which the sound has

traveled . . . It is best to look in both directions.

We will be considering the diverse potentialities of passive listen-

ing, as well as benign probing by unobtrusive sound: in rough seas and

smooth seas; deep seas and shallow seas; clean seas and seas made lo-

cally dirty by dumping of man’s garbage; seas of uniform temperature

and those that are thermally layered; dead seas and seas noisily filledwith

abundant life ranging from the grandwhales tomicroscopic zooplankton

and phytoplankton. It is a vast, complex, mostly dark, optically opaque,

but acoustically transparent world that has been only thinly sampled by

today’s limited technology and science.

Tragic beginnings

In retrospect, the impetus for the effective use of sound in the sea oc-

curred in 1912when the steamship TITANIC struck an iceberg. The sub-

sequent loss of hundreds of lives triggered man’s use of sound to sense

scatterers in the oceans of the world. Within a month of the disaster, a

patent application was filed by L. R. Richardson in the United Kingdom

(10 May 1912) for “detecting the presence of large objects under water

by means of the echo of compressional waves – directed in a beam – by

a projector.” The basic idea was that a precise knowledge of the speed of

sound in water, and the travel time of the sound from source to scatterer

and back to the source/receiver, permits the calculation of the distance to

the scattering body. This was to be the beginning of the use of underwater
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xviii Preface

sound projectors and receivers. They were to be called “SONARs” i.e.

devices for SOund NAvigation and Ranging.

In fact, the speed of sound in fresh water had already been measured

very accurately almost a century before. Corrections for depth depen-

dence and salinity dependence of the speed were soon determined. A

grand variety of new commercial and military activities were imme-

diately practical, including acoustical fish finding (patented in 1935),

acoustical measurements of ocean depth, and acoustical detection of

submarines.

Present status, future promise

Since those early days, underwater acousticians and acoustical oceanog-

raphers have used sound as the premier tool to determine the detailed

characteristics of physical and biological bodies and processes at sea.

Myriad components of the ocean world are being discovered, identified,

characterized, and imaged by their interactions with sound. Chapters

1 through 9 of this textbook, “Fundamentals,” provide the basic tools

of ocean acoustics. The following 15 chapters, written by some of the

world’s most successful ocean researchers, who are using sound in in-

novative ways to learn about the sea and its contents, describe several

modern developments. Their contributions are divided into the four

sections, titled: “Studies of the near-surface ocean”; “Bioacoustical stud-

ies”; “Studies of ocean dynamics”; “Studies of the ocean bottom.”
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Conley Michael Czarneçki, Henry S. Fleming, Eric Giddens, Charles

Greenlaw, Thomas Hahn, Darrell R. Jackson, Christopher D. Jones,

Grace Kamitakahara-King, Duncan McGehee, Kyohiko Mitsuzawa,

Michael Richardson, Deborah Silver, Fernando Simonet, Ron Teichrob,

Svein Vagle, Timothy Wen, Peter Wiebe, Norman Zabusky.

Several ocean scientists have looked at early versions of the marine

biology sections of the book and have made useful suggestions. I am

greatly indebted to Susanna Blackwell, Steven Haddock, and Redwood

W.Nerowhohavehelpedme to bridge the gapbetweenphysical scientists

and biological scientists.

I ammost grateful to my oceanographer colleague at the Naval Post-

graduate School, Professor Ching-Sang Chiu, who has been generously

critical of my attempt to open our subject to undergraduates in the ocean

sciences. Also special thanks to Dr. Steve Haddock, marine biologist of

the Monterey Bay Aquarium Research Institute, who has gently led me

into twenty-first-century word processing techniques.

I am particularly indebted to the 25 prominent acoustical oceanogra-

phers fromAustralia, Canada, England, and theUnited States ofAmerica

who wrote Chapters 10 to 24 to describe their recent important research.

My co-authors are: David M. Farmer; Jeffrey A. Nystuen; D. Vance

Holliday and Timothy K. Stanton; John K. Horne and J. Michael Jech;

Orest Diachok; Douglas Cato, Michael Noad, and Robert McCauley;

Edmund Gerstein and Joseph Blue; Ching-Sang Chiu and Christopher

W. Miller; Robert C. Spindel; David R. Dowling and Heechun Song;

Daniela Di Iorio andAnnGargett; T. G. Leighton andGaryHeald; David

Palmer and Peter Rona; Nicholas Makris; Michael J. Buckingham.

A bow to the many anonymous professionals of the Acoustical So-

ciety of America, whose collegial conversations and e-mails I so thor-

oughly enjoy at, and between, the semi-annual meetings of the ASA.

Research support for the works reported here has come from several

sources; most importantly from US Office of Naval Research (ONR),

but also from US National Science Foundation (NSF), US Strategic

www.cambridge.org/9781108446747
www.cambridge.org


Cambridge University Press
978-1-108-44674-7 — Floods in a Changing Climate
Ramesh S. V. Teegavarapu 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Acknowledgements xxi

Environmental Research Development Program (SERDP), US National

Oceanographic and Atmospheric Administration (NOAA)’s National

Undersea Research Program, West Coast and Polar National Undersea

Research Center, NASA, USA, Navy Submarine Development Group

ONE, Deep Submergence Group of the Woods Hole Oceanographic

Institution, Department of Fisheries and Oceans, Canada.

The encouragement and early offer of support from the US Office

of Naval Research, was particularly appreciated; that branch of the US

Navy was among the first to see a need for an undergraduate textbook

on ocean acoustics.

Finally, my appreciation to my contacts at Cambridge Univer-

sity Press: Matt Lloyd, Publisher for Earth and Space Sciences, and

Jo Bottrill, Production Editor, for their wise comments and challenging

questions.

Herman Medwin

www.cambridge.org/9781108446747
www.cambridge.org

