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ACOUSTICAL NEWS—USA

E. Moran
Acoustical Society of America, Suite INO1, 2 Huntington Quadrangle, Melville, NY 11747-4502

Editor’s Note: Readers of the journal are encouraged to submit news items on awards, appointments,
and other activities about themselves or their colleagues. Deadline dates for news items and notices are
2 months prior to publication.

New Fellows of the Acoustical Society of America

Samir N.Y. Gerges—For international service to acoustics. Sheryl M. Gracewski—For contributions to cavitation in
biomedical ultrasound.

Paul Johnson—For contributions to nonlinear acoustics of rocks. Jixun Zhou—For contributions to shallow water acoustics.
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USA Meetings Calendar

Listed below is a summary of meetings related to acoustics to be held
in the U.S. in the near future. The month/year notation refers to the issue in
which a complete meeting announcement appeared.

2006
46th Annual Convention, Illinois Speech-
Language-Hearing Association, Rosemont, IL [ISHA,
230 E. Ohio St., Suite 400, Chicago, IL 60611-3265;
Tel.: 312-644-0828; Fax: 315-644-8557; Web:
www.aishil.org].

9-12 Feb.

16—18 Feb. 31st Annual Conference, National Hearing Conservation
Association, Tampa, FL [NHCA, 7995 E. Prentice Ave.,
Suite 100 East, Greenwood Village, CO 80111-2710;
Tel: 303-224-9022; Fax: 303-770-1614; E-mail: nhca@
gwami.com; WWW: www.hearingconservation.org].
6-9 June 151st Meeting of the Acoustical Society of America,
Providence, RI [Acoustical Society of America, Suite
INOI, 2 Huntington Quadrangle, Melville, NY
11747-4502; Tel.: 516-576-2360; Fax: 516-576-2377;
E-mail: asa@aip.org; WWW: http://asa.aip.org].
Deadline for receipt of abstracts: 23 January 2006.
INTERSPEECH 2006 (ICSLP 2006), Pittsburgh, PA;
Web: www.interspeech2006.org
28 Nov.-2 Dec. 152nd Meeting of the Acoustical Society of America
joint with the Acoustical Society of Japan, Honolulu, HI
[Acoustical Society of America, Suite 1NO1, 2
Huntington Quadrangle, Melville, NY 11747-4502;
Tel.: 516-576-2360; Fax: 516-576-2377; E-mail:
asa@aip.org; WWW: http://asa.aip.org]. Deadline for
receipt of abstracts: 30 June 2006.

17-21 Sept.

2007
153rd Meeting of the Acoustical Society of America,
Salt Lake City, UT [Acoustical Society of America, Suite
INOI, 2 Huntington Quadrangle, Melville, NY
11747-4502; Tel.: 516-576-2360; Fax: 516-576-2377;
E-mail: asa@aip.org; WWW: http://asa.aip.org].
27 Nov.-2 Dec. 154th Meeting of the Acoustical Society of America,
New Orleans, LA [Acoustical Society of America, Suite
INOI, 2 Huntington Quadrangle, Melville, NY 11747-
4502; Tel.: 516-576-2360; Fax: 516-576-2377; E-mail:
asa@aip.org; WWW: http://asa.aip.org].

4-8 June

2008

28 July—1 Aug. 9th International Congress on Noise as a Public Health
Problem (Quintennial meeting of ICBEN, the
International Commission on Biological Effects of
Noise), Foxwoods Resort, Mashantucket, CT [Jerry V.
Tobias, ICBEN 9, Post Office Box 1609, Groton, CT
06340-1609; Tel. 860-572-0680; Web: www.icben.org.
E-mail icben2008 @att.net].
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Cumulative Indexes to the Journal of the
Acoustical Society of America

Ordering information: Orders must be paid by check or money order in
U.S. funds drawn on a U.S. bank or by Mastercard, Visa, or American
Express credit cards. Send orders to Circulation and Fulfillment Division,
American Institute of Physics, Suite INOI, 2 Huntington Quadrangle,
Melville, NY 11747-4502; Tel.: 516-576-2270. Non-U.S. orders add $11 per
index.

Some indexes are out of print as noted below.

Volumes 1-10, 1929-1938: JASA and Contemporary Literature, 1937—
1939. Classified by subject and indexed by author. Pp. 131. Price: ASA
members $5; Nonmembers $10.

Volumes 11-20, 1939-1948: JASA, Contemporary Literature, and Patents.
Classified by subject and indexed by author and inventor. Pp. 395. Out of
Print.

Volumes 21-30, 1949-1958: JASA, Contemporary Literature, and Patents.
Classified by subject and indexed by author and inventor. Pp. 952. Price:
ASA members $20; Nonmembers $75.

Volumes 31-35, 1959-1963: JASA, Contemporary Literature, and Patents.
Classified by subject and indexed by author and inventor. Pp. 1140. Price:
ASA members $20; Nonmembers $90.

Volumes 36-44, 1964-1968: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 485. Out of Print.

Volumes 36—44, 1964-1968: Contemporary Literature. Classified by sub-
ject and indexed by author. Pp. 1060. Out of Print.

Volumes 45-54, 1969-1973: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 540. Price: $20 (paperbound); ASA
members $25 (clothbound); Nonmembers $60 (clothbound).

Volumes 55-64, 1974-1978: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 816. Price: $20 (paperbound); ASA
members $25 (clothbound); Nonmembers $60 (clothbound).

Volumes 65-74, 1979-1983: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 624. Price: ASA members $25 (paper-
bound); Nonmembers $75 (clothbound).

Volumes 75-84, 1984-1988: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 625. Price: ASA members $30 (paper-
bound); Nonmembers $80 (clothbound).

Volumes 85-94, 1989-1993: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 736. Price: ASA members $30 (paper-
bound); Nonmembers $80 (clothbound).

Volumes 95-104, 1994-1998: JASA and Patents. Classified by subject and
indexed by author and inventor. Pp. 632. Price: ASA members $40 (paper-
bound); Nonmembers $90 (clothbound).

Volumes 105-114, 1999-2003: JASA and Patents. Classified by subject
and indexed by author and inventor. Pp. 616. Price: ASA members $50;
Nonmembers $90 (paperbound).



ACOUSTICAL NEWS—INTERNATIONAL

Walter G. Mayer
Physics Department, Georgetown University, Washington, DC 20057

International Meetings Calendar

Below are announcements of meetings and conferences to be held
abroad. Entries preceded by an * are new or updated listings.

December 2005
7-9

January 2006
5-7

17-19

March 2006
14-16

20-23

April 2006
24-27

May 2006
2-5

15-19

23-26

30-1

June 2006
12-15

17-19
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Symposium on the Acoustics of Poro-Elastic
Materials, Lyon, France (Fax: +334 72 04 70 41;
Web: v0.intellagence.eu.com/sapem2005).

First International Conference on Marine
Hydrodynamics, Visakhapatnam, India (V. B. Rao,
Naval Science & Technological Laboratory, Vigyan
Nagar, Visakhapatnam-530 027, India; Web:
www.mahy2006.com).

Anglo-French Physical Acoustics Conference, Wye
College, Kent, UK

(Web: www.ioa.org.uk/viewupcoming.asp).

Spring Meeting of the Acoustical Society of Japan,
Tokyo, Japan (Acoustical Society of Japan, Nakaura
5th-Bldg., 2-18-20 Sotokanda, Chiyoda-ku, Tokyo
101-0021, Japan; Fax: +81 3 5256 1022; Web:
www.asj.gr.jp/index-en.html).

Meeting of the German Acoustical Society (DAGA
2006), Braunschweig, Germany (Web:
www.daga2006.de).

French Congress on Acoustics, Tours, France (Web:
cfa06.med.univ-tours.fr).

International Conference on Speech Prosody 2006,
Dresden, Germany

(Web: www.ias.et.tu-dresden.de/sp2006).

*Sixth International Conference on Auditorium
Acoustics, Copenhagen, Denmark

(e-mail: t.j.cox @salford.ac.uk; Web: www.ioa.org.uk/
viewupcoming.asp).

IEEE International Conference on Acoustics, Speech,
and Signal Processing, Toulouse, France

(Web: icassp2006.0rg).

17th Session of the Russian Acoustical Society,
Moscow, Russia (Web: www.akin.ru).

6th European Conference on Noise Control
(EURONOISE2006), Tampere, Finland

(Fax: +358 9 7206 4711; Web: www.euronoise2006.0rg).

8th European Conference on Underwater Acoustics,
Carvoeiro, Portugal (Web: www.ecua2006.0rg).

*9th International Conference on Recent Advances in
Structural Dynamics, Southampton, UK

(Web: www.isvr.soton.ac.uk/sd2006/index.htm).

26-28

26-29

July 2006
3.7

17-20

17-19

September 2006
13-15

18-20

18-20

October 2006
25-28

November 2006
20-22

July 2007
9-12

August 2007
26-29

27-31

September 2007
2-7
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9th Western Pacific Acoustics Conference (WESPAC
9), Seoul, Korea (Web: wespac9.org).

*11th International Conference on Speech and
Computer, St. Petersburg, Russia (Web:
WWW.SPECOM.NW.TU).

13th International Congress on Sound and Vibration
(ICSV13), Vienna, Austria

(Web: info.tuwienac.at/icsv13).

International Symposium for the Advancement of
Boundary Layer Remote Sensing (ISARS13),
Garmisch-Partenkirchen, Germany (Fax:

+49 8821 73 573; Web: imk-ifu.fzk.de/isars).

9th International Conference on Recent Advances in
Structural Dynamics, Southampton, UK

(Web: www.isvr.soton.ac.uk/sd2006/index.htm).

Autumn Meeting of the Acoustical Society of Japan,
Kanazawa, Japan (Acoustical Society of Japan, Nakaura
5th-Bldg., 2-18-20 Sotokanda, Chiyoda-ku, Tokyo
101-0021, Japan; Fax: +81 3 5256 1022; Web:
www.asj.gr.jp/index-en.html).

*Sixth International Symposium on Active Noise and
Vibration Control (ACTIVE2006), Adelaide,
Australia (Web: www.active2006.com).

International Conference on Noise and Vibration
Engineering (ISMA2006), Leuven, Belgium

(Fax: 32 16 32 29 87; Web: www.isma-isaac.be).

Fifth Iberoamerican Congress on Acoustics, Santiago,
Chile (Web: www.fia2006.cl).

1st Joint Australian and New Zealand Acoustical
Societies Conference, Christchurch, New Zealand
(Web: www.acoustics.org.nz).

14th International Congress on Sound and Vibration
(ICSV14), Cairns, Australia
(e-mail: n.kessissoglou@unsw.edu.au).

“Inter-Noise 2007, istanbul, Turkey (Web:
www.internoise2007.org.tr).

Interspeech 2007, Antwerp, Belgium (e-mail:
conf@isca-speech.org).

19th International Congress on Acoustics (ICA2007),
Madrid, Spain (SEA, Serrano 144, 28006 Madrid,
Spain; Web: www.ica2007madrid.org).

*ICA Satellite Symposium on Musical Acoustics
(ISMA2007), Barcelona, Spain (SEA, Serano 144,
28006 Madrid, Spain; Web: www.isma2007.o0rg).
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June 2008 August 2010

29-4 *Forum Acusticum: Joint Meeting of European 23-27 *20th International Congress on Acoustics (ICA2010),
Acoustical Association (EAA), Acoustical Society of Sydney, Australia (Web: www.acoustics.asn.au).
America (ASA), and Acoustical Society of France
(SFA), Paris, France (Web: www.sfa.asso.fr; e-mail:

phillipe.blanc-benon @ec-lyon.fr). Preliminary Announcement

July 2008

28-1 19th International Congress on Noise as a Public October 2006 ) )
Health Problem, Mashantucket, Pequot Tribal Nation 3-6 IEEE Ultrasonics Symposium, Vancouver, BC, Canada
(ICBEN 9, P.O. Box 1609, Groton CT 06340-1609, (TBA).

USA: Web: www.icben.org).
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BOOK REVIEWS

P. L. Marston

Physics Department, Washington State University, Pullman, Washington 99164

These reviews of books and other forms of information express the opinions of the individual reviewers
and are not necessarily endorsed by the Editorial Board of this Journal.

Editorial Policy: If there is a negative review, the author of the book will be given a chance to respond to
the review in this section of the Journal and the reviewer will be allowed to respond to the author’s
comments. [See “Book Reviews Editor’s Note,” J. Acoust. Soc. Am. 81, 1651 (May 1987).]

Sonoluminescence

F. Ronald Young

CRC Press, Boca Raton, FL, 2004. 227 pp. Price: $99.95
(hardcover), ISBN: 0849324394

This book summarizes, often quoting directly from journal articles, the
theme(s) described in published papers relating to sonoluminescence. In-
deed, it either summarizes or cites almost every single paper ever written in
the field! As such, it can be considered an historical reference list.

But I believe that sonoluminescence is more than a simple collection
of papers and summaries. Sonoluminescence conjures up images of magical
bubbles giving off spectacular bursts of light. A lot of that magic came about
after Felipe Gaitan discovered single-bubble sonoluminescence (SBSL), in
which a single light-emitting bubble could be isolated and studied. It is the
hydrogen atom of cavitation and its isolation sparked a decade of discover-
ies.

But the history of sonoluminescence does not begin there. The first
period begins in 1933 with the discovery of sonoluminescence from cavita-
tion fields (called multiple bubble sonoluminescence or MBSL) and is ac-
curately described in the book as lasting up to 1990, when SBSL was dis-
covered. This first period saw many experiments and discarded theories
(which were later dusted off and revamped to describe SBSL!). As this book
focuses on SBSL, I shall call this first period “SBSL prehistory.”

The second period I call the “age of discovery” and it begins with the
discovery of SBSL in 1990 and lasts until 1996. This period saw remarkable
discoveries and even more remarkable theories to describe the observations
coming out of various labs. I suppose one could also label this period the
“age of confusion,” because each discovery and theory seemed to bring
about more questions than answers.

Most of those early discoveries occurred within the laboratories of
Seth Putterman at UCLA. He had heard of Gaitan’s magical bubble and,
perhaps sensing the implications of a simple air bubble that can emit light,
traveled with his graduate student Brad Barber to the lab of Larry Crum to
observe Gaitan’s method of isolation. Back at his own lab, Barber set out to
measure the lifetime of the light flash, only to discover that the flash was too
short to measure! They also measured the synchronicity of the flashes, only
to find out that the bubble was much more stable than the equipment used to
isolate it! They measured the radial pulsation of the bubble and used well-
known and accepted equations for describing that motion, only to find out
that the equations could not explain how the bubble remained stable for long
periods.

Putterman’s lab also measured the first spectrum from SBSL. The
spectrum looked like the tail of a black body radiator, but without knowing
where the peak of the spectrum lay, it was hard to get any information about
the temperature. Measurements suggested that the back body temperature
was about 25 000 K. But just as the sun has a cool surface temperature, and
a very hot core, calculations of the core temperature within a single sonolu-
minescing bubble suggested that fusion may even be possible!

These early studies captivated the scientific community. Many theories
were developed. The book touches on most, if not all, the theories. It would
have been nice to categorize these theories in terms of their applicability.
Instead, the book simply summarizes each theory, without interpretation.

In the meantime, experiments were being conducted on all sorts of
liquids and gasses, in environments as varied as high magnetic fields or
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microgravity. The book touches on many of these studies, but, again, does so
only in summary form, without interpretation.

The third period, the “age of reason,” began in 1996 and lasted to
2002. In this period fundamental theories came forth that could account for
most of the observations.

The transition to this age of reason began at a landmark ASA meeting
held in Hawaii in 1996. At the meeting, Robert Apfel presented a list of
challenges to theorists and experimentalists for advancing the science of
sonoluminescence. At the same meeting, Detlef Lohse, an up-and-coming
physicist, presented a hypothesis to explain how a bubble could remain
stable for long periods of time. He came up with the notion that chemical
reactions were occurring within the bubble, that the nitrogen and oxygen
(the air) within the bubble underwent dissociation and dissolved into the
liquid, leaving only argon inside (the argon concentration in air is about
1%). This remarkable hypothesis was proved true about a year later by
Matula and Crum, and shortly thereafter independently by Ketterling and
Apfel.

This period also saw more sophisticated techniques to accurately mea-
sure the duration of the light flash. With this information, Lohse and col-
leagues presented a detailed description of how light can be emitted from a
collapsing bubble. By incorporating additional important physics from Willy
Moss, Kyuichi Yasui, and others, they were able to describe the emission
process in terms of fundamental physics—bremsstrahlung and recombina-
tion radiation. The chemical reaction and light-emitting models matched
very well with many observations and laid the foundation for understanding
SBSL (although some aspects have yet to be resolved).

The fourth period, which I humorously call the “atomic age,” started in
2002 with the publication in Science magazine that sonoluminescence
bubbles generate fusion. This apparent discovery has caused quite a stir. At
the time of this writing, there has not been any independent confirmation of
cavitation fusion (or sonofusion). This potentially explosive result is only
touched on by the book. Parenthetically, Hollywood anticipated sonofusion
in their movie Chain Reaction, produced in 1996!

It would have been nice to include some of the wonder of sonolumi-
nescence in the book. For example, a presentation on the topic of sonolu-
minescence always drew big audiences. Whether it was a technical scientific
conference, or in a colloquium setting, the room overflowed with people
eager to hear the latest buzz. When we gave demonstrations of sonolumi-
nescence, our labs were always filled with students, professors, artists, re-
porters, and even congressional representatives, crowded around a small
glass of water, in the dark, peering at a small bluish light emanating from
within. That magic is missing in the book. Perhaps others will disagree, and
that we should leave the magic to Hollywood writers.

In any case, the book does not present the topic historically as I tried
to express here, nor does it distinguish the great work from the good work
from the average work. It simply presents all the work. As the author states,
this book is a reference book; it does contain all relevant citations associated
with sonoluminescence (even a diagram of a filing cabinet the author used to
store sonoluminescence papers). It just doesn’t convey the magic. Sonolu-
minescence does not meet the expectations of his previous book Cavitation,
which has recently been reprinted by Imperial College Press.

THOMAS MATULA
University of Washington,
Applied Physics Laboratory,
Seattle, Washington 98105
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Stress, Strain, and Structural Dynamics:
An Interactive Handbook of Formulas,
Solutions, and MATLAB Toolboxes

Bingen Yang

Elsevier Academic Press, Burlington, MA, 2005. 942 pp.
Price: $89.95 (hardcover), ISBN: 0-12-787767-3.

Less engineering is done with pencil and paper, as computers and
software get more sophisticated. As this trend continues, it is very easy for
the physics concepts to be replaced with black box computer programs
which “plug and chug” the correct answer to problems. Stress, Strain, and
Structural Dynamics by Bingen Yang is a combination reference text and
software package. Each is designed to complement the other. The theory
demystifies the “plug and chug” nature of the software, and the software
allows visualization of the concepts presented in the text. The software is a
set of functions, a toolbox, which must be run with the popular software
package MATLAB by Mathworks, Inc. MATLAB is currently in wide use in
academia, government, and industry because of its versatility and ease of
use. It retains all the power of a lower level language, such as C or FORTRAN,
but hides tedious bookkeeping like variable declaration.

The book generally follows the two semester undergraduate series of
Statics and Dynamics. However, equations are presented, rather than de-
rived, and there are no problems provided for student to solve, so it would
be inappropriate as a primary text for these courses. It is, instead, more
appropriate as a supplementary text by providing a way for students to
quickly visualize solutions and to see how they evolve with parameters. For
practicing engineers and scientists the book and the software’s value lie in
their straightforward review of basic topics in structural dynamics, again
allowing quick visualization of simple situations. For the structural acousti-
cian, about half the book is devoted to vibration and resonance of primarily
straightforward shapes, and only the last two chapters are devoted to nu-
merical solutions, using the finite element method. The book is divided into
five parts, Strength of Materials, Structural Mechanics, Dynamics and Vi-
brations, Structural Dynamics, and Two-Dimensional Elastic Continua.
More attention is given to the parts dealing with Dynamics.

The chapters start with a quick tutorial on setting up the toolbox in
MATLAB and a preview of the problems that will be studied in the chapter.
Each chapter’s accompanying toolbox is designed to be independent from
the others. The user, then, can have only one chapter’s toolbox on the
MATLAB path at a time or there will be functions with duplicate names. A
summary of theory follows. The theory is the strongest part of the text; each
section follows clearly from the one before and leads smoothly into the next.
Interlaced within the theory are examples using the toolboxes, allowing the
user to quickly see results. The author is careful to explain, in optional
sections, the techniques used to program the toolboxes. MATLAB is designed
to be straightforward when problems are formulated as matrices rather than
as vector differential equations. Thus, the programming techniques differ
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from those presented in the main text. The chapters conclude with a Quick
Solution Guide reviewing the important equations and helping to locate
explanations of the functions within the text. These guides allow someone
already familiar with, or not interested in, the theory to quickly obtain re-
sults.

The reviewer warns that the following paragraph contains jargon that
may be familiar only to MATLAB users.

A check to see that the toolbox functions ran smoothly was straight-
forward due to the inclusion of functions that run all the examples in each
chapter together. They all ran with only one minor glitch, which was cleared
up with a prompt response from the author. Testing the validity of each
function would be extremely time consuming and is beyond the scope of
this review. The software supplied suffers one major drawback, the manner
in which it was compiled. The strength of MATLAB is its flexibility and
transparency; toolboxes offered by Mathworks are given as m-files which
allows the user to view and even alter the code written by the programmer.
If there is a problem with the code, the user can then see exactly what is
going on and attempt to fix it. The author (or publisher) of Stress, Strain,
and Structural Dynamics has chosen to compile the code instead as p-code,
which hides the code from the user and makes viewing and modifying the
code impossible. This severely limits one from incorporating these functions
into their own code.

This deficiency aside, there is often a need for back of the envelope
calculations and quick understanding of fundamental concepts. With Stress,
Strain, and Structural Dynamics you can get better, faster results than uti-
lizing even a large manila envelope. The Professional engineer or graduate
student with this software and text on their shelf would be able to test a new
structural idea quickly and easily. This new idea could quickly be sorted into
the “What was I thinking?” or the “This might just work!” basket.

The author states in the Introduction, “With this book an undergradu-
ate student in earlier years can solve various engineering problems without
worrying about numerical algorithms. This allows the student to focus on
important aspects of fundamental principles in engineering science and ex-
plore the physical insight of practical problems.” As computers become
more important to problem solving, fundamental principles and numerical
algorithms must be taught along side each other so that students understand
that the differences between them are only subtle. Even in their early years
the undergraduates in engineering should be learning to translate what they
learn in the classroom into code that they can run. The value of this text as
a teaching tool may be in having the students try writing their own MATLAB
code to solve the problems studied in class; these can then be tested against
the functions given with the text. In this case, it is better that the code is
hidden after all.

BENJAMIN DZIKOWICZ

Naval Surface Warfare Center, Panama City,
110 Vernon Ave.,

Panama City, Florida 32407
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Arthur A. Myrberg, Jr. * 1933-2005

Arthur A. Myrberg, Jr., a long-time member of the Acoustical Society
and one of the world’s leading figures in the field of animal bioacoustics,
died in Miami, Florida on April 8, 2005.

Professor Myrberg was born in Chicago Heights, Illinois on June 28,
1933, and was raised in the small farming town of Lulenecks, which is about
six miles from Joliet, Illinois. He began his education in a one-room school
house and then graduated to a large metropolitan high school. He attended
Ripon College where he received a B.A. in 1954 with a major in Biology
and a secondary major in Education. After graduation, Myrberg entered
military service with the U.S. Army, serving as an officer in the Second
Armored Division in Germany. After three years in the service, he spent one
year at the University of Illinois in Champaign/Urbana where he received an
M.S. degree (1958). He subsequently received his doctorate from the Uni-
versity of California, Los Angeles, in 1961. Myrberg immediately left for
Europe where he took up a postdoc at the Max-Planck-Institute for Behav-
ioral Physiology in Seewiesen (1961-1964), Germany, studying under the
Nobel Prize-winning ethologist Konrad Lorenz.

In 1964 Myrberg assumed a position as assistant professor at the Uni-
versity of Miami’s Institute of Marine and Atmospheric Sciences. When
Warren Wisby was tapped to establish the National Aquarium in Washing-
ton, D.C., Myrberg took over the well-funded animal behavior group at the
school and thus began his lifelong interest in shark biology and animal
bioacoustics. He was promoted to associate professor in 1967 and was
awarded tenure in 1971. He was promoted to full tenured professor in 1972
and remained at the University of Miami for the duration of his career,
continuing to work past his retirement.

Myrberg’s earliest published work, in 1964, “An analysis of the pref-
erential care of eggs and young by adult brooding cichlid fishes” started him
on his lifelong study of fish and other marine organisms. In 1965, the paper
“Sound production by cichlid fishes” was published in Science. This paper
was followed by subsequent papers that pioneered the study of sound pro-
duction and behavior of cichlid fishes, one of the most diverse groups of
freshwater fishes. The work was comparative and it looked at sound produc-
tion in a number of related species. It was also one of the first studies to
closely relate sound production with behavior of fishes.
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While Myrberg’s earlier work was on cichlids, his research extended to
marine organisms in general. In the early 1970s, he and his students began
research on sharks and pomacentrid fishes. Each study included laboratory
and field examinations of behavior and of how sound plays a role in the
lives of the subjects. This work, done in collaboration with his colleagues
and students, included the study of the attraction of sharks and other fishes
by low-frequency sound. Among the widely cited work carried out in Myr-
berg’s laboratory were studies carried out by Don Nelson and Samuel Gru-
ber that provided the first behavioral data on shark hearing.

Myberg’s research led to studies on details of the response and of the
stimuli that evoked it, with subsequent consideration of causal agents and
the possible use of sound as a practical shark repellent. He also investigated
the ethology and bioacoustics of a group of marine fishes, the Pomacen-
tridae (damselfish), that showed similar diversity in behavior and sound
production as the freshwater cichlids. One achievement was the understand-
ing of how a number of sympatric species of pomocentrids use acoustic
signals to identify conspecifics by discrimination between the temporal pat-
terns of the sounds produced by the different species. A review, “Ocean
noise and the behavior of marine animals: Relationships and implications”
published in 1980 was one of the first scholarly articles to express concerns
about the potential effects of human-generated sounds on marine organisms.
In 1981, Myrberg proposed the idea of “interception,” a behavior where one
animal, the interceptor, intercepts communication signals from a sender to
the intended receiver, unbeknownst to those animals. The interceptor then
modifies its own behavior based on that sound. This idea is currently re-
garded as a critical part of our understanding of how animals communicate.

Myrberg was a fellow of the Animal Behavior Society and the Ameri-
can Institute of Fishery Research Biologists. He published over 90 papers,
had long-term funding from the National Science Foundation, the Office of
Naval Research, and other granting agencies, and supervised 28 masters and
doctoral students. The importance of his work, rather than the numbers of
papers published, is his real legacy.

Professor Arthur A. Myrberg, Jr., is survived by a son Arthur Junior
and daughter Beverly.

ARTHUR N. POPPER
RICHARD R. FAY

SAMUEL H. GRUBER
WILLIAM N. TAVOLGA
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6,914,991
43.25.Lj PARAMETRIC AUDIO AMPLIFIER SYSTEM

Frank Joseph Pompei, Wayland, Massachusetts
5 July 2005 (Class 381/111); filed 17 April 2001

A parametric loudspeaker typically uses an array of piezoelectric trans-
ducers, requiring a high-voltage connection between the amplifier and the
array. By moving the stepup transformer and bias generator from the ampli-
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fier housing to the array itself, conventional low-voltage cabling can be
used. Owners of electrostatic loudspeakers may notice a faint similarity to
established prior art—GLA

6,909,340

43.35.Pt BULK ACOUSTIC WAVE FILTER UTILIZING
RESONATORS WITH DIFFERENT ASPECT
RATIOS

Robert Aigner et al., assignors to Infineon Technologies AG
21 June 2005 (Class 333/189); filed in Germany 24 November 2000

This patent discloses several physical arrangements of bulk acoustic
wave resonators designed to smooth and control the passband response of

J. Acoust. Soc. Am. 118 (6), December 2005
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bandpass filters in the GHz range. The devices are small thickness-mode
resonators made of AIN, though the principles would seem to be generally
applicable. It is curious in that there are no equations and only one or two
numbers actually stated for optimum aspect ratios, so to this reviewer there
does not seem to be any content to the patent other than what one might call
“rules of thumb.”—JAH

6,909,823

43.35.Sx ACOUSTO-OPTIC TUNABLE APPARATUS
HAVING A FIBER BRAGG GRATING AND AN
OFFSET CORE

Wayne V. Sorin and B. Yoon Kim, assignors to Novera Optics,
Incorporated
21 June 2005 (Class 385/28); filed 28 December 2001

This is a device for executing one or more operations on a band of
wavelengths extant within an optical signal. Use is made of the interaction
between the acoustic wave and the fiber Bragg grating, which reflects one or
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more nth-order sidebands of reflection wavelengths within an optical signal
in order to couple the specific band of wavelengths in one mode with a
second mode.—DRR
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6,912,925
43.35.Yb ACOUSTIC METER ASSEMBLY

Erik Cardelius, assignor to Maquet Critical Care AB
5 July 2005 (Class 73/866.5); filed in Sweden 5 February 2003

Gas flow meters and the like may employ one or more transducers
operating in the ultrasonic range. Typically, a signal is generated, travels
across a conduit, and is reflected back to a receiver. The property to be
measured is then determined from differences between the transmitted and
received signals. It is essential that the acoustic path length be known accu-
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rately, yet the exposed front face of the transducer assembly is subject to any
pressure changes of the fluid within the conduit, causing the transducer to
shift slightly in its resilient mounting. According to this patent, such a pres-
sure differential can be reduced by providing a vent 18 into back chamber
24, which also reduces the force required from bias spring 28.—GLA

6,911,708

43.35.Zc DUPLEXER FILTER HAVING FILM BULK
ACOUSTIC RESONATOR AND SEMICONDUCTOR
PACKAGE THEREOF

Jae-Yeong Park, assignor to LG Electronics Incorporated
28 June 2005 (Class 257/416); filed in the Republic of Korea
21 February 2003

This patent teaches the use of bimetal bonding layers to improve ad-
hesion of electrodes to various semiconductor substrates. Much ado is made
of this and other improvisations on the basic bulk acoustic wave resonator,
but really this patent tells us nothing that is not common practice in the field.
The language in it is difficult to understand, so the reader is advised to
browse elsewhere for information—JAH

6,911,765

43.35.Zc QUARTZ CRYSTAL TUNING FORK
RESONATOR

Hirofumi Kawashima, assignor to Piedek Technical Laboratory
28 June 2005 (Class 310/370); filed in Japan 31 October 2000

This patent tells us about a variety of tuning fork modifications that
can be used to change the temperature coefficient of the ordinary cuts to be
near zero. The modifications include fabricating multiple tines on a common
base, cutting the tines at an angle to the crystal axis, and cutting and elec-
troding grooves in the tines. All this seems to be a lot of cost and work to
reduce a temperature coefficient, but perhaps some day one of these tech-
niques will become standard. The patent is clear and concise in its descrip-
tion and claims.—JAH
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6,914,992

43.38.Ar SYSTEM CONSISTING OF A MICROPHONE
AND A PREAMPLIFIER

Aart Zeger van Halteren and Claus Erdmann Furst, assignors to
Sonion Nederland B.V.
5 July 2005 (Class 381/113); filed in the Netherlands 2 July 1998

The patent describes structural details of an integral microphone-
preamplifier design in which a rear gradient path has been designed so that
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its acoustical admittance is effective only at low frequencies. The result is an
improvement in low-frequency noise reduction.—JME

6,909,589
43.38.Bs MEMS-BASED VARIABLE CAPACITOR

Michael A. Huff, assignor to Corporation for National Research
Initiatives
21 June 2005 (Class 361/281); filed 20 November 2003

This patent describes the creation of various variable, parallel-plate
capacitors in low-temperature, cofired ceramics. The claims broadly cover
nearly every flexible capacitor that has been made, and do not address any
of the real problems of control of such a variable-separation device. The
novelty of the claims appears to come solely from the use of ceramic as the
structural material, but no mention is made of the processing and layer
alignment steps required for success. There are a few interesting, electrode
shapes depicted in the figures, but any knowledge that isn’t patently obvious
here (e.g., the use of physical stops to control snap-in) has been around for
years.—JAH
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6,888,946
43.38.Dv HIGH FREQUENCY LOUDSPEAKER

Wolfgang Bachmann et al., assignors to Harman Audio Electronic
Systems GmbH
3 May 2005 (Class 381/184); filed in Germany 23 May 2000

A loudspeaker is described that can be excited using either an electro-
dynamic or piezoeletric motor and which features a planar radiating surface
that can be constructed in a fractal manner to produce a wide-range assem-
bly. The faces of the planar structure can be glass, metal, or carbon fiber
reinforced resin. The composite planar structure can have alternating rows
of periodic bulges, which can be stamped knobs, pyramids, or other shapes,

60
58
53
57
56
54
55

with alternating rows being stamped in opposite directions with the periodic
arrangement in alternate rows offset by one-half a “knob” between rows.
Assembly 59 shows a fractal pattern of structurally changed zones in a
honeycomb sandwich material 60. Large 56, medium large 57, and small 58
drivers can be inserted into the appropriate zone(s).—NAS

6,895,097

43.38.Dv PLANAR TYPE SPEAKER AND SYSTEM
USING IT

Iwao Furuyama, assignor to Fal Company Limited
17 May 2005 (Class 381/152); filed in Japan 26 November 2002

By isolating the perimeter of a planar type loudspeaker 1 from the
frame 4 using flexble edge members 3, consisting of identical parts 3a and
3b, the performance of 1 is improved (or so the patent argues). The patent
describes the construction and manufacture of the diaphragm in some detail,
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SOUNDINGS

3/3b81/2 09 3 3 4
as well as the voice coil and other parts of the assembly. The planar assem-
bly appears to be part of a larger consumer speaker assembly.—NAS

6,911,901

43.38.Dv MULTI-FUNCTIONAL VIBRO-ACOUSTIC
DEVICE

Russ Bown, assignor to New Transducers Limited
28 June 2005 (Class 340/384.1); filed in the United Kingdom
20 December 2000

A panel-type loudspeaker is augmented by one or more input sensors
so that it can also serve as a touch-sensitive panel. The touch-sensitive areas
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include provisions for force feedback. That pretty much sums up Claim 1 of
the patent, which is the sole independent claim.—GLA

6,909,224
43.38.Fx PIEZOELECTRIC GENERATOR

Kamyar Ghandi et al., assignors to Continuum Photonics,
Incorporated
21 June 2005 (Class 310/339); filed 2 December 2003

This patent describes an interesting electric generator designed to take
rotating input (a hand crank is shown in one figure) and convert it to dc
electrical power. The inventors seem to be targeting small portable applica-
tions such as radios, computers, lights, and the like. The crank drives a
circular piezo plate over ball bearings or other protrusions, creating a circu-
lating mechanical wave in the plate. Segmented electrodes on the plate
allow the deformation to be converted to electricity with “all the energy
being put into the system to rotate plate...converted to electrically en-
ergy....” The claim is that such a standing wave allows coupling coefficients
approaching unity, a claim that seems unbased in fact. No design equations
or supporting data are given, but numerous circuits and waveforms are
shown to suggest that some such devices have been made and tested. —JAH
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6,911,787

43.38.Fx DRIVING METHOD AND DRIVING CIRCUIT
FOR PIEZOELECTRIC TRANSFORMER, COLD-
CATHODE TUBE LIGHT-EMITTING APPARATUS,
LIQUID CRYSTAL PANEL AND DEVICE

WITH BUILT-IN LIQUID CRYSTAL PANEL

Katsu Takeda and Hiroshi Nakatsuka, assignors to Matsushita
Electric Industrial Company, Limited
28 June 2005 (Class 315/209 PZ); filed in Japan 25 November 2002

This patent describes the application of piezoelectric transformers to
the task of driving cold-cathode displays. The content of the patent is mostly
how to tailor the driving waveform to reduce heating and overdriving of the
piezo element. There is little here that is not known to the average engineer,
and what is covered in depth is the drive circuitry for such a transformer.—
JAH

6,910,548
43.38.Ja MODULAR SPEAKER CONSTRUCTION
Mark H. Powell, assignor to Gibson Guitar Corporation

28 June 2005 (Class 181/199); filed 31 March 2003

Prior art includes a number of designs for loudspeaker boxes that can
be collapsed or disassembled during shipping or storage. In this case, the
goal is to enable a variety of enclosures to be built from a small number of

modular elements. A skeleton frame is first assembled and then individual
panels are fastened in place. The novelty appears to lie in the design of
corner units 20A-20D.—GLA
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6,912,292

43.38.Ja CONCENTRIC CO-PLANAR MULTIBAND
ELECTRO-ACOUSTIC CONVERTER

Anders Sagren, Uppsala, Sweden
28 June 2005 (Class 381/421); filed 26 December 2001

Dome tweeter assembly 192 is mounted in the center of woofer as-
sembly 181 such that ““the acoustic centers of said drive units substantially
coincide.” Since that phrase, taken from Claim 1 of the patent, describes
known prior art, any novelty must lie elsewhere. Well, Claim 1 also requires
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105
that at least one of the permanent magnets must be magnetized radially. No
specific reason is given for this requirement but the patent implies that it
allows a more powerful tweeter to be fitted into the limited space
available.—GLA

6,914,989

43.38.Kb DEVICE AND METHOD FOR CALIBRATION
OF A MICROPHONE

Cornelis Pieter Janse and Harm Jan Willem Belt, assignors to
Koninklijke Philips Electronics N.V.

5 July 2005 (Class 381/92); filed in the European Patent Office
30 June 2000

This patent deals with a technique for measuring the essential perfor-
mance parameters of a microphone on the production line. According to the
abstract, “The calibration arrangement includes an impulse response esti-
mating device 7 for estimating an acoustic impulse response of the micro-
phone by correlating the microphone output signal 6 and the loudspeaker

input signal 5 when the microphone 4 receives sound from the loudspeaker
3, whereby the output power of the microphone 4 is estimated.” Convoluted
English aside, this patent should be read by all who are in the manufacturing
sector.—JME
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6,912,287
43.38.Si WEARABLE COMMUNICATION DEVICE

Masaaki Fukumoto and Yoshinobu Tonomura, assignors to
Nippon Telegraph and Telephone Corporation
28 June 2005 (Class 381/151); filed in Japan 18 March 1998

Here we have another giant-size patent. It includes 52 drawing sheets
and 44 claims. The invention is described as ‘“‘a full-time wearable com-
mand input device in which a user can input a command by minute move-
ments of a human body while preventing any improper input caused by
bending or twisting the user’s wrist from being input as a command.” In the
embodiment shown, the user can initiate or receive a call simply by inserting

a fingertip into one ear. Voice signals are transmitted via a microphone built
into wristband 7. Audio is received via bone conduction from the fingertip,
which is energized by ring-shaped actuator 1. Although the device is de-
scribed in considerable detail, there is no indication that a working model
has actually been tested. —GLA

6,909,041

43.38.Vk SOUND FIELD CONTROL METHOD AND
SOUND FIELD CONTROL SYSTEM

Yoshiki Ohta, assignor to Pioneer Corporation
21 June 2005 (Class 84/630); filed in Japan 28 February 2002

When multichannel reverberant sound fields are generated (or repro-
duced) for musical enhancement, the elements of that sound field become a
part of the program that is fed directly into the listening space. What the
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listener hears is, in effect, a combination of local room reflections and re-
corded reverberant information. Normally this is not a problem, insofar as
the local reflections in most listening spaces are not likely to intrude on the
reproduced sound field. This patent discusses means of identifying local
reflections and cancelling them during the playback process, thus presenting
to the listener a more natural simulation of the original recording acoustics.
Music listening in the automobile is a good case in point where this could
help.—IME
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6,909,787

43.38.Vk METHOD AND RELATED APPARATUS
FOR STEREO VOCAL CANCELLATION

Ken-Chi Chen, assignor to Mediatek Incorporation
21 June 2005 (Class 381/17); filed in Taiwan, Province of China
21 August 2003

The Karaoke craze of the 1980s brought with it a number of audio
devices that removed the vocal information from a stereo program so that
brave bar patrons could in effect sing along with the remaining recorded
instrumental program. Since vocal information in a stereo program is essen-
tially in-phase in the stereo channels, a simple phase inversion of the stereo
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pair, when summed, will cancel the vocal portion of the program. What
remains when this is done is a single anti-phase monophonic channel. This
patent explores means of converting this mono channel to artificial stereo
through careful reequalization, taking into account some of the original ste-
reo content that may be out of the vocal frequency band.—JME

6,917,139
43.40.Cw FILM BULK ACOUSTIC RESONATOR

Kuk Hyun Sunwoo et al., assignors to Samsung
Electro-Mechanics Company, Limited

12 July 2005 (Class 310/321); filed in the Republic of Korea
5 December 2000

This is a “me-too” patent on a method for forming an effective bulk
acoustic wave resonator on a silicon substrate without having all the energy
of the resonant structure leak into the silicon. There is nothing novel here,
just some procedures for carving out silicon in thin membranes, depositing
ZnO or AIN, and getting electrical leads to the resulting structure. There are
other much more interesting patents on the subject of FBARs, and the reader
is advised to refer to them for information.—JAH
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6,917,261

43.40.Cw COMPONENT OPERATING WITH BULK
ACOUSTIC WAVES, AND HAVING
ASYMMETRIC/SYMMETRICAL CIRCUITRY

Michael Unterberger, assignor to EPCOS AG
12 July 2005 (Class 333/189); filed in Germany 5 December 2002

This brief patent describes the stacking of bulk acoustic resonators in
order to exploit their acoustic coupling. The parts are interposed with tung-
sten and silicon dioxide layers to create impedance matching structures and
create splitting and broadening of the passband of the filter. It is all done for
use in the 1500—-1600-MHz range, for baluns in cell phone systems. The
discussion is quite basic and general, with no equations and no design rules
other than remarks like “this layer should be one quarter wavelength thick,”
etc.—JAH

6,911,117

43.40.Tm METHOD AND EQUIPMENT FOR
ATTENUATION OF OSCILLATION IN A PAPER
MACHINE OR IN A PAPER FINISHING DEVICE

Jouko Karhunen et al., assignors to Metso Paper, Incorporated
28 June 2005 (Class 162/199); filed in Finland 30 April 1997

Vibration reduction of a paper roll device is obtained by means of a
dynamic absorber attached to a bearing housing. The absorber consists in
essence of a spring-mass system whose natural frequency is tuned to the
roll’s rotational frequency or one of its harmonics. A control system changes
the absorber’s effective spring constant, so as to keep the absorber appro-
priately tuned as the rotational speed of the roll changes.—EEU

6,916,017
43.40.Tm VIBRATION DAMPER DEVICE

Mathieu Noe, assignor to Hutchinson
12 July 2005 (Class 267/161); filed in France 6 June 2001

This patent describes a vibration isolator of compact construction that
includes a coil to provide electrodynamic damping, as well as centering
springs to maintain axial alignment of the structural elements.—EEU

6,915,783

43.40.Vn METHOD FOR THE DAMPING OF
MECHANICAL VIBRATIONS IN THE DRIVE TRAIN
OF AN INTERNAL COMBUSTION ENGINE

Ralph Mader and Michael Suedholt, assignors to Siemens
Dematic AG

12 July 2005 (Class 123/406.24); filed in Germany 3 December
1999

Attenuation of vibrations of the drive train of an internal combustion
engine is accomplished by active adjustment of the engine’s ignition angle.
The control algorithm takes account of sensed vibrations of the drive train,
as well as effects of imminent acceleration or load changes, as determined
from the throttle valve position. It may also take account of such other
parameters as temperature, vehicle speed, and transmission settings.—EEU
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6,883,754

43.40.Yq REMEDIATION OF FAN SOURCE
PRODUCTION OF SMOKE IN AN AIRCRAFT CABIN

Stephen D. Ehrick, assignor to Inflight Warning Systems, LL.C
26 April 2005 (Class 244/118.5); filed 15 August 2002

Failure of fans used for cabin ventilation in aircraft can introduce
smoke into the passenger space. The patent describes a method of detecting
excessive vibration of inflight fan motors that may indicate the imminent
failure of the fan, which could cause the production of smoke. The vibration
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of fan housing 14 is detected by vibration detector apparatus 25. When
vibrations due to excessive bearing wear or rotor tip interference are de-
tected, the fan is then shut down or, altenatively, the fan speed is reduced.—
NAS

6,907,736

43.50.Gf GAS TURBINE COMBUSTOR HAVING AN
ACOUSTIC ENERGY ABSORBING WALL

Keizo Ohnishi ef al., assignors to Mitsubishi Heavy Industries,
Limited
21 June 2005 (Class 60/725); filed in Japan 9 January 2001
A thin corrugated plate within the combustor of a gas turbine absorbs
acoustical energy by means of a perforated plate—CJR

6,914,020

43.55.Ev SOUND AND HEAT INSULATION
MATERIAL

Friedhelm Beckmann, assignor to Moeller Tech GmbH
5 July 2005 (Class 442/222); filed in Germany 9 February 1999

An otherwise normal insulation material for buildings, motor vehicles,

conduits, and such is covered with an exterior wrapping material that foams
up when at high temperatures and is difficult or impossible to ignite—CJR

6,895,378

43.55.Ka SYSTEM AND METHOD FOR PRODUCING
ACOUSTIC RESPONSE PREDICTIONS VIA A
COMMUNICATIONS NETWORK

John D. Meyer et al., assignors to Meyer Sound Laboratories,
Incorporated
17 May 2005 (Class 704/270); filed 24 September 2001

There are many stand-alone computer programs that are used by audio
and other designers to calculate the response of electroacoustic sytems in
rooms. This patent describes a remote client version of one such program. A
Java applet resides on the user’s computer. The applet allows for project
parameter input and communication with the processing system maintained
by the assignee. Anyone who has used a resident prediction program will
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appreciate the ability to offload the computational grunt work and also in
having an up-to-date database running on the latest version of the main
prediction program.—NAS

6,907,784

43.58.Vb VIBRATION TYPE ANGULAR VELOCITY
SENSOR

Kenji Kato, assignor to Denso Corporation
21 June 2005 (Class 73/514.15); filed in Japan 13 March 2003

The Background section of this patent explains that electrically driven
tuning forks are used as angular velocity sensors in vehicular automatic
braking systems and the like. One problem with this type of sensor is that a
slight mechanical imbalance can create instability in the operation of the
sensor. Such errors can be reduced by grinding away a small amount of
material—a process somewhat similar to dynamic balancing of rotating ma-
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chinery. However, this calibration process not only requires a suction device
to remove the grindings but is difficult to correct if too much material is
removed. The patent describes a method for including the required correc-
tion in the associated electronic circuitry, requiring no mechanical calibra-
tion procedure and enabling readjustment to be performed at any time.—
GLA
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6,895,093

43.60.Dh ACOUSTIC ECHO-CANCELLATION
SYSTEM

Murtaza Ali, assignor to Texas Instruments Incorporated
17 May 2005 (Class 381/66); filed 3 March 1999

Time-varying all-pass filters 45 and 47 are used to better decorrelate
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the signals in a teleconference system to improve the performance of a

multichannel (in this case, a two channel) AEC system.—NAS

6,912,178

43.60.Fg SYSTEM AND METHOD FOR COMPUTING
A LOCATION OF AN ACOUSTIC SOURCE

Peter L. Chu ef al., assignors to Polycom, Incorporated
28 June 2005 (Class 367/123); filed 15 April 2003

The patent describes techniques for precisely identifying the position
of an acoustical source relative to an arbitrary microphone array. The analy-
sis takes place in multiple frequency bands and addresses the problems of
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speed, accuracy, and reliability of analysis. Such systems would have use in
teleconferencing and surveillance activities. The patent is well written and
deserves to be read by all who work in these fields.—JME
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6,914,854

43.60.Fg METHOD FOR DETECTING EXTENDED
RANGE MOTION AND COUNTING MOVING
OBJECTS USING AN ACOUSTICS MICROPHONE
ARRAY

Jeffrey R. Heberley et al., assignors to The United States of
America as represented by the Secretary of the Army
5 July 2005 (Class 367/119); filed 30 June 2003

The patent addresses problems in military surveillance, and the like,
where a large physical range of object movement must be assessed. Accord-
ing to the abstract, ““Algorithms detect and confirm the appropriate presence
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of objects moving through the beam and perform other algorithmic tests to

verify that the object is a valid object to be counted.” The patent is well
supported by measurements.—JME

6,917,688

43.60.Fg ADAPTIVE NOISE CANCELLING
MICROPHONE SYSTEM

Zhuliang Yu and Wee Ser, assignors to Nanyang Technological
University
12 July 2005 (Class 381/94.7); filed 11 September 2002

The patent describes signal processing techniques for enhancing
speech using only two fairly closely spaced (2—-3 cm) microphones. The
microphone outputs are added and subtracted to create an enhanced speech
signal (sum) and a speech-nulled (difference) signal. Through several com-

41 46 48 43
{ [/ /.

35

v
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plex stages of signal-derived FIR equalization, the noise floor of the desired
signal is reduced further. References are made to the DSP techniques by
which these operations are carried out; regrettably, there are no measure-
ments showing how effective the entire operation may be.—JME
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6,909,819

43.60.Uv SYSTEM AND METHOD FOR CANCELING
DISTURBANCE MEMS DEVICES

Brian P. Tremaine and Joseph E. Davis, assignors to Capella
Photonics, Incorporated
21 June 2005 (Class 385/17); filed 16 April 2004

This patent discloses the use of feedforward techniques to cancel the
mechanical cross-coupling between moving elements in a mirror array. The
algorithm described is one-dimensional in that it covers only nearest-row
neighbors, but one can easily imagine 2-D versions and more sophisticated
adaptive versions of the model for cross-coupling. This algorithm is said to
be in use in a commercial WDM optical switch.—JAH

6,915,264

43.60.Uv COCHLEAR FILTER BANK STRUCTURE
FOR DETERMINING MASKED THRESHOLDS
FOR USE IN PERCEPTUAL AUDIO CODING

Frank Baumgarte, assignor to Lucent Technologies Incorporated
5 July 2005 (Class 704/500); filed 22 February 2001

For compression of audio signals, as well as for automatic audio qual-
ity assessment, perceptual models are usually employed to estimate the au-
dibility of signal distortions. The patent describes a method and apparatus
for determining masked thresholds for the perceptual auditory model used,
e.g., in a perceptual audio coder, which uses a filter bank structure consisting
of multiple filter bank stages connected in series. Each filter bank stage, in

likq 131k '('kﬂ
FILTER-BANK FILTER-BANK FILTER-BANK
SECTION k-1 SECTION k SECTION K+1
x(n) 5
O~ v e O
AUDIO
SIGNAL

BAND-PASS
SIGNALS

turn, comprises a number of low-pass filters connected in series and an equal
number of high-pass filters. Downsampling is applied between each succes-
sive pair of filter bank stages. The filter bank coefficients may be optimized
for modeling of masked threshold patterns of narrow-band maskers, and the
generated thresholds may be applied in a perceptual audio coder.—DRR

by+1(n)

6,913,578

43.64.Yp METHOD FOR CUSTOMIZING AUDIO
SYSTEMS FOR HEARING IMPAIRED

Zezhang Hou, assignor to Apherma Corporation
5 July 2005 (Class 600/559); filed 24 April 2002

This apparatus provides methods for customization of personal audio
systems for hearing-impaired individuals and aids for designing and produc-
ing audio products that incorporate components or software that helps to
compensate for individual hearing-loss characteristics. The customization
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can be performed either online or offline. The customization entails the
testing of the patient’s hearing to obtain reference parameters such as aural
frequency response, threshold of hearing, etc—DRR

6,912,500

43.66.Qp FACILITATION OF SPEECH RECOGNITION
IN USER INTERFACE

Marianne Hickey and Paul St John Brittan, assignors to Hewlett-
Packard Development Company, L.P.

28 June 2005 (Class 704/270); filed in the United Kingdom
29 January 2001

This patent is extremely general in scope, and suggests various ways
of connecting a 3D audio field presented to a user with computer recognition
of speech by said user. The suggestions all seem rather vague, e.g., by
spreading service access points around a virtual field, speech recognition
could then be made sensitive to the user turning to face the desired service
while speaking the relevant words. There is also a proposal to make speech
recognition sensitive to a speaker’s volume, which would correlate with the
distance of an access point in the audio field. —SAF
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6,904,334

43.66.Qp ROBOT APPARATUS AND METHOD FOR
CONTROLLING THE OPERATION THEREOF

Yasuharu Asano and Junichi Yamashita, assignors to Sony
Corporation
7 June 2005 (Class 700/245); filed in Japan 18 March 2002

Mechanisms are described by which a robot would determine the di-
rection from which a speech signal or other sound had come and orient head
and then body toward that sound. The orientation is done in two steps. First,
the neck is turned at rotation joint 101 in the direction of the sound, using
body movements only as needed to face directly toward the sound. After a

preliminary analysis of the sound, and especially if the source is deemed by
prior training to be a known individual, the body movement is completed, al-
lowing the neck position to be straightened out. These operations, from
analysis of the dual-microphone pickup to descriptions of joint movements,
are covered in considerable detail. —DLR

6,916,291

43.66.Sr SYSTEMS, METHODS AND PRODUCTS
FOR DIAGNOSTIC HEARING ASSESSMENTS
DISTRIBUTED VIA THE USE OF A COMPUTER
NETWORK

Gregg D. Givens ef al., assignors to East Carolina University
12 July 2005 (Class 600/559); filed 5 February 2002

Systems, methods, and associated devices and computer programs are
described here for executing diagnostic hearing tests that utilize a computer
network to provide interaction between a test administration site and one or
more remote patient sites. The test may be administered by an audiologist or
a qualified clinician at a site remote from the patient, so that there is inter-
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action between the user and the clinician during at least a portion of the test.
The tests can be performed to meet standardized guidelines such as ANSI
requirements or certification standards.—DRR

6,914,996

43.66.Ts PORTABLE TELEPHONE ATTACHMENT
FOR PERSON HARD OF HEARING

Takeshi Takeda, assignor to Temco Japan Company, Limited
5 July 2005 (Class 381/380); filed in Japan 24 November 2000

A cellular phone attachment for use by a hearing-impaired person in-
cludes a microphone to be positioned close to the receiver portion of the
cellular phone and a bone conduction speaker that is placed in contact at the
appropriate location on a user’s head. A main body contains the amplifier, a
battery, and means for mounting the microphone next to the receiver and the
bone conduction speaker on the user’s head.—DRR

6,912,289

43.66.Ts HEARING AID AND PROCESSES FOR
ADAPTIVELY PROCESSING SIGNALS THEREIN

André Vonlanthen et al., assignors to Unitron Hearing Limited
28 June 2005 (Class 381/312); filed 9 October 2003

The particular signal processing method selected is determined by
comparing in each of several frequency bands the input signal level and the
amount of amplitude modulation in the input signal to at least one threshold
4
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value for each. The threshold values are associated with particular signal
processing methods including adaptive directionality, noise and acoustic
feedback cancellation, and adaptive wind noise management.—DAP
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6,914,994

43.66.Ts CANAL HEARING DEVICE WITH
TRANSPARENT MODE

Adnan Shennib and Ross G. Baker, Jr., assignors to InSound
Medical, Incorporated
5 July 2005 (Class 381/312); filed 7 September 2001

During long periods of inactivity, the wearer of a canal hearing aid
would select a power-saving transparent mode without removing the device
from the ear canal. The transparent mode compensates for the insertion loss

of ear canal resonance caused by inserting the hearing aid and provides
approximately the same frequency response in the ear canal as the unoc-
cluded ear—DAP

6,915,209

43.66.Ts VISUAL AND AUDIBLE BUS ROUTING
SYSTEM

David 1. Spann, Savannah, Georgia
5 July 2005 (Class 701/213); filed 19 May 2003

This is a route information system that automatically provides both
visual and audible information to hearing and visually impaired bus riders. A
combined computer/global positioning system automatically displays the lo-
cation on screen displays and makes announcements through loudspeakers.

b4 13

The displays and speakers are located inside the bus and also on the exterior,
so the handicapped riders would know when to get on or off. Hopefully, the
loudspeaker system would be clearer than is usually the case in bus and
airline terminals.—DRR
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6,912,495

43.72.Ar SPEECH MODEL AND ANALYSIS,
SYNTHESIS, AND QUANTIZATION METHODS

Daniel W. Griffin and John C. Hardwick, assignors to Digital
Voice Systems, Incorporated
28 June 2005 (Class 704/208); filed 20 November 2001

This patent proposes improved methods for parametric representation
of speech for coding or synthesis, but the underlying specifics are not pro-
vided here. Generally, speech is to be represented using three parameters,
viz., time-frequency distributions of voiced speech power (harmonics), un-
voiced speech power (noise), and “pulse component” power. To obtain
these, the authors cite prior patents. This patent chiefly runs through a laun-
dry list of ways of using the three parameters to quantize various aspects of
speech.—SAF

6,912,497

43.72.Ar CALIBRATION OF SPEECH DATA
ACQUISITION PATH

Yifan Gong, assignor to Texas Instruments Incorporated

28 June 2005 (Class 704/228); filed 18 January 2002

How good is a speech transmission channel? Where multiple choices
are available, such parsing may be essential. This patent uses a number of
advanced analytical techniques to verify the accuracy and calibration of a
speech acquisition path. As stated in the abstract, “The processing uses

v
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equations derived by modeling convolutive and additive noise as polynomi-
als with different orders and estimating model parameters using maximum
likelihood criteria and simultaneously solving linear equations for different
orders.” The patent is short but complex and should be read by all who are
in related fields.—JME
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6,915,260

43.72.Ar METHOD OF DETERMINING AN
EIGENSPACE FOR REPRESENTING A PLURALITY
OF TRAINING SPEAKERS

Henrik Botterweck, assignor to Koninklijke Philips Electronics,
N.V.
5 July 2005 (Class 704/250); filed in Germany 27 September 2000

This patent proposes an improvement to the “eigenvoice” approach to
speech recognition, patents pertaining to which have been reviewed here
recently. In this approach, each training speaker’s parameters are concat-
enated into a ““supervector,” and from the space of supervectors an eigen-
space is obtained by a linear transformation such that its basis vectors rep-
resent either correlation among training speakers or discriminatory attributes
among speaker models. As pointed out in this patent, the number of model
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parameters for the training database leads to an unmanageably high-
dimensional model space from large vocabulary ASR training, making it
computationally impossible to actually carry out the eigenspace transforma-
tion. The proposal here involves any number of well-known change-of-basis
algorithms, such as Gram-Schmidt orthogonalization, to obtain a “‘speaker
subspace,” performing the desired transformation to the eigenspace basis
vectors in each speaker model, and then reconverting.—SAF

6,915,256

43.72.Gy PITCH QUANTIZATION FOR DISTRIBUTED
SPEECH RECOGNITION

Tenkasi V. Ramabadran and Alexander Sorin, assignors to
Motorola, Incorporated
5 July 2005 (Class 704/207); filed 7 February 2003

Distributed speech recognition refers to allowing a wireless device to
perform feature extraction, leaving pattern recognition to a back-end server.
This necessitates encoded transmission of extracted features such as pitch
using as few bits as possible. This patent proposes quantization methods
which reduce the bit requirements of the prior art standards by such methods
as intermingling frame class (e.g., voiced/unvoiced) and pitch information
rather than separately encoding these with multiple code words.—SAF
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6,915,263

43.72.Gy DIGITAL AUDIO DECODER HAVING
ERROR CONCEALMENT USING A DYNAMIC
RECOVERY DELAY AND FRAME REPEATING
AND ALSO HAVING FAST AUDIO MUTING
CAPABILITIES

Hua Chen ef al., assignors to Sony Corporation
5 July 2005 (Class 704/500); filed 20 October 1999

A decoder is proposed in which recovery delay is adaptive and based
on an error rate. When the error rate is high, the silent period between error
frames is extended. Error concealment is performed by repeating previous
audio frames. Fast muting is accomplished within two frames of a mute
signal.—DAP

6,910,007

43.72.Ja STOCHASTIC MODELING OF SPECTRAL
ADJUSTMENT FOR HIGH QUALITY PITCH
MODIFICATION

Toannis G. (Yannis) Stylianou and Alexander Kain, assignors to
AT&T Corporation
21 June 2005 (Class 704/207); filed 25 January 2001

This patent addresses a problem in speech synthesis, viz., that the
clean modification of the pitch of voiced speech sounds is hampered by a
correlation between pitch and power spectrum (line spectral frequencies)
that exists in real speech. The authors propose to set up a large database of
speech sounds (either actual or encoded by parameters) including informa-
tion about these correlations from the actual speech of one speaker. Subse-
quent speech synthesis using that speaker as a template will refer to the
database to select the best possible exemplar of the desired speech sound for
the desired fundamental frequency.—SAF

6,890,180

43.72.Kb PHONETIC TRANSLITERATION CARD
DISPLAY

Ronni S. Sterns et al., assignors to Creative Action LLC
10 May 2005 (Class 434/157); filed 22 August 2003

This system would provide a physical display of multiple phrase cue
cards in a speaker’s native language while that person is trying to commu-
nicate in a second language. Each card would include a phonetically spelled
version of the phrase in the second language. The idea is that the speaker
would be able to pronounce the foreign-language phrase by reading the
phonetic text such that the listener would understand. In general, both the
speaker and the listener would likely find this cumbersome and time con-
suming, but it could prove useful in situations, such as a hospital, where the
staff members do not speak the local language. However, while the staff
members might be familiar with the device, understanding the reply could
be a problem. There is no mention of the obvious possibility of setting up
such a system with an electronic display.—DLR
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6,910,005

43.72.Ne RECORDING APPARATUS INCLUDING
QUALITY TEST AND FEEDBACK FEATURES
FOR RECORDING SPEECH INFORMATION TO A
SUBSEQUENT OFF-LINE SPEECH
RECOGNITION

Heinrich Franz Bartosik, assignor to Koninklijke Philips
Electronics N.V.

21 June 2005 (Class 704/201); filed in the European Patent Office
29 June 2000

This patent addresses a problem seeming to arise when voice material
is recorded in a dictation mode for later transfer to a computer system to be
recognized and transcribed. If errors in the transfer process or the recogni-
tion operations seriously disrupt the transcription, the user is not likely to be
satisfied. But such errors should be made known, if possible, at the time of
recording. The patented device has an error processor which evaluates the
speech quality and, knowing the details of the transfer and recognition pro-
cesses, provides, as nearly as possible, a prediction of the recognition re-
sults. A feedback mechanism allows real-time updates of the current system
conditions to the recording device.—DLR

6,891,932

43.72.Ne SYSTEM AND METHODOLOGY FOR
VOICE ACTIVATED ACCESS TO MULTIPLE DATA
SOURCES AND VOICE REPOSITORIES IN A
SINGLE SESSION

Gautam Bhargava et al., assignors to Cisco Technology,
Incorporated
10 May 2005 (Class 379/88.02); filed 11 December 2001

With this system, a ‘““backbone’ controller program, written in the
VoiceXML language, provides voice access to a large number of diverse
databases, software services, or outside telephone connections, using a net-
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work. An example grammar presented in the patent text is a Perl-like script,
which would function something like a CGI server to provide access to the
various services.—DLR
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6,917,917

43.72.Ne APPARATUS AND METHOD FOR VOICE
RECOGNITION AND DISPLAYING OF
CHARACTERS IN MOBILE TELECOMMUNICATION
SYSTEM

Yeon-Joo Kim, assignor to Samsung Electronics Company,
Limited

12 July 2005 (Class 704/235); filed in the Republic of Korea
30 August 1999

To enable a caller to transfer a message to a called user at any time,
voice messages are recognized via speech recognition, converted to charac-
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ters, and put on the display of the user’s mobile phone or paging unit when
the user is not available—DAP

6,917,802

43.72.Ne MOBILE KEYLESS TELEPHONE
INSTRUMENTS AND WIRELESS
TELECOMMUNICATIONS SYSTEM HAVING VOICE
DIALING AND VOICE PROGRAMMING
CAPABILITIES

Byard G. Nilsson, Fallbrook, California
12 July 2005 (Class 455/419); filed 17 May 2001

Small, customized, inexpensive, voice-actuated, remote keyless de-

vices may be activated via voice recognition to dial and perform such op-
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erations as call screening and call routing. Operations may be customized
using single nonnumerical words to dial specific numbers.—DAP
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6,889,188

43.72.Ne METHODS AND APPARATUS FOR
CONTROLLING AN ELECTRONIC DEVICE

Benjamin T. Metzler and Wayne D. Trantow, assignors to Intel
Corporation
3 May 2005 (Class 704/270); filed 22 November 2002

Described here is what might be called a superstructure for using spo-
ken commands to control electronic devices which were not designed for
voice control. Basically, the system would have a database of the attached
devices, including interface specifications suitable for controlling each of
the devices electronically. A generic speech interface can then use the data-
base to convert voice commands to device commands. Running through the
30 claims is the common thread that the devices must all be interconnected
by a local-area network, assuming the use of TCP/IP protocols. Presumably,
other patents have already been issued covering this obvious idea for the
case of direct connections.—DLR

6,917,918

43.72.Ne METHOD AND SYSTEM FOR FRAME
ALIGNMENT AND UNSUPERVISED ADAPTATION
OF ACOUSTIC MODELS

William H. Rockenbeck et al., assignors to Microsoft Corporation
12 July 2005 (Class 704/244); filed 22 December 2000

The goal is to reduce the storage and time requirements associated
with aligning individual frames of speech with acoustic units during adap-
tation. In the proposed method, utterances are converted into feature vectors,
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which are decoded to produce a transcript and alignment unit boundaries for
each utterance, resulting in fewer required feature vectors.—DAP
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6,889,192

43.72.Ne GENERATING VISUAL FEEDBACK
SIGNALS FOR EYE-TRACKING CONTROLLED
SPEECH PROCESSING

Wolfgang Friedrich et al., assignors to Siemens Aktiengesellschaft
3 May 2005 (Class 704/275); filed in Germany 27 January 2000

This is a minor variation of the setup covered by United States Patent
6,853,972 [reviewed in J. Acoust. Soc. Am. 118(4), 2101-2115 (2005)] for
controlling a complex system, such as a manufacturing plant, using eye-
movement tracking as well as speech recognition. While similar to those in
the earlier patent, the claims here have been rewritten.—DLR

6,917,920

43.72.Ne SPEECH TRANSLATION DEVICE AND
COMPUTER READABLE MEDIUM

Atsuko Koizumi et al., assignors to Hitachi, Limited
12 July 2005 (Class 704/277); filed in Japan 7 January 1999

This language translation device purports to be able to provide cover-
age of a wider range of situations and dialogue than prior examples. In-
tended for use by, e.g., a traveler to a foreign country, the device would
include a template system for sentence construction and a speech recognizer
able to convert spoken phrases into search items to aid in filling in the
sentence forms. It seems obvious that one would want as much computer
power as could be available in an artificial intelligence mode to provide
estimates of the situation, to generate word lists, etc. That is left to a
follow-up patent. Many examples in the Japanese language are provided.—
DLR

6,911,592

43.75.Wx PORTABLE TELEPHONY APPARATUS
WITH MUSIC TONE GENERATOR

Tsuyoshi Futamase et al., assignors to Yamaha Corporation
28 June 2005 (Class 84/622); filed in Japan 28 July 1999

This patent runs to 56 pages. It is assigned to a major Japanese manu-
facturer and represents the combined effort of eight highly trained engineers.
How will modern civilization benefit from this stupendous display of brain
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power? Why, in providing cellular phone users more options in program-
ming their individual ring signals. The circuitry described here accommo-
dates not only polyphonic tunes but the ability to receive spoken information
and background music as well—GLA
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6,913,581

43.80.Sh HIGH OUTPUT THERAPEUTIC
ULTRASOUND TRANSDUCER

Paul D. Corl, Palo Alto, California et al.
5 July 2005 (Class 601/2); filed 24 October 2002

The design of this transducer is said to provide very high-amplitude
vibrational signals without failure of the system. In the preferred embodi-
ment, the therapeutic ultrasound delivery system consists of a catheter body
with multiple axially spaced-apart, hollow, cylindrical vibrational transduc-
ers distributed along its length, a spring connector wrapped around the outer
surfaces of the piezoelectric vibrational transducers, and another connector
that contacts the inner surfaces of these transducers.—DRR

6,908,434

43.80.Vj ULTRASOUND IMAGING CATHETER
ISOLATION SYSTEM WITH TEMPERATURE
SENSOR

David Jenkins and Simcha Borovsky, assignors to EP
MedSystems, Incorporated
21 June 2005 (Class 600/466); filed 16 January 2003

A thermistor mounted on the catheter near the ultrasound transducer
senses the temperature in the region of the transducer. The temperature is
used to control the power output of the transducer. Electrical isolation is
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30
provided by a transformer box in the cable between the catheter and the
ultrasonic imaging electronics.—RCW
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6,911,008

43.80.Vi COMPOUND ULTRASOUND IMAGING
METHOD

Laurent Pelissier et al., assignors to Ultrasonix Medical
Corporation
28 June 2005 (Class 600/443); filed 19 February 2003

Frames of b-scan echo data are acquired with different scanline prop-
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erties such as angle, length, and geometry and are compounded in real
time.—RCW

Reviews of Acoustical Patents 3392



LETTERS TO THE EDITOR

This Letters section is for publishing (a) brief acoustical research or applied acoustical reports, (b)
comments on articles or letters previously published in this Journal, and (c) a reply by the article author
to criticism by the Letter author in (b). Extensive reports should be submitted as articles, not in a letter
series. Letters are peer-reviewed on the same basis as articles, but usually require less review time
before acceptance. Letters cannot exceed four printed pages (approximately 3000-4000 words) in-
cluding figures, tables, references, and a required abstract of about 100 words.

Equivalence of expressions for the acoustic radiation force

on cylinders (L)

Wei Wei® and Philip L. Marston®

Department of Physics and Astronomy, Washington State University, Pullman, Washington 99164-2814
(Received 15 June 2005; revised 12 September 2005; accepted 25 September 2005)

Using an appropriate grouping of terms, a radiation force expression for cylinders in a standing
wave based on far-field scattering [Wei ef al., J. Acoust. Soc. Am. 116, 202-208 (2004)] is
transformed to an expression given elsewhere [F. G. Mitri, Eur. Phys. J. B 44, 71-78 (2005)].
Mitri’s result is from a near-field derivation for the specific case of a circular cylinder. The far-field
derivation also applies to noncircular objects having mirror symmetry about the incident wave
vector. Some aspects of far-field derivations of optical and acoustical radiation forces are noted as
are some implications for the radiation force on cylinders in travelling waves. © 2005 Acoustical

Society of America. [DOI: 10.1121/1.2126918]
PACS number(s): 43.25.Qp, 43.20.Fn [MFH]

I. INTRODUCTION

Recently Wei, et al.' showed how the radiation force-
per-length on a symmetric cylinder in a dissipationless fluid
can be expressed in terms of far-field scattering. The analysis
assumed that the scattering is an even function of scattering
angle so that partial wave series for the scattering has the
form given by Eq. (2) of Ref. 1, which we refer to as Eq.
(W2). As an example, Wei er al. applied this method to the
scattering by a cylinder in a standing wave and obtained a
simple series” for the dimensionless radiation force function
Yo Eq. (W19). The series was expressed using the complex
partial wave coefficients a, for the scattering of a traveling
wave by the cylinder. Subsequently, for a circular cylinder
Mitri® obtained, by a near-field method, what may at first
appear to be a different series for Y, Eq. (15) of Ref. 3.
Furthermore, Mitri’s discussion appears to suggest that deri-
vations of radiation force based on far-field scattering are in
some sense approximate. That is contrary to the derivation in
Ref. 1. The purpose of this letter is (a) to show that Eq.
(W19) reduces to Eq. (15) of Ref. 3 with an appropriate
grouping of terms, (b) to clarify the significance and history
of using far-field scattering for the analysis of radiation pres-
sure, and (c) to note the generalization to progressive waves.
In all cases the cylinder’s axis is perpendicular to the axis of
the incident wave. A partially analogous discussion of the
equivalence of different derivations of traveling wave radia-
tion pressure on spheres was given by Hasegawa.4 The small
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rigid-cylinder limiting case was previously examined by Wu
et al.’

Il. ANALYSIS AND DISCUSSION

Equation (W19) for the dimensionless radiation force
function Y, is

Y= (8/k,R) 2 (= 1)@, Brst = @ne1 By — (£,/2)B,], (1)
n=0

where a,=a,+if3, is the complex partial wave scattering co-
efficient in Eq. (W2), k, is the wave number in the outer
medium, and g,=2-4,, where &, is the Kronecker delta.
For the case of a circular cylinder, R is the radius of the
cylinder. The radiation force per unit length is

F.JL=(RI4)P2k,Y sin(2k,h), ()

where P, is the standing wave pressure amplitude, k, is the
compressibility of the outer medium, and & denotes the po-
sition of the cylinder as explained above Eq. (W14). For the
case of an elliptical cylinder, with a symmetric orientation as
shown in Fig. 5 of Ref. 1, R becomes the same reference
radius used in Eq. (2). The R in the denominator of Eq. (1)
cancels the R in the numerator of Eq. (2) so that F_/L does
not depend on the value of the reference radius. Equation (1)
may be rewritten as

Yst = (4/k0R)E (_ 1)n+1(2an+1ﬂn - 2a’nﬁn+1 + snﬁn) > (3)
n=0

where
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2 (=" e, B=—(Bo— B+ (Bi—B) = (By—Bs) + -+
n=0

= E (_ 1)n+1(ﬂn - Bn+l)' (4)
n=0
It follows that

Yst = (4/koR)E (_ 1)n+l[ﬁn(1 + 2'an+1) - 18n+1(1 + 26!,1)],
n=0

(5)

which is Eq. (15) of Ref. 3. While the specific numerical
examples in Wei ef al. were for fluid circular cylinders, the
derivation and discussion in Secs. I, II, and IV of Ref. 1
make it clear that the result in Eq. (1) applies also to sym-
metric solid or rigid cylinders and to shells when the appro-
priate partial-wave coefficients a, are used. There have been
recent advances in the evaluation of the coefficients a,, for
solid elliptical cylindelrs.6

Beginning as early as Debye’s 1909 analysis of the elec-
tromagnetic radiation force on spheres,7’8 it has been recog-
nized that calculations of radiation force based on far-field
limits of the scattering do not introduce any approximation
for the radiation force in the idealized case of loss-less me-
dia. Other examples in electromagnetics include the analysis
of radiation torques and angular momentum flux.”' In cal-
culations of acoustical radiation force, the approach based on
far-field scattering was used in the 1950s by Westervelt et
al,M' ™ by Gorkov," and by Lee and Wang.16 In the present
case of a cylinder, the scattering contributions that fall off
faster than 1/ r give a vanishing contribution to the cylin-
drical surface integral in Eq. (10) of Ref. 1 when the distance
r goes to infinity. The analogous result for a spherical surface
integral concerns contributions falling off faster than 1/r.

Ill. RADIATION FORCE ON CYLINDERS IN
PROGRESSIVE WAVES

Hasagawa et al'"® expressed the radiation force per
unit length on a circular cylinder of radius R in a progressive
wave with a time-averaged intensity (/) using a dimension-
less radiation force function Y),. The radiation force per unit
length F,/L is given by 2({I}/c,)RY, where c, is the speed of
sound in the outer medium,

Yp == (2/k0R)2 [an + @yt z(ananﬂ + BanH)]s (6)
n=0

and a, and B, are defined as in Eq. (1). This result was based
on a near-field evaluation of the radiation stress on the cyl-
inder. Equation (6) was confirmed by Mitri® as a special case
in an analysis of the radiation force of quasistationary waves
on a circular cylinder. From the equivalence of near- and
far-field derivations leading to Eq. (W13), it follows that Eq.
(6) is also applicable to elliptical cylinders for the case where
either the semimajor or semiminor axis of the cylinder lies
along the propagation direction as in Fig. 5 of Ref. 1. The R
in the denominator of Eq. (6) cancels an R factor so that
F,/L does not depend on the value of the reference radius R
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as in the standing wave case. A similar generalization to
elliptical cylinders applies to Mitri’s analysis3 of the radia-
tion force in quasi-stationary waves. It is, of course, first
necessary to evaluate the partial wave coefficients a, for the
corresponding elliptical cylinders traveling wave problern.6

IV. VISCOUS CORRECTIONS FOR CYLINDERS IN
STANDING WAVES

Haydock19 has recently presented extensions of Wu et
al.’ for the radiation force on small moveable and fixed rigid
cylinders in standing waves in inviscid fluids. Haydock’s for-
mulation includes a quadrupole (n=2) term in the scattered
field and is based on an extension of King’s near-field
method.”® The expressions for the force are not in a form that
can be easily compared with Eq. (1). HaydockZI also com-
puted (with a lattice-Boltzmann simulation) the time-
averaged force on small cylinders in standing wave in a vis-
cous fluid. Those computations of the force on small fixed
rigid cylinders generally support the conjecture in Ref. 1 that
viscous corrections for cylinders will be small when the os-
cillating viscous boundary layer thickness is much less than
the cylinder radius. As explained by Haydock,21 however, the
implementation of the lattice-Boltzmann simulation did not
allow for a detailed test of the thin-layer limit.
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wave propagation in layered anisotropic media
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This paper presents the recursive algorithm of stiffness matrix method with improved efficiency for
computing the total and surface stiffness matrices for a general multilayered anisotropic media.
Based on the eigensolutions commonly available for analysis of such media, the recursive algorithm
deals with eigen-submatrices directly and bypasses all intermediate layer stiffness submatrices. The
improved algorithm obviates the need to compute certain inverse of the original scheme and makes
the stiffness matrix recursion more robust. In situation where transfer matrix is numerically stable
and easily accessible, an improved recursive algorithm is also given directly in terms of transfer

submatrices without involving their explicit
America. [DOI: 10.1121/1.2118287]

PACS number(s): 43.20.Bi, 43.20.Fn, 43.20.Gp [TDM]

I. INTRODUCTION

Elastic wave propagation in layered anisotropic media
has been a topic of considerable interest for many years. One
of the celebrated techniques for analysis of such media is
based on the transfer matrix method."? This method has been
known to suffer from the inherent numerical instabilities,3
particularly when the layer thickness becomes large and/or
the frequency is high. There have been various techniques
proposed to overcome the numerical problem. Some of the
popular ones include the direct global matrix approach“f6
and the reflection or scattering matrix method.” ™!

Recently, an alternative approach called the stiffness ma-
trix method,'>™'> has been proposed to resolve the numerical
instability of transfer matrix method. In this method, the
layer stiffness matrix is calculated for each layer which is
then applied in a recursive algorithm to determine the total
stiffness matrix for a stack of multilayers. The method has
been demonstrated to be efficient and computationally stable
for large layer thickness and high frequency. Since the stiff-
ness matrix operates with total stresses and displacements, it
preserves the convenience of transfer matrix for incorporat-
ing imperfect interface between two layers. Furthermore, the
modal solutions for different boundary value problems can
be easily addressed through the total stiffness matrix. For
problems where not all submatrices of the stiffness matrix
are needed, e.g., for a layered half space, a partial algorithm
of surface stiffness or impedance matrix method'®™"® can be
utilized. This method reduces the dimension of matrices and
the number of operations at each recursion, therefore it gives
rise to higher computation speed.

In this paper, a more efficient recursive algorithm of
stiffness matrix method is presented for computing both total
and surface stiffness matrices for a general multilayered an-
isotropic media. Based on the eigensolutions commonly
available for analysis of such media, the recursive algorithm
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deals with eigen-submatrices directly and bypasses all inter-
mediate layer stiffness submatrices. In situation where trans-
fer matrix is numerically stable and easily accessible, an im-
proved recursive algorithm is also given directly in terms of
transfer submatrices.

Il. STIFFNESS MATRIX METHOD WITH IMPROVED
EFFICIENCY

A. Improved algorithm for total stiffness matrix based
on eigensolutions

Consider a planar multilayered structure comprising ar-
bitrarily anisotropic media stratified in Z direction. Let the
fields in each layer f be described by a 6 X1 field vector f;
formed by the elements of displacement vector u, and nor-
mal stress vector oy, i.e., f;=[u;; o(]. Assuming plane har-
monic wave with e time dependence, each field vector
satisfies a first-order 6 X 6 matrix differential system as

d .
aobr= oA (1)

where the elements of A are functions of transverse slow-
ness, mass density, and stiffness constants of layer f. Equa-
tion (1) admits solutions in terms of the superposition of
eigenwaves:

fz) =W P2)cs. (2)

Here, W, is a 6 X 6 eigenwave matrix comprising the eigen-
Vectors 1,0(’ 6(Z) is a diagonal matrix whose elements are
p; pV(2)= exp(zk )2) ( k ) being the jth wave number), and ¢
isa6Xx1 coefflclent vector containing the unknown con-
stants to be determined. Henceforth, it will be assumed
that the wave numbers for j=1,2,3 and j=4,5,6 along
with their associated eigenwaves correspond to the
upward-bounded and downward-bounded waves, respec-
tively. Under such boundedness association, the matrices
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(and vector) in Eq. (2) can be decomposed into 3 X3 (and
3 X 1) partitions as

‘I'f=[“f> “i] 3)
oy Oy

|Pf@ 0
Pf(z)—[ 0o P (Z)]. (4)

To keep our notations in coherence with the field vector, we
have used the superscripts “>" and “<” to stand for “upward-
bounded” and “downward-bounded” decomposition, respec-
tively. 0 is the 3 X 3 null matrix.

With the eigensolutions available for each layer, the
stiffness matrix method proceeds first by defining the layer
stiffness matrix for layer f of thickness &, as"

11 12
K.= Kf K Eo-(Eu) 1 (5)
= K;l K%z FES
<p<
EC= l o orPrh) ] (©6)
2 AU R
u ui uPr(=hy)
E;= >p>(h < . (7)
u; Py (hy) uy

The layer stiffness matrix relates the stresses to displace-
ments at both interfaces of the layer. For a stack of multilay-

12
[K -Ki K(f):|_KK_{K(f—1) 0 M
21 22 | T HIR2T 21 22
K(f) KQ«) Kf Kf

Using Eq. (5), the matrix #; can be split and factor out to
give

K2, 0 00
K1=H ‘(f)' 0]E}‘+L} I}E}’}(E}‘)“. (14)

For the matrix k,, it is transformed via partitioned inverse
formula into

12 2
[KU) Kiry K } _l K puy K urPr(- hf)] [
Ky  Ki | LoyPrhy) o5
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(K} - K2 'K

ers, the total stiffness matrix which relates the stresses to
displacements at the top and bottom surfaces is obtained via
a recursive algorithm:

Koo K(f K(f .

"7 | g2 g2 |’ (8)
»n Kp

K= Ky + Kt [Kj' - K 1K), 9)

K=~ K (K - K32 'K, (10)

K7 = KPK} - K2 ) 'K, (11)

K} =K?-KJ'[K}' -K{7 )] 'K} (12)

Here, K denotes the total stiffness matrix for the bottom f
layers, while K,y denotes that for the bottom f—1 layers.
The recursion starts from the first bottom layer and
progresses upward involving all intervening layer stiffness
matrices one at a time.

To devise a more efficient recursive scheme, we rewrite
Eqgs. (9)—(12) in terms of the product of two matrices ; and
K, defined as

[K“ K2 ]1K12
1) ! (13)

I

K}l K(f D K}Z -1 K21_1) 0
e, = . (15)
0 I 0 I

Incorporating the inverse (E}‘-)‘1 from Eq. (14) into Eq. (15)
and carrying out the matrix products, we finally obtain

-1
-K{f oy [oF - K& jusIPr (- hf):| {K(f ) 0}
u; Pf (hy) uf 0 I

(16)
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Equation (16) constitutes the recursive algorithm of
stiffness matrix method with improved efficiency. It is evi-
dent that the recursion step deals with eigen-submatrices di-
rectly and bypasses all intermediate layer stiffness submatri-
ces. The algorithm thus obviates the need to compute the
inverse [K}I—Kéz-_l)]‘l of the original stiffness matrix
method, and no explicit inverse (E}')‘1 of the layer stiffness
matrix is required. Besides improvement in efficiency, the
exclusion of layer stiffness matrix circumvents the numerical
difficulty when E}‘ becomes singular, e.g., when hf—> 0. This
makes the stiffness matrix recursive algorithm in Eq. (16)
more robust than that in Eq. (5) and Egs. (9)-(12). Equation
(16) can be solved directly as a linear system of equations,
which are to be simplified further for the case when only
partial solution is required as in the following.

B. Improved algorithm for surface stiffness matrix
based on eigensolutions

Considering the improved version of stiffness matrix
method for K%fz) (extracted in the following for convenience):

Kij =07 P; (hy) o7 ]
o —Kiyuy Loy — K ur Py (= hy) ]_[0}
u;Pf>(hf) uf< 1]
(17)

there is still one 6 X 6 inversion needed. Prior to its subse-
quent simplification, the form of Eq. (17) invites comparison
with the efficient scheme of scattering matrix method,
particularly o

R =[P/ (k) 0]
—u U R +ug, ]_1[“_71’7(‘ hy) 1
oFPr(=hy) |
(18)

X
> <
- O'f> O-f—lR(f—l) + (rf—l

Ry is the reflection coefficient matrix describing the inter-
actions between layer f and below, while R is that de-
scribing the interactions between layer f—1 and below. It can
be seen that the matrix structures of Eqs. (17) and (18) bear
much resemblance to each other. They both deal with eigen-
submatrices directly in their recursion without introducing
auxiliary intermediate notations. Thus they feature the same
conciseness and high efficiency within their own realm of
stiffness and scattering matrix methods, respectively.

By applying the partitioned inverse formula to Eq. (17),
one can cast the equation into

Kffz») = [O'f< + (T;R(f)][ll; + U;R(f)]_l, (19)
Riy == P7 (h)loy ~ K7 ey - Kiz ur]
XPJ (= hy). (20)

Here, in place of the single 6 X 6 inverse, we have two sim-
pler 3 X3 inverses for each recursion. Hence the surface
stiffness matrix method dictated by Egs. (19) and (20) has
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resulted in even more improvement in efficiency over the
original method of Egs. (5) and (12).

C. Improved algorithms based on transfer matrix

The above-described efficiency improvements have been
based on the eigensolutions commonly available for analysis
of general multilayered anisotropic media. In this section, we
consider the enhancement of stiffness matrix method when
the transfer matrix solution of Eq. (1) is numerically stable
and easily accessible. Denoting the transfer matrix of layer f
by

T
T,= T;l T?2 , (21)

the original stiffness matrix method first converts the transfer
matrix into layer stiffness matrix via"

_ (T}2)_1T}»l (T}Z)—l

K, = . (22)
f |:T12¢1—T]%2(T}2)_1T}1 Tj%z(T}z)‘l

These submatrices are then substituted into the recursive al-
gorithm (9)—(12) to obtain the total stiffness matrix as be-
fore.

By performing some manipulations as in the previous
sections, an improved stiffness matrix recursive scheme can
be developed with the algorithm given directly in terms of
transfer submatrices as

K=K, -K{TPK{. ). (23)
K =Kl T) + TG (24)
K = [T KET/IKL . 23)
K= [T + TPK T + TPKE )1 (26)

Compared with Eq. (22) and Egs. (9)-(12), Egs. (23)—(26)
have saved up one multiplication and one inversion of 3
X 3 matrix for the total stiffness matrix. For the surface stiff-
ness matrix method pertaining to Eq. (26) only,19 it allows
more savings and achieves higher efficiency compared with
the original method in Egs. (22) and (12). Furthermore, the
elimination of explicit inverse (T}z)‘1 extends the applica-
bility of the recursion equation even when the inverse
does not exist, e.g., when T, is an identity matrix. This
also makes the improved algorithm more robust apart
from being more efficient.

D. Comparison of algorithms

For more detailed assessment and comparison of various
improved algorithms above, we have acquired their floating
point operations (flops) count using MATLAB®. The flops
counting method is based on the following rules: additions or
subtractions of complex numbers are two flops, multiplica-
tions or divisions of complex numbers are six flops, linear
system of equations is solved using Gaussian elimination.
Based on the relative flops count, Table I lists the gain in
efficiency for each recursion of algorithm when given the
eigensolutions W (and P;) or the transfer matrix solution T,
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TABLE I. Comparison of algorithms.

Efficiency gain

with respect to Condition
No. Algorithm la or 2a as hy—0
(5) (9)-(12) i
la v, K, K, 1 (reference) Singular
b (16) 1.18 Stable
Jr f— Km
le 6] (12) ” 1.28 Singular
L7 — Kf—> K(f)
1d (19)-(20) " 2.50 Stable
W, — K
- 22) (9)-(12) 1 (reference) Singular
Tj—— K,—— K
b (23)-(26) 1.76 Stable
T f—) K(/)
2% (22) (12) ” 1.63 Singular
Tf—— K,—— K
2 (26) » 3.57 Stable
T, —— K

as input (for algorithms 1 or 2). The input will include as
well the stack stiffness (sub)matrix K., or Kffz_l) for the
total or surface stiffness matrix method (dictated by algo-
rithms a, b or ¢, d), respectively. Each algorithm then takes
its input for computing the new stack stiffness (sub)matrix
Ky or K%fz) directly or indirectly via the layer stiffness matrix
K. The efficiency gain has been estimated with reference to
the original algorithm of Ref. 13, i.e., with respect to algo-
rithm 1la or 2a for algorithms 1b—1d or 2b-2d, respectively.

From Table I, one can see that for the total stiffness
matrix method, the improved algorithms 1b and 2b are 18%
and 76% more efficient than the original algorithms la and
2a, respectively. For the surface stiffness matrix method that
is sufficient in many problems of interest, the efficiency is
higher by 28% and 63% using algorithms 1c and 2c, respec-
tively, when compared to the original total stiffness matrix
method. Even higher gains in efficiency can be achieved by
resorting to the improved algorithms 1d and 2d, which lead
to 2.5 and 3.6 times more efficient than the original algo-
rithms la and 2a, respectively. Recall that the efficiency im-
provements described here are meant for each recursion per
layer. Overall one will gain substantial savings in the total
computation time when there are many layers and many cal-
culations for different parameters to be dealt with. As an
additional advantage of the improved algorithms 1b, 1d, 2b,
and 2d, each recursion of these algorithms remains stable
unlike the rest involving layer stiffness matrix that will ap-
proach being singular when the layer thickness shrinks to
Zer10.

lll. CONCLUSION

This paper has presented a more efficient recursive al-
gorithm of stiffness matrix method for computing both total
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and surface stiffness matrices for a general multilayered an-
isotropic media. Based on the eigensolutions commonly
available for analysis of such media, the recursive algorithm
deals with eigen-submatrices directly and bypasses all inter-
mediate layer stiffness submatrices. The improved algorithm
obviates the need to compute certain inverse of the original
scheme and makes the stiffness matrix recursion more ro-
bust. In the situation where transfer matrix is numerically
stable and easily accessible, an improved recursive algorithm
is also given directly in terms of transfer submatrices without
involving their explicit inverse. The above-presented im-
proved algorithms can be extended to more complex materi-
als including piezoelectric media.
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A sperm whale (Physeter macrocephalus) was observed at the surface with above- and underwater
video and synchronized underwater sound recordings. During seven instances the whale ventilated
its lungs while clicking. From this observation it is inferred that click production is achieved by
pressurizing air in the right nasal passage, pneumatically disconnected from the lungs and the left
nasal passage, and that air flows anterior through the phonic lips into the distal air sac. The
capability of breathing and clicking at the same time is unique among studied odontocetes and
relates to the extreme asymmetry of the sperm whale sound-producing forehead. © 2005 Acoustical

Society of America. [DOI: 10.1121/1.2126930]
PACS number(s): 43.80.Ka [WA]

I. INTRODUCTION

The sperm whale (Physeter macrocephalus), the largest
of the toothed whales, emits click sounds for echolocation
(Mghl et al., 2003a) and communication (Weilgart and
Whitehead, 1993). During deep foraging dives, they emit
so-called usual clicks with properties suited for long-range
echolocation of mesopelagic fish and squid (Madsen er al.,
2002a; Mghl er al., 2003a). When closing on prey they
switch to creaks (Miller et al., 2004) consisting of clicks
repeated with much shorter intervals of about 20 ms (Mad-
sen et al., 2002a). For communication, sperm whales pro-
duce so-called codas, which are repetitive patterns of clicks
(Watkins and Schevill, 1977) and other clicklike reverberant
sounds known as “slow clicks,” most commonly or exclu-
sively heard from male sperm whales (Madsen et al., 2002a).

Even though recent work has expanded the knowledge
on the click properties and acoustic behavior of sperm
whales, we still lack detailed knowledge on the sound-
production mechanism and abilities of this species. The par-
ticular problem studied here is in which manner air is used to
drive the sound-production system.

The nasal complex of the sperm whale is nature’s largest
sound generator. It consists of a set of wax-filled cavities, the
largest being the spermaceti organ (Raven and Gregory,
1933). Below the spermaceti organ is the junk, consisting of
wax-filled cavities interspaced by connective tissue. Two na-
sal passages extend through the nose from the separated
bony nares to the blow hole on the left side of the tip of the
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nose (Fig. 1). Two air sacs divert from the right nasal pas-
sage, one at the front (the distal sac) and one at the posterior
end of the spermaceti organ (the frontal sac). The anterior
portion of the right nasal passage is surrounded by two lips
of connective tissue called the monkey lips (Pouchet and
Beauregard, 1885). This is the site of the initial sound pro-
duction event (Madsen et al., 2003). From anatomical obser-
vations (Norris and Harvey, 1972) it has been surmised that
this initial event is created by pressurized air flowing through
the monkey lips while opening slightly during a short instant
of time (Cranford, 1999). This hypothesis is consistent with
results from numerical modeling (Dubrovsky et al., 2004)
and acoustic recordings (Wahlberg, 2002). According to
Mghl et al.’s (2003a) bent-horn model only a tiny fraction of
the sound energy of a usual click is leaking out of the animal
anteriorly (the p0O pulse in Fig. 1). The majority of the energy
is channelled rearwards into the spermaceti organ, reflected
at the frontal air sac and exits the whale through the junk.
This is the pl pulse (Fig. 1). Some stray energy is re-
reflected at the distal air sac, makes another round through
the spermaceti organ, and is detected in far-field recordings
as p2 (Fig. 1). This process is repeated and gives rise to
subsequent pulses of decreasing amplitude but fixed inter-
vals, giving the sperm whale click its unique multi-pulsed
structure (Backus and Schevill, 1966; Mghl, 2001; Mghl et
al., 2003b; Norris and Harvey, 1972). The pl pulse is the

© 2005 Acoustical Society of America
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FIG. 1. Left: Sperm whale click, with the pulses labelled pO, pl, p2, p3.
Right: The anatomy of the sperm whale head and suggested path of the p0
and pl pulses. B=brain, Bn=bony naris, Bl=blowhole, Di=distal air sac,
Fr=frontal air sac, Ju=junk, Ln=Ieft naris, Ma=mandible, Mo=monkey
muzzle, MXN=maxillo-nasalis muscle layer, MXL=maxillo-labialis muscle
layer, Pt=pteropharynegel muscles, Rn=right naris, Ro=rostrum, So
=spermaceti sac, and V=valve at the entrance of the bony naris. Modified
after Madsen et al. (2002b) and Mghl er al. (2003a), with permission from
the Journal of Experimental Biology and the Journal of the Acoustical So-
ciety of America.

most powerful transient sound produced in the animal king-
dom and is at least as directional as dolphin clicks (Mghl er
al., 2003a; Zimmer et al., 2005).

Even though the sound production system of the sperm
whale is homologus to that of smaller toothed whales (Cran-
ford et al., 1996) there are some important differences in the
anatomy and thereby possibly in the pneumatic operation of
the two systems. In dolphins both pairs of monkey lips open
dorsally into a set of of vestibular sacs connected to the blow
hole for which reason the air for lung ventilation must pass
through the sound generating structures (Dormer, 1979). This
is different from the sperm whale, where only one set of
monkey lips is found in conjunction with the right nasal
passage. The left nasal passage bypasses the sound generator
mechanism connecting the blow hole and the lungs (Fig. 1).

Previously, sperm whale sound production has been
studied using anatomy (Norris and Harvey, 1972; Cranford er
al., 1996; Cranford and Amundin, 2004), hydrophones at-
tached to a captive specimen (Madsen et al., 2003), record-
ings of sound projected into recently dead specimens (Mghl,
2001; Mghl et al., 2003b), hydrophones deployed from boats
(Gordon, 1991; Goold, 1999; Mghl et al., 2003a; Thode et
al., 2002; Zimmer et al., 2003), and acoustic tags attached to
the whale (Madsen et al., 2002b; Zimmer et al., 2005).

The data presented here complement the above-
mentioned techniques through combined visual and acoustic
observations of a clicking sperm whale close to the surface.
The whale emitted series of rapid clicks similar to the creak-
type vocalization described above. Usually such sounds are
heard when the whale is at great depths (Miller et al., 2004).
However, we have also recorded rapid clicks when sperm
whales explore nearby vessels. Here we combine visual and
acoustical observations to study concomitant clicking and
ventilation in a sperm whale and discuss the implications for
air-driven sound production.

Il. MATERIAL AND METHODS

Field work was made from a 16-m-long motor vessel as
a part of the long-term “Greek Sperm Whale Program” of
Pelagos Cetacean Research Institute (Frantzis er al., 2003).
Data were gathered on July 25 and August 3, 2000 off South-
West Crete (Mediterranean Sea) during two encounters with
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a previously photo-identified sperm whale. The whale was a
9.7 m long male, length estimated from coda click interpulse
intervals (Gordon, 1991) and sex determined through genetic
analysis of sloughed skin. On July 25 the sperm whale was
observed by a free-swimming diver using an underwater
handheld mini-DV video camera (Sony DCR-TRV900E)
with a digital stereo sound track, sampled with 12 bits at
32 kHz. The stereo microphone of the video camera was
inside an Ikelite water-proof housing. Although the auto-
matic gain control (AGC) is of unknown nature, analysis of
the recorded noise indicated that its effect was negligible on
the analysis presented here (assuming that any self-induced
noise from the recording system would have been affected
by the AGC). During the recordings the range between the
diver and the whale was estimated to be 1-15 m and record-
ings were made in aspects to the whale ranging from ap-
proximately head-on to rearwards.

Simultaneous in-air filming was made from a distance of
10-30 m to the whale with a Sony Hi-8 hand-held video
camera on the research vessel. The in-air video recordings
were synchronized to underwater sound and video recordings
to the closest video frame (1/25 of a second), i.e., with a
resolution around 40 ms. This was possible through identify-
ing the starting point of human vocalizations (diver) audible
in both the in-air and underwater video. The acoustic travel
time from the diver to the in-air video camera may have
caused an additional delay in the in-air video recording of up
to 100 ms relative to the underwater video recording. On
August 3 the same individual sperm whale was recorded at a
distance of 5—-20 m from the vessel with the mini-DV video
camera held above water. During this encounter sounds were
recorded with a towed two-hydrohone array (Benthos AQ-4
elements, each with separate, 30 dB gain preamplifiers; fre-
quency response: flat within 2 dB between 0.1 and 15 kHz)
connected to a DAT recorder (Sony TCD-DS8, 16 bits,
48 kHz sampling frequency). The array was left to sink into
a nearly vertical orientation 100 m below the stern of the
drifting vessel. The array recordings were synchronized to
the in-air video recordings through connecting the signal
from the array to the video camera a few minutes after the
observations analyzed here were recorded. During this re-
cording, the synchronization error was less than 110 ms, re-
sulting from the video frame interval (40 ms) and the delay
between the video and acoustic recordings (up to 70 ms) due
to the travel time of sound from the whale to the array.

Twelve video sequences where the whale was close to
the observer were selected for analysis. Sound and video
recordings were digitally transferred to a computer. Clicks
were extracted and their amplitude and interclick intervals
were measured using Cool Edit Pro ver. 2 (Syntrillium, Inc.)
and routines written with Matlab 6.2 (MathWorks, Inc.).

No other whales were observed by lookouts or detected
acoustically. In addition to this, the correlation between the
movements of the whale (e.g., reduction in click intensity as
the whale emerged from the water with the nose; see below)
made us confident that the whale we observed on the video
was the same as the one we recorded with the hydrophone.
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FIG. 2. Interclick intervals of clicks recorded right before until right after
seven breaths (labelled B1-B7) made by a sperm whale. Breaths occur at the
x value of O for each sequence.

lll. RESULTS AND DISCUSSION

Instances of the whale ventilating were observed from
the surface video recordings, shown by moist air being emit-
ted from the blow hole. During seven such events the whale
was clicking during lung ventilation. The few sudden excur-
sions observed in the interclick intervals (ranging from
31 to 490 ms, Fig. 2) appeared to be independent of the
breathing events. During ventilation of the lungs the blow
hole is open and connects the left nasal passage and the lungs
to the atmosphere (Raven and Gregory, 1933; Norris and
Harvey, 1972; Schenkkan and Purves, 1973). There is no
sphincter structure between the left nasal passage and the
distal air sac (Fig. 3). Therefore it is not possible to build up
pressure on the anterior side of the monkey lips while breath-
ing. Air must be pressurized in the right nasal passage and
flow anteriorly through the phonic lips into the frontal sac.
This is consistent with the inferences made from anatomical
observations by Norris and Harvey (1972) and analogous to
the direction of airflow in other toothed whales (Cranford et
al., 1996).

Even though the sound generator system of sperm
whales is homologous to that of other toothed whales (Cran-
ford et al., 1996) the observations made here indicate that the
mechanism behind the air pressure build up for actuating the
pneumatically driven sound generator might be quite differ-
ent. In dolphins, click sound production is initiated by keep-
ing the muscular sphincter around the epiglottal spout of the
larynx closed and then pressurizing the bony nares by con-
traction of the palatopharyngeal and anteriorinternus muscles
(Ridgway et al., 1980; Cranford et al., 1996). The pressur-
ized air is metered past the two pairs of monkey lips [the

FIG. 3. Dissection of an adult male sperm whale showing the passage be-
tween the blowhole (Bl) and the monkey lips (Mo) through the distal air sac.
P denotes posterior direction, D denotes dorsal direction.
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right pair being homologous to the monkey lips of sperm
whales (Cranford et al., 1996)]. The internareal pressures in
the two nasal passages rise and fall together during click
production (Ridgway et al., 1980; Amundin and Andersen,
1983). Thus the contracting palatopharyngeal and anteriorin-
ternus muscles act on both nasal passages and dolphins are
therefore not able to click and breathe simultaneously. How-
ever, sometimes during click production the two phonic lips
can be actuated independently from each other (Cranford et
al., 2000), demonstrating some degree of separation in the
control of sound production between the left and the right
side.

The fact that the sperm whale can click and ventilate its
lungs simultaneously shows that the right nasal passage can
be pressurized independently of the left nasal passage which
is connected to the lungs. This can either be achieved (1) if
the open epiglottis inserts into the left bony naris during
ventilation while the pterygopharyngeus muscle pressurizes
the cavity beneath the bony nares and thereby the right nasal
passage or (2) by closing the ventro-posterior entrance to the
right naris disconnecting the right nasal passage from the
ventilation pathway made up by the trachea, the open epig-
lottis, and the left nasal passage. The latter scenario is sup-
ported by the existence of a sphincter at the right bony naris
(Raven and Gregory, 1933; Norris and Harvey, 1972; Schen-
kkan and Purves, 1973) The air pressure necessary for click
production may in that case result from contracting the
muscles below and above the right nasal passage [described
in Schenkkan and Purves (1973) and Clark (1978)] through-
out its course towards the monkey lips. The latter scenario
will, however, be fundamentally different from the way air
pressure for sound production is generated in other toothed
whales (Ridgway et al., 1980), whereby homologous struc-
tures would not serve homologous functions of actuating the
sound generator among clicking toothed whales. These two
conjectures remain to be tested.

When diving to great depths, the air available for sound
production is seriously restricted (Madsen et al., 2002b,
Wahlberg, 2002). Recycling may be accomplished by open-
ing the monkey lips and moving the air backwards into the
right nasal passage through the action of the maxillonasalis
and maxillolabialis muscles as well as additional muscles
above and below the right nasal passage (Schenkkan and
Purves, 1973; Clark, 1978; Madsen, 2002).

In the observations presented here, the peak-to-peak
sound level of the clicks dropped with up to 28 dB when the
whale partially raised its head out of the water surface (either
to breathe or not), sometimes emerging the whole anterior
area leading in to the junk. This is probably a minimum
estimate, as the measurements were restricted by the low
recording band width, dynamic range, and possibly also by
the automatic gain control mechanism of the camera. These
measurements are contradictory to Watkins and Daher’s
(2004) observation of a whale lifting its head completely out
of the water without affecting the level nor the frequency
content of the clicks.

In one of the surface video sequences analyzed here
small drops of water jumped out from the emerged blowhole
while the whale was clicking rapidly. This may be caused by
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vibrations of the nose associated with sound production.
Very powerful accelerations at the front of a sperm whale
nose were observed by a diver in an earlier study (Norris and
Mpghl, 1983).

These observations were made on a single individual
observed during two independent observations. Ad libitum
observations that we made on another individual, unfortu-
nately without recording it, indicates that breathing while
clicking is not a unique behavior of the recorded individual,
nor does it seems to be a rare phenomenon.

Future work will benefit from methods telling the dis-
tance and bearing to the whale, as well as from using a
calibrated sound recording system sensitive in the entire fre-
quency range of sperm whale vocalizations. With this infor-
mation the sound production of sperm whales could be even
further investigated, including variations in source level and
frequency content with the direction to the whale. The syn-
chronized observations of video and audio hold promise to
contribute to the understanding of possible fine-scale
changes in the nasal system during sound production not
observable with other methods, e.g., to understand how the
nose may become slightly deformed while producing differ-
ent types of clicks.
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The acoustical Wave Propagator (AWP) scheme involves an effective time-domain calculation of
sound propagation using the combination of Chebyshev polynomial expansion and the Fourier
pseudospectral method. The accuracy of this scheme degrades when the media has discontinuities
due to the well-known Gibbs phenomenon. In this paper, several issues concerning AWP
are addressed, including an analysis of the effect of Gibbs phenomenon on the accuracy.
A mapped pseudospectral method is proposed wherein the grid points are redistributed, with
the emphasis across the media discontinuities by a pre-determined smooth mapping curve,
then the spatial derivatives are calculated through a modified Fourier pseudospectral method.
Using this method, the influence of the Gibbs phenomenon is effectively alleviated while
the computational efficiency of AWP is still maintained. The superiority of this improved
AWP scheme is illustrated by three one-dimensional (1-D) numerical examples. © 2005 Acoustical

Society of America. [DOI: 10.1121/1.2114627]
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I. INTRODUCTION

Over the last decade, the time-domain solution of acous-
tical wave propagation in inhomogeneous media, especially
in media with discontinuities, has attracted attention of many
researchers.'® Most of the approachesl_5 are based on the
finite difference time-domain (FDTD) scheme due to its sim-
plicity and versatility. Because the FDTD method has the
disadvantage of the relatively large linear dispersion error
that accumulates rapidly with time,” much higher grid den-
sity than that specified by the Nyquist limit (which is two
nodes per minimum wavelength) is needed for an accurate
result. The pseudospectral time-domain (PSTD) method® can
achieve an exact spatial representation of wave equations
with smoothly spatial-varying coefficients using the grid
density of Nyquist limit, but they still use the conventional
difference approaches (for example, Leap-frog method) to
march the solution in time. Therefore, the dispersion error is
still hard to be avoided and the overall accuracy is influenced
strongly by the relatively poor approximation of the time
derivative. The k-space method, which was first proposed by
Bojarskilo’11 and newly developed in Refs. 7 and 8, uses a
wave number—time space iteration scheme derived from the
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nonstandard finite difference model'* to launch the time in-
tegration. It provides superior stability and accuracy over the
normal FDTD and PSTD methods. The acoustical wave
propagator (AWP)" scheme, which makes use of Chebyshev
polynomial expansion, is another way to improve the time
integration accuracy. Our first aim in this paper is to examine
the accuracy of the AWP in the context of wave propagation
in discontinuous media.

The idea of implementing Chebyshev polynomial ex-
pansion in calculating time integration was first proposed for
solving the time-dependent Schrodinger equation.14 In Ref.
15, this scheme was extended to solving linear, periodic, hy-
perbolic problems, then in Ref. 16 for seismic forward mod-
eling. A rapid expansion method (REM) twice as efficient as
that of Ref. 16 was proposed in Ref. 17, in which only even-
order Chebyshev polynomials are needed. Recently, such a
time integration strategy was also implemented in the elec-
tromagnetic field.""” The AWP method" was introduced to
investigate the time-domain evolution of acoustical waves.
One of the merits of AWP is that the traditional boundary
conditions for acoustical wave propagation are described in
terms of the change of material or wave propagation proper-
ties of the media explicitly in the propagator matrix. There-
fore, it forms a highly efficient calculation technique for re-
search on the propagation in

time-domain wave
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inhomogeneous media and the advantages over the normal
FDTD methods have been addressed in Refs. 13 and 20.

Unfortunately, for acoustical wave propagation in dis-
continuous media, the derivatives of the sound pressure and
particle velocity are discontinuous across the media inter-
faces, giving rise to degradation of the accuracy of the pseu-
dospectral method caused by Gibbs phenomenon.m’22 A
smooth technique is recommended in Ref. 13 to alleviate the
problem caused by the discontinuities, and a similar tech-
nique is also used in Refs. 7 and 8, but we note that the
physical nature of the interfaces at the media discontinuities
is changed by such a smooth process. There is a post-
processing method” that increases the accuracy of the pseu-
dospectral method when discontinuity exists through a Ge-
genbauer reconstruction procedure (GRP).24’25 However, the
computation burden of the method is quite heavy, and, more
importantly, the choice of the reconstruction parameters is
highly dependent on the specific features of the discontinu-
ous function. Therefore this method is not suitable for the
solution of the general time evolution problem.

A practical method to alleviate the influence of the
Gibbs phenomenon on the accuracy of spatial derivative cal-
culation is to increase the grid density of the whole compu-
tational domain, but this will greatly increase both the
memory and the computation burden. Alternatively, a vari-
able grid density pseudospectral method®?® has been pro-
posed in which higher resolution is achieved across the in-
terfaces of media discontinuities. By making use of the
nonuniform fast Fourier transform (NUFFT) algorithm,27’28
this method alleviates the influence of Gibbs phenomenon
without high demands of the number of the grid points.
However, the efficiency and the accuracy of the pseudospec-
tral method will degrade due to the interpolation processes
needed by NUFFT. A rather simplified and efficient tech-
nique of using a mapping method to obtain spatial deriva-
tives appeared in Ref. 29 and 30 established a general pro-
cedure to construct mapping curves. A drawback of the
procedure is found in the choice of initial grid points, al-
though some rules in deciding the positions of grid points
were proposed.

As the second aim of this paper, we launch the mapping
method by designing the mapping curve directly and circum-
vent the difficulty of the choice of initial grid points. Using
the pseudospectral method with a proper mapping curve, the
mapped pseudospectral method is established and the spatial
derivatives can be obtained efficiently through projecting the
uniformly spaced grid points onto the nonuniform shape that
concentrates more across the media interfaces. Combining
the mapped pseudospectral method with Chebyshev polyno-
mial expansion time integration method, an improved AWP
scheme is obtained resulting in a more accurate solution for
acoustical wave propagation in discontinuous media.

It should be noted that there are some limitations of the
scheme proposed in this paper when it is extended to multi-
dimensional applications. First of all, unlike the PSTD
method® and the k-space method,7’8 the form of AWP scheme
makes it not easy to include currently the most successful
absorbing boundary condition, the Perfectly Matched Layer
(PML), which was originated from Ref. 31 and developed by
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many researchers thereafter. On the other hand, although the
extension of AWP to multidimensional applications is
straightforward,32 many different mapping curves are needed
when there are scattering objects with arbitrary shapes in the
computation area. This will lead to the increase of the com-
putation and storage burden. In the recent development of
the multidomain PSTD method,33’34 the computational do-
main is divided into several subdomains, conforming to the
problem geometry in order to accurately model curved ob-
jects, and the solutions across subdomains are reconciled by
using patching conditions derived in accordance with the
physics of the problem to determine the global solution.
Such an idea might also be useful to the extension of the
scheme proposed in this paper. The detailed analysis con-
cerning these problems is still ongoing and will be given in
another paper.

The outline of the paper is as follows. In Sec. I, a brief
review of AWP is given and some issues concerning this
scheme are addressed. In Sec. III we analyze the influence of
the discontinuous coefficients in the Euler’s field equations
on the accuracy of the pseudospectral method. Also, the idea
of mapped pseudospectral method and the design of the map-
ping curves are described in Sec. III. In Sec. IV we show the
superiority of the improved AWP method using some nu-
merical examples. Conclusions are drawn in Sec. V.

Il. SOME COMMENTS ON AWP

A. The validity of the Chebyshev polynomial
expansion

Defining
1%
0 CZ_
p(x,1) N P ox
D(x,1) = H= ,
v(x,1) 14
— 0
p ox

in which p and v are the sound pressure and the particle
velocity respectively, the one-dimensional acoustical wave
propagation is described as

i‘b(x,t) =—HD(x,1). (1)
ot

The solution of Eq. (1) is
D(x,1) = e =OHP(x, 1) (2)

If an N-grid-point Fourier pseudospectral method is applied
to calculate the spatial derivatives in the domain x; <x<x,,

and x,—x;=L, the spatial derivative operator H can be ex-
pressed in a discrete form as

0 pc’Dy
Hy=|1 , 3
v Iilp o (3)
p

where Dy is the Fourier differentiation matrix with N grid
points, as described in Ref. 15 and Ref. 22,
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f _ j+k (] - k) £> ;
Dy = L( 1y cotan( N jFk ’ @
0, j=k

where (j,k)=1,2,...,N. When N is even (actually N must
be even for the implementation of FFT in calculating the
spatial derivatives), Dy is a normal skew-symmetric matrix
with purely imaginary eigenvalues of 2i/L{-N/2+1,
-N/2+2,-1,0,1,...,N/2—1} among which 0 is a 2-fold
degenerate eigenvalue.22 It can be deduced that the eigenval-
ues of ﬁN are

21rci
A= T{—N/2+ 1,-N2+2,...,-1,0,1,...,N/2
-2,N2 -1}, (5)

among which 0 is a 4-fold degenerate eigenvalue while all
the other eigenvalues are 2-fold degenerate. Therefore the
maximum eigenvalue is obtained as

N = (N2 — 1) = TE _ 2TC_ TC (6)
mEEp T Ax L Ax’

for sufficiently large N.
Defining a diagonal matrix as

1
71]\] 0
B=|cVp ,
O \’zIN

where I represents a N X N identity matrix, it is easy to find
that Hy can be obtained by a similarity transformation as

H, =B 'H,\B, (7)

where B! represents the inverse of matrix B, and Hy
[0 cDN] . . .

=L.p, 0] is a normal symmetric matrix that possesses the

eigenvalues of (5) and a complete orthonormal set of

eigenvectors35 denoted as {X;}(k=1,2,...,2N).

The operator e~ can be transformed as
g—(t—ro)f{Nz eRﬁI,V= B—leRH]'vB’ (8)
where  R=—(t—10)Nmaw ~ Hi=Hy/\|maww and  Hj

=Hy/|\|nax- Note that Hy is also a normal matrix contain-
ing eigenvalues N =N/|\|,.x and eigenvectors {X.}(k
=1,2,...,2N), the multiplication of B and the initial vec-
tor of ®y(x,7,) can be expressed as BPy(x,70) =3t X,
therefore from Egs. (2) and (8), we obtain

2N
CDN(X,t) = B_IE hkeR)\IQXk, (9)
k=1

where \; denotes the eigenvalue corresponding to the eigen-
vector X;.

For an M-order polynomial approximation of an expo-
nential function, denoted as
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M
=~ GO=3 g, (10)
j=0

imposing a matrix form argument of &= RH, the state vector
of the wave propagation is expressed as

M

B(x,1) = GRH}) Dy(x,1g) = >, g, (RHYD(x,1)
j=0

M
=B (E gj(RHIIV)j)B(DN(xJO)

J=0

2N M
=8> hk(E gj(R)\I:)j)Xk
k=1 \j=0
2N

=B, i, G(R\))X,.
k=1

(11)

The estimation error is defined as

|9 (x, 1) = D(x, 1)
2N 2

B, [ — G(RN))IX,
k=1

Ey

|2

(12)

Note that B~! is a diagonal matrix and |X,/|=1. Using
Schwarz’s inequality yields

2N 2

Ey<|Wgi|P|| 2 X, 2, (13)
P

N
< 2NMWp- P2 |y
k=1

where Wpg-1 is the vector composed of the diagonal elements
of B! and aj=h[e®™—G(R\})]. Equation (13) means that
the upper bound of the error depends on the scalar polyno-
mial approximation of ef.

It has been found that Chebyshev polynomial expansion
is a near-optimal approximation to a function with argument
defined in [-1, 1],3 ® and it is a much better expansion than
the Taylor expansion,21 which is approximated to give sev-
eral conventional finite difference methods.*” We regard RN
as a function with respect to the argument i\;, which is in
[-1,1], then for a polynomial estimation with fixed order M
the Chebyshev polynomial expansion method will result in a
near-minimized estimation error for every term on the right-
hand side of Eq. (13). This explains that the high accuracy of
the AWP scheme is largely due to the selection of the Cheby-
shev polynomial expansion method to launch the time inte-
gration operation. It should be noted that when the acoustical
parameters p and ¢ are not constant in the computation do-
main, the estimation error of the wave propagation calcula-
tion result is not restricted by some scalar polynomial ap-
proximations, as depicted in Eq. (13). However, from our
numerical calculation experiences concerning AWP, as long
as the operator ﬁN does not show any extreme ill-condition
property, by a moderate regulation of the time step, the AWP
method is still superior over other conventional finite differ-
ence approaches.
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FIG. 1. Calculation of the first derivative of a C° func-
tion using a Fourier pseudospectral method with (a) the
original function, (b) the calculation with 256 grid
points, and (c) the calculation with 2048 grid points.
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B. Different realizations of the Chebyshev polynomial
expansion

The Chebyshev polynomial expansion of the acoustical

~(t-to)H

wave propagator e can be realized in two forms: one is

©

e M= N @ (R)T(H),
k=0

(14)

where a;(R)=2I(R), except for ay(R)=I,(R) with I,(-) rep-
resenting the kth-order modified Bessel function of the
first kind, and T(-) stands for the Chebyshev polynomials.
(Note that all the above notations are similar to those in
Ref. 13 with two modifications. First is the definition of
R, without the minus notation; the wave propagation di-
rection calculated by AWP will be opposite to the theo-
retical result. Second, the system operator should be nor-
malized by |\, instead of V\,,,y, as demonstrated in Sec.
IIA)
The alternative realization form to (14) is

=S B (RO (), (15)
k=0

where B.(R)=2J,(R), except for By(R)=Jy(R), with J,(-) rep-
resenting the kth-order Bessel function of the first kind,
and Q,(-) stands for the modified Chebyshev polynomials
with Qy(H')=1, Q;(H')=H’, and Qy.,(H')=2H'Q\(H’)
+0 (H').

Reference 38 gives comparisons between these two ex-
pansion forms and demonstrates that (15) is recommended
for the sake of numerical stability. Another interesting form
of Chebyshev expansion method was proposed in Ref. 17,
which is equivalent in efficiency to (15) unless the medium
density p is constant.
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lll. THE MAPPED PSEUDOSPECTRAL METHOD

A. The influence of discontinuous coefficients on the
pseudospectral methods

The pseudospectral methods have been developed since
the 1970s* using trigonometric functions or Chebyshev
polynomials to evaluate spatial derivatives. In an AWP
scheme, the Fourier pseudospectral method is used to calcu-
late the spatial derivative,

M
Pt = FHIOFD(x. )}, (16)
X

where F[-] and F~![-] represent the Fourier and inverse Fou-
rier transforms, respectively, k is the wave number, and ¢
denotes the order of the derivative.

The basic idea of the Fourier pseodospectral method is
to estimate the spatial derivatives in the spectral transform
domain on the grid (collocation) points, then approach the
real value of the derivatives by inverse transform. Its supe-
riority over the conventional difference methods has been
well addressed in many references and books.?"*** The ac-
curacy of this method depends largely on the smoothness of
the function with which we deal. Specifically, in the time
domain calculation of acoustical wave propagation, the spa-
tial smoothness of the sound pressure p and the particle ve-
locity v dramatically influence the accuracy of our solution.
For one-dimensional wave propagation in media with dis-
continuous acoustical parameters p and c, the derivatives of
p and v are not continuous (or in mathematical notation as
described as Ref. 3, p and ¢ are in CY% across the media
interfaces. Reference 22 analyzed the relation between the
function smoothness and the accuracy of the pseudospectral
method and indicated that for a C° function, the error of the
derivative calculated by the pseudospectral method will be
O(N47"). This can be clarified by a simple example. Take a
function as y=e3M(—r<x<); it can be easily seen that
this function is in C° at the position of x=0. The original
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FIG. 2. Calculation of the second derivative of a C°
function using a Fourier pseudospectral method with (a)
the original function, (b) the calculation with 256 grid
points, and (c) the calculation with 2048 grid points.
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function and the first derivative calculated with 256 grid
points and 2048 grid points are depicted in Fig. 1. Although
with the increase of grid points the spurious vibration of
dy/dt at positions around x=0 can be attenuated, the over-
shoot at the position of x=0 remains at the same level. This
is consistent with the conclusion that the error of the first
derivative is O(1). Due to the fact that the first derivative of
a C? is discontinuous, we attribute this to the Gibbs phenom-
enon, in spite of a little concept difference.

Figure 2 shows the calculation result of the second de-
rivative. Obviously the error at the position of x=0 calcu-
lated with 2048 grid points is about ten times the value cal-
culated with 256 grid points. This illustrates that the error of
the second derivative is O(N). With the increase of the grid
density, the error of the high derivatives calculated by the
pseudospectral method, especially at the positions across the
interfaces, increases drastically. This is quite disadvanta-
geous for the implementation of the pseudospectral method
in the AWP scheme when dealing with acoustical wave
propagation in discontinuous media, and the time step should
be restricted to guarantee stability.

The calculation error of the spatial derivatives can be
inspected from another viewpoint. It is inferred from Ref. 22
that for the C° function ®(x,7,), the error of the spectrum
estimation by N-point FFT is O(h?), where h denotes the
grids interval, e.g., h=L/N. Thus we describe the error in the
wave number space as

E[®(k,10)] = s(k)I?, (17)
where q~>(k,t0) represents the function in the spectral trans-
form domain and s(k) is a bounded function. Since in the
Fourier pseudospectral method, the estimation of the spec-
trum of the gth spatial derivatives is written as

B9(k, 10) = (jK) 1D (k. 10), (18)
the error of the spectrum estimation of the gth spatial de-
rivatives becomes
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0.4 0.5

2
E[®(k,t,)] = s(k)k"(}%) . (19)

It can be seen from Sec. II B that the Chebyshev polynomial
expansion method is actually a weighed summation of a se-
ries of spatial derivatives. Equation (19) suggests that in-
creasing the grid points will effectively reduce the errors of
spatial derivatives for low wave number components. For
time domain acoustical wave propagation calculation, the en-
ergy of the commonly used Gaussian wave packet concen-
trates in the low wave number components. Therefore, the
accuracy of the AWP scheme will be improved with the
increase of the grid density. It should be noted that for high
wave number components as k— N/2, from (19) we can see
that the error of the spectrum estimation is O(N972), and due
to the N summation operations included in the inverse FFT
process, the error of the estimation of the derivatives in spa-
tial domain is O(N9~"). This is consistent with the statements
concerning Figs. 1 and 2. Although increasing the number of
grid points can directly improve the accuracy of AWP, the
computation and storage burden will increase drastically. We
then propose a rather efficient mapping technique to deal
with the problem.

B. Mapping technique and mapping curve design

The basic idea of the mapping technique in the pseu-
dospectral method is to project the uniform spaced grid
points onto a nonuniform shape with higher grid density
across the media interfaces, and retrieve the spatial deriva-
tives at the nonuniform collocation points through a minor
modification of the normal pseudospectral method. If the
uniform series of collocation points {u}k=1,2,...,N are
mapped into a series of nonuniform grids {x;}k=1,2,... N,
the spatial derivatives of the initial value function ®(x,z,) is
obtained by the chain rule as
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(Note that for clarity, not all the points on the original
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u
dD(x,1,) du d®’ (u,ty) Sy — 2u—(s1+55)
—r = = —0 , (20) x=2—Na+tan| | ——Z - 8|y|/a,
dx x=x, dx =, du u=, 2 Sy — 81
’ L. . S1+ 5,
where @' (u,1,) denotes the initial value function formed by S (22)

the mapping process. The term in the first bracket on the
right-hand side of (20) needs to be calculated only once for
the whole AWP scheme and the second term can be calcu-
lated by the normal pseudospectral method.

There is a review of different mapping functions in Ref.
21, but most of them have only one concentration region,
which means that only solutions with one media interface
can be achieved successfully. An arbitrary mapping curve
construction way was proposed in Ref. 30, but it demands a
proper choice of the nonuniform initial collocation points. In
this paper, we propose a simple procedure of designing the
mapping curve, which can project the uniform grid points
properly onto a series of nonuniform grid points that provide
higher resolution across the media interfaces.

First of all, for a computation domain with only one
media interface, the mapping curves reviewed in Ref. 21 can
be implemented directly. For the computation domain of
[-1,1], the following is one example that was first proposed
in Ref. 29.

x=a, +tan[(u - B)ylay, (21)
where
k—1 4 4
B= , k=tan” [ay(1 + ay)J/tan™ [ (1 - @,) ],
Kk+1

and y=tan"'[a;(1-a,)]/(1-8). Among all the parameters,
a, is the location of the interface and «; determines the
width of the concentration area. The other parameters are
used so that (21) maps the computation domain on itself.
For an arbitrary computation domain [s,,s,], the mapping
curve of (21) is extended by the scale and shift techniques
as follows;
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Note that in (22), ay=[25—(s,+5,)]/(s,—5,), where s is the
actual position of the media interface in [s;,s,]. If the media
interface is at the center of the computation domain of
[-1,1], a much simpler mapping curve is proposed in Ref.

40,
x=(1-nu+ qu, (23)

where 7 controls the width of the concentration area. Also,
for the computation domain of [s;,s,], (23) is expanded as

§9— 8] 2u—(s;+50)\°  2u—(s;+5,)
x=" (1-7) +7

S2 =8 S2 =8

S1+ 5,

5 (24)

For computation domain with two or more media interfaces,
the mapping curve can be constructed by the concatenation
of two or several mapping curves with one concentration
area such as (22) and (24). But such a direct concatenation
will result in a C° function. Note that Eq. (20) implies that
the mapping curve must correspond to at least a C' smooth
function so that du/dx is continuous, otherwise additional
Gibbs phenomenon will be introduced. Therefore it is neces-
sary to postprocess the concatenation result using some
curve fitting techniques. A normal least-squares polynomial
function curve-fitting technique can give quite a satisfactory
performance. For example, two media interfaces are set in
the computation domain [0,20] at the positions of x=4 and
x=11, and the number of the total grid points is 512. The
computation domain can be divided into two subdomains,
[0,6.2] and [6.2,20]. After applying mapping function (22)
to each subdomain with «;=5, a 30-order polynomial
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FIG. 4. du/a,’x|x:le of the mapping curve depicted in
Fig. (3) at every collocation point.

function is used to fit the concatenation of the two map-
ping curves, as depicted in Fig. 3. It can be found that the
effective curve fitting can be achieved with a polynomial
function of sufficiently high order. It should be pointed
out that the order of the polynomial function should be
well limited in order to avoid the well-known Runge
phenomenon21 in polynomial curve fitting. Figure 4 shows
the derivatives of du/dx|x=xi at every collocation point,
and it demonstrates that the non-uniform grids do have
higher density across the media interfaces.

Another mapping curve design method of the above ex-
ample is to divide the computation domain into three subdo-
mains [0,8], [8,14], and [14,20]. Then apply the mapping
function (24) to the first and the second subdomain and leave
alone the third subdomain, i.e., x=u for the third subdomain.
The concatenation of the curves and a 15-order polynomial
mapping curve are illustrated in Fig. 5. Figure 6 shows the

20 T : T T T T T T

derivatives of du/ dx|x=xi at every collocation point. The va-
lidity of the mapping curve is also demonstrated. Note that in
Fig. 6, the derivative in the subdomain'**’ is no longer a
constant and varies around 1. This is caused by the polyno-
mial curve-fitting procedure.

For the above mapping curve design procedures, we
should rely on the features of the computation domain and
the positions of the interfaces to determine which one should
be used. A practical rule of choosing how to separate the
computation domain into subdomains is to guarantee the
first-order derivatives of the concatenated mapping curves
meet as close as possible at the joint points, therefore making
it easy for the curve-fitting process. This is why we choose
6.2 as the joint point for Figs. 3 and 4 and (8,14) as the joint
points for Figs. 5 and 6. Although high resolution is needed
across the interfaces, the residual grid points in the other
areas should be kept rich enough to guarantee a sufficient

18

Cune fitting result
161 %  Original concatenated curve

14}

12+

x 10+

— FIG. 5. Another example of the mapping curve design.
(Note that for clarity, not all the points on the original
4 concatenated curve are shown.)
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3 FIG. 6. du/dx|j:xi of the mapping curve depicted in
Fig. (5) at every collocation point.
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description of the initial wave packet. It should be noted that (22) with a;=5 is used in this example. Figure 7 shows the
the curve-fitting process and the calculation of du/dx at ev- initial sound pressure wave packet and the snapshot of the
ery collocation point are finished before the wave evolution time domain waveform at r=0.025 s by the AWP scheme and
calculation. Therefore the computation burden will not be the AWP scheme with a mapped pseudospectral method
affected by the mapping curve design procedure. (named the mapped AWP hereafter), respectively. After ex-
tracting the reflected wave and the transmitted wave from the
IV. ILLUSTRATING EXAMPLES snapshot at t=0.025 s, the reflection coefficient R(f) and the
. L . . transmission coefficient T(f) can be calculated, as depicted
A. Reflection and tr