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ACOUSTICAL NEWS—USA

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

Editor's Note: Readers of this 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

Patricia Keating—For contributions to Manell Zakharia—For contributions to
the integration of the phonetic and lin- underwater acoustic imaging.
guistics aspects of speech production.

ASA Awards Presented at 2004 International entrants from the United States and 40 other countries who exhibited

Science and Engineering Fair (|SEF) E(r:?éicct; ;:Ztersgirrn]e::rrilrtlzd one or more categories of 14 technical areas of

Special awards were presented by representatives of ASA to five high ~ Of the 1429 entrants at the fair, the ASA judging team, after a prelimi-
school students at the 2004 ISEF held in Portland, Oregon in May of thisiary review of all project titles, concluded that 53 of the projects potentially
year under the corporate sponsorship of Intel Corporation. The fair has beefell within the technical areas of the Acoustical Society of Amelia8A)
held since 1950 to stimulate interest in scientific and engineering careerand warranted further consideration for the special awards presented by
among high school students around the world and the interest in the fair hag&SA. The three judges forming the ASA judging team split the 53 projects
been steadily growing over the years. This year, the fair included 1429nto three groups and each judge took a group of projects to visit and decide
if the project was in fact enough of an acoustical by related project to retain
it in the group of projects warranting further consideration. With this ap-
proach, the field of eligible projects was reduced to 32. Each of the 32
projects was then examined in more detail by at least two of the three judges
and then notes compared to develop a final list of eight finalists that would
be interviewed and ranked for consideration for the awards bestowed by the
ASA.

Normally, ASA awards a first place prize of $500 and three non-cash
Honorable Mention awards with all award recipients receiving a free one-
year subscription to JASA on CD ROM. However, because there were two
students who had such outstanding projects in different areas of acoustics it
was decided that two first place awards of $250 would be awarded instead of
the one first place award of $500. With this decision, a first place award of
$250 was given to Joline Marie Fan from Upper Arlington High School in
Upper Arlington, Ohio for her Engineering category project entitiechus-
tic Excitation for Enhancing Interfacial Dynamics of MesobubblBsring
her interview with the judging team, the 16-year-old Ms. Fan demonstrated
that she had an unquestionable understanding of the way in which acoustic
waves interact with mesobubbles in multi-bubble systems to regulate the
dynamic behavior of the bubbles. One of the judges with a Ph.D. from MIT
Kerrie Standlee, Chair of ASA Judges, presents ASA awards to Intel ISEFold Ms. Fan that she had learned as much about her topic of interest at age
Science Fair participantd to r: Jonathan Bell, Joline Fan, Alison Slowey, 16 as he did when he was 30 years old. All judges agreed and told Ms. Fan
Benjamin Schmidt and Alexander Dillard. that, based on her work presented at the ISEF, she should find it very easy to

J. Acoust. Soc. Am. 117 (1), January 2005 0001-4966/2005/117(1)/1/6/$22.50 © 2005 Acoustical Society of America 1



SOUNDINGS

receive a scholarship in the field of acoustics at almost any university with
an acoustics program and we encouraged her to continue her interest i
acoustics.
A second, first place award of $250 was given to 15-year-old Benjamin
Alexander Schmidt from Center Wellington District High School of Fergus,
Ontario, Canada for his Engineering category project entit®dIART:
Static Microphone Arrays for Robot Trackiniglr. Schmidt’s project caught v
the judges’ eyes because he used simple materials in developing a micrcg s

model. Mr. Schmidt's presentation during his interview by the judges dem-
onstrated that he, like Ms. Fan, had a very strong understanding of the
acoustic principals associated with the project. Mr. Schmidt was encouraged
to continue his interest in acoustics and consider looking for a university in
which he could further his interest.
Honorable Mention awards were given to 16-year-old Alison Karee
Slowey of Saint Michael's Academy in Bryan, Texas for her Earth and
Space Sciences project entitl@hund Wave Propagation in Brine Pools
15-year-old Jonathan Brooks Bell of R. Nelson Snider High School in Fort
Wayne, Indiana for his Engineering project entitl@3mpening the Modes
of Vibration of Multistory Scale Models Due to Seismic Waweesl to 17- ASA/GBC members who attended the tour.
year-old Alexander William Dillard of Bradshaw High School in Florence,
Alabama for his Physics project entitlefihe Effects of Acoustic Pressure
Disturbances on Refraction of Visible Light in Gassts. Slowey's project  partially supported by the stacks. The brief presentation by Greg Tocci after
was a study involving the use of acoustic energy to determine the salinity othe tour, at 3 Cheers Restaurant, summarized the history of work on the
water in the Gulf of Mexico. Mr. Bell's project was an investigation into the project, including vibration measurements and SEA modeling, and the strat-
use of passive dampers to minimize the resonant modes of vibration in scakgy used to determine whether elastomeric vibration isolation elements
model multi-story buildings. Mr. Dillard’s project was a study into the use of should be incorporated into structural connections with the vent building.
acoustic pressure waves to influence the refraction properties of light in ~ The acoustical analysis for this project has been a joint effort of Ca-
gases. All three projects were considered excellent examples of the qualityanaugh Tocci Associates, Inc. and R.H. Lyon Corp as acoustical consult-
of acoustic related work brought to the fair this year and gave the judges thants to the Ownefintell) and Wilson Ihrig & Associates, Inc. as acoustical
feeling that high school students are beginning to see acoustics as a fiepnsultant to the Hotel Tenaf®ix Continents Hotels
worth pursuing. Because of the complexity of the building and the analysis, the pre-
The ASA judging team included Dr. Alfred L. Nuttal from the Oregon sentation focused on a few specific areas. These are the structural connec-
Health Sciences University of Portland, Oregon, Dr. Charles Oppenheimetions between the stacks and floors of the hotel and residential floors, sound
with Daly-Standlee & Associates, Inc., a consulting acoustical engineerindevels at 125 Hz, where the NC ratiidigy the tangency methoaf fan noise
firm in Beaverton, Oregon, and Mr. Kerrie G. Standlee, P.E., the Principal ofn building spaces has been generally found to be dominant, and, finally,
Daly-Standlee & Associates, Inc. Mr. Standlee acted as the Chair of thavhether vibration isolated connections of the hotel floors with the vent
judging team and presented the ASA awards at the award ceremony. THauilding stacks are required. The work in this project intentionally excluded
judging team found participating in the science and engineering fair to be &he most logical consideration, and that is the vibration isolation of fans in
wonderful and memorable experience and they found it heartening to see thbe vent building. The CA/T could not allow any changes to fan installations
enthusiasm and interest in the field of acoustics shown by those students
with projects involving acoustics. The judges would like to encourage those
who have an opportunity in the future to participate in an ISEF program
should it come to your community.
KERRIE G. STANDLEE, P.E.

Regional Chapter News

Greater Boston Chapter

On September 23, 2004, the Greater Boston Chapter of the Acoustical
Society hosted a tour of the 500 Atlantic Avenue construction project. This
is a hotel/condominium building situated atop the subsurface Vent Building
3 (VB 3) of the Boston Central Artery/Third Harbor Tunnel. The Central
Artery Tunnel construction is complete and VB 3 is in full operation. 500
Atlantic Avenue is one of the first projects to take advantage of the new
cityscape being opened for park and building development along the route ’
of the former elevated Central Artery. yy e

In the photo are ASA/GBC members who attended the tour. Gregory
C. Tocci(to the far lefi conducted the 500 Atlantic Avenue tour of construc-
tion above ground. Erick Thalheimer, Senior Noise Control Engineer for the
“Big-Dig” (second from the left lead the tour of VB 3 below ground.

Vent Building 3 is a heavy poured concrete structure with its roof
situated about 3 feet below grade. The vent building contains 23
100" -in.-diam double-width centrifugal fans that, for a number of reasons,
are not vibration isolated. The fans exhaust into a cluster of reinforced
concrete shafts that rise up to about 250 ft above grade as shown in the
accompanying figure. The land on which the vent building is situated is
owned by Intell Management. The tall stacks are to be embedded in a luxury
hotel/residential condominium complex that Intell is presently constructing.
The new building is to be built atop the vent building and is also to be Vent Building 3.

==
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that the INTELL team might propose since, at the outset of the project, thdoound; Nonmembers $80clothbound.

installation of tunnel ventilation fans was the chief limitation in the timely Volumes 85-94, 1989-1993 JASA and Patents. Classified by subject and
opening of the northbound tunnel, which could not afford to be delayed. indexed by author and inventor. Pp. 736. Price: ASA members(gaper-
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which a complete meeting announcement appeared. Nonmembers $90paperbouny
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State College, PAAnthony Atchley, The Pennsylvania P.O. Box 217, Enschede 7500 AE, The Netherlands

State University, 217 Applied Research Lab Building, Birli, Joseph, Audiopack Technologies, 4933 Neo Parkway, Garfield Height,

University Park, PA 16802; Tel.: 814-865-6364 E-mail:  OH 44128

ISNA17@outreach.psu.edu; WWW: http://  Chang, Seo, The Univ. of Seoul, Environmental Engineering, Jeonnongdong
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17-21 Oct. 150th Meeting joint with Noise-Con, Minneapolis, MN, Chen, Xuemei, Naval Research Laboratory, Code 7102, 4555 Overlook

[Acoustical Society of America, Suite 1INO1, 2 Hun-  Ave., SW, Washington, DC 20375
tington Quadrangle, Melville, NY 11747-4502; Tel.. Combet, Christophe, Parc de la Fontaine de Duvence, 13 rue Levacher Cin-
516-576-2360; Fax: 516-576-2377, E-mail:  trat, Marcoussis 91462, France
asa@aip.org; WWW: http://asa.aip.@rg Duryea, Brad T., DMG Systems, P.O. Box 941634, Houston, TX 77094
Elmkjaer, Torsten H. Leth, Terma A/S, Airborne Systems, Hovmarken 4,
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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).]

Physical Principles of Medical Ultrasonics, and effectiveness of the overall imaging procedure. Quantitative measures of
- imaging and perception are discussed.
2nd edition In Chapters 9, 10, and 11 the authors describe a methodology for
. . clinical investigation with the two stated aims: describing in outline the
C. R.Hill, J. C. Bamber, G. R. ter Haar  (Editors ) present state of the art; and exploring ideas and principles presented in
John Wiley & Sons, Chichester, 2004 earlier chapters that have promise for the future. Opportunities are seen for
xv +511 pp, $199.00 (hardcover), ISBN: 0471970026 flow-imaging and elastography to become more quantitative. Also, it is an-

ticipated that the introduction of stable, safe echo-enhancing contrast agents

This edition follows the highly regarded 1986 edition for which the will open up a new range of possibilities for ultrasound imaging. The prin-
stated purpose was “to examine the subject of medical ultrasonics from theiples of operation of the SAM and SLAM microscopes are explained; these
point of view of underlying physical principles.” The intention was to instruments provide information complementary to that given by optical
present basic material “in a manner that should help newcomers to the fielchicroscopes.
to contribute effectively to its further advancement.” Great advances have Chapter 12 examines a number of physical phenomena that are be-
indeed been made in the field since then; diagnostic ultrasound now adieved to account for the various types of link between ultrasonic exposure
counts for over 20% of all medical imaging procedures worldwide. Theand biological effect. These include heat generation, acoustic cavitation,
1986 authors deserve their share of the credit. While most of the first editiomadiation forces and torques’ and acoustic streaming. Comparisons are made
is still relevant—and has been retained—much new material has beefetween theory and experiment. Therapeutic and surgical applications of
added. As before, the book is designed mostly for graduate students igjtrasound are taken up in Chapter 13, with emphasis on work that is con-
physical sciences and engineering, but will also be helpful to motivatedsigered to have a reasonably well-established scientific basis. Included are
undergraduates in these fields, as well as to other physically oriented medth‘ltrasonically enhanced drug delivery, physiotherapy for pain control and

cal personnel. fracture healing, focused beam surgery, ultrasound angioplasty, and treat-

Chapter 1 presents relevant aspects of acoustic theory, to which refephem of Menllre’s Disease

ence is made in later chapters. There is emphasis on ultrasonic pulses in In Chapter 14 consideration is given to various lines of evidence that

lossless homogeneous media, including examples in which Green’s func- . -
. ; ave been brought to bear on questions of safety. Definitions of relevant
tions are used and edge waves discussed. In Chapterd 3 anwealth of . . » .

biological endpoints are discussed, as well as the concepts of safety and

practical information is offered for generating medical ultrasound fields, ) ) . . . .
rgazard in the contexts of therapeutic and diagnostic practice. It is concluded

especially with arrays that can be focused and steered. Equally valuable . ; . . .
the attention given to measurement of field characteristics involving powerthElt epidemiological surveys based on earlier procedures have found little

intensity and acoustic pressure, believed to be the most important for theffrm evidence of deleterious effects from clinical use of diagnostic ultra- -
relevance to imaging capabilities, and to the potential for biological effectsS0Und. Questions continually arise, however, as new procedures and condi-
If | were a student or other person planning to do research or pursue sonfions are introduced; examples during the past decaddiptbe use of
application using ultrasound transducers, | would want these chapters avafigher intensities andi) the employment of gas-containing contrast agents.
able to me as a guide and source of general information. While much good can come from these and other changes, the authors stress
Chapters 4 and 5 deal broadly with attenuation, absorption, dispersiorthat there must be continued vigilance in recognizing and studying possi-
and the speed of sound. They update the very extensive treatments in 1988lities they might present for unwanted effects.
especially in regard to contrast agents, therapy and nonlinear propagation. In ~ This volume, like the first edition, treats the physical aspects of medi-
Chapter 6, a theoretical basis is outlined for understanding reflection andal ultrasound that are key to understanding how it works. Much valuable
scattering of ultrasound in tissues. In the future, a more complete undeinformation is contained in its pages, and it is presented carefully and well.
standing of scattering from tissue structures is expected from the use dfknow of no other book that treats this subject with comparable breadth and
acoustic microscopy, and from employment of reconstruction techniqueslepth. It should be available for study and for reference by anyone who is
analogous to those used in x-ray computed tomography. involved with research into topics related to medical ultrasound, or with
Chapter 7 takes up studies of the interaction between ultrasound andevelopment of applications, and with providing technical help to clinical
tissues by considering their physicochemical aspects. It is pointed out thajsers.
for many tissues, existing differences in shear properties are much greater
than in bulk propertiegsuch as densily It follows that techniques based on
shear properties would be more sensitive to tissue differences. WESLEY L. NYBORG
The role of the human observer is examined in Chapter 8. It is showrPhysics Department
that characteristics of the “eye of the beholder” influence both the designUniversity of Vermont
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Patents are available via the Internet at http://www.uspto.gov.
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6,771,562 ]
10

43.30.Sf FISH FINDING METHOD AND SYSTEM —32

David A. Betts et al, assignors to Techsonic Industries,
Incorporated
3 August 2004(Class 367111); filed 26 August 2002

A small bobber attached to a fishing line houses a transducer, sonai
transmitter and receiver, microprocessor, rf transmitter and antenna, anc
battery. Echo returns indicating the presence of fish near the bobber positior
are converted to electrical signals and radio transmitted to a receiver at the
fisherman’s shore position, where the echoes are viewed on some displa’
device. This display device may, in fact, be a small viewing screen attached
to the fisherman’s wrist or to the fish pole. The poor fish ain't got a
chance.—WT

6,771,563

43.30.Tg APPARATUS FOR DEPLOYING A LOAD
TO AN UNDERWATER TARGET POSITION

WITH ENHANCED ACCURACY AND A METHOD TO are designed togbse inserted under the strap of a diver’s mask. The frame is so
CONTROL SUCH APPARATUS 9 P ;

sized that the two waterproofed speaké#sare then held adjacent to the

. diver’s ears. The cable38 connect to an auxiliary portable audio device. In
Francois Bernard, Den Haag, the Netherlands an alternate embodiment, there is an extension of frat the front so
3 August 2004(Class 367131); filed 20 September 2002 that a waterproofed microphone is held adjacent to the diver's mouth.—WT
An apparatus for delivering a load to an underwater target position

incorporates a sonar system that generates a number of acoustic beams to

aid in target location as well as equipment to measure the sound velocity

profile in the water surrounding the apparatus so that local bending of the 6,778,470

sound rays can be computed to allow making real-time corrections of the

target location.—WT 43.30.Xm MOUNTABLE SYNTACTIC FOAM

SENSOR HOUSING

6,769,508 Patrick J. Monahan and Robert S. Janus, assignors to The United
States of America as represented by the Secretary of the Navy
43.30.Tg UNDERWATER AUDIO SYSTEM 17 August 2004(Class 367189); filed 15 September 2003

An acoustic sensor is described for monitoring the retrieval of a towed
Australia array deployed from a submarine. The sensor, shown in cross sectional view,
e . incorporates four piezoceramic transduc26s28, 30, and32 surrounding a
3 August 2004(Class 181129); filed in Australia 21 May 1999 cylindrical passage tub24. Two of the transducers function as transmitters
An underwater audio system consists, in part, of the device shown irand the opposite two as receivers. lteddsare the piezoceramic elements
the figure. The hinged support frari@ features two arm82 and 34 which while items46 are backing plates. The transducers are bonded to the passage

Damian Victor O’Connor, Brentwood Western Austrialia,
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6,778,468

43.30.Yj AUTOMATICALLY TRACKING SCANNING
SONAR

Yasushi Nishimori and Ken’ich Watanabe, assignors to Furuno
Electric Company Limited
17 August 2004(Class 367103); filed in Japan 20 May 2002

The elements of a large sonar array, generally cylindrical or spherical
in shape, are excited in various combinations and with various signals, such
as CW or FM, so that the frequency of the radiated signal is changed as the
direction of radiation is changed. The goal is to reduce spurious false target
readings because of grating lobes and high side lobes.—WT

6,760,455

43.38.Bs ELECTROSTATIC LOUDSPEAKER WITH
42 A DISTRIBUTED FILTER

tube with a semi-rigid adhesive such as polyurethane which then forms
acoustically trgnsparent windov’dQ: The remainder of thg internal volumc_e ‘ American Technology Corporation
of _the sensor is en_c_apsulated W|th_an epoxy composite whosg density is ¢ July 2004 (Class 381191); filed 13 July 2001

adjusted by the addition of hollow microspheres to lighten the weight of the

whole sensor. In operation, as a towed array is drawn in through the water- ~ To control the directional pattern of an electrostatic loudspeaker, the
filled passage tub24, the pair of perpendicular beams generated by the twofixed electrode can be divided into multiple sections connected through
transmitting transducers results in different received signals at the two hyresistors of different values. This patent argues that it is more efficient to
drophones depending on whether the towed array has been fully retrieved éentrol the resistivity per unit area of the diaphragm itself. In this way, a

10

James J. Croft Il and Robert C. Williamson, assignors to

not.—WT distributed network is created in which the acoustic output is attenuated with
increasing frequency at all points distant from the electrical connection
area.—GLA
6,771,564

43.30.Yj SONAR DOME AND A MOUNTING

BRACKET FOR REMOVABLY CONNECTING AN

ACOUSTIC SENSOR ELEMENT TO A

SONAR DOME 6,768,806

Thomas S. Ramotowski and Patrick J. Monahan, assignors to 43.38.Dv SHORTING RINGS IN DUAL-COIL
The United States of America as represented by the Secretary ~ DUAL-GAP LOUDSPEAKER DRIVERS

of the Navy
3 August 2004(Class 367173); filed 15 September 2003 Douglas J. Buttonet al, assignors to Harman International
. . . Industries, Incorporated
A pair of mounting bracket28 and 38 for holding each of a set of ’ e
piezocomposite transducer elemeh® generally in the shape of a rectan- 27 July 2004(Class 381401); filed 18 March 1999
gular parallelepiped, to the inner wal of a sonar dome are fashioned from Dual-voice-coil dual-magnetic-gap electrodynamic transducers are a
flexible acoustically transparent material such as polyurethane. The twepecialty of the assignee and shorting rings have been used in magnetic
brackets are adhesively bonded to the dome at interface sufeesi40. motor topologies to reduce voice coil inductance and therefore the harmonic
Because the brackets are flexible, they can be bent apart to initially insert, afistortion due to the inherent nonlinearities of the voice-coil/gap structure.
5 " .34 48 46 44 50 The patent describes how, by strategically placing one or more annular
/ \ shorting rings, the voice coil inductance can be redupétement near the
48 - \ 48 voice coil, second and higher order even harmonic distortion can be re-
. o]
N
14 28 K 12 /J %8
~— 1l x|
[

30J 42 JZ & 40

subsequently remove and replace, any one of the transducer eleh®ents duced (placement entirely within the magnetic flux loop centenljnand
Slots32 and 42 cut into the brackets hold the transducer element at a smalthird and higher order odd harmonic distortion can be redypttement
distancex away from the inner wall of the dome which, of course, is free- centered in the magnetic gapgOne of the embodiments of the invention
flooded. A restraining member such as a threaded PVC4&dan be shows shorting ringd6G, 16G’, 16H, and16H’ located near the voice coil
inserted through bore holé&st and44 in the mounting brackets to lock the that are said to mainly suppress second and higher order even harmonic
transducer element in position.—WT distortion and to reduce voice coil inductance.—NAS
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6,771,792
43.38.Dv TRACK-SHAPED LOUDSPEAKER MN

RS ‘ ‘B
,,///,'// \\\\\\\“

\\\\\\\M/[//ﬂ/[

Hidetoshi Shirakawa, assignor to Foster Electric Company,
Limited
3 August 2004(Class 381412); filed in Japan 28 December 1998

\\\\\

274 {

The aesthetics of television sets and similar entertainment equipment 24 \ / J[ 54
plays a large role in the industrial design of these devices. The patent admite  28a. \\\ ’//‘a//” 5 45 13
that thin is in regarding the form factor industrial designers desire in the - /// 288122707 T 57

. . \\\ 44 |
physical shape of the loudspeakers they place along the perimeter of largt Ve _/

screen displays and other such visual devices. These elongated loudspeake20A

\ QNN
are not known for their sound output. The patent appears to describe ar //.
/,

ez 727

’//\‘
-

o] © =
o IS

that drives a rod.2 that in turn is attached to the loudspeakérthrough a
special connection fitting. The motor structure can be attached or affixed to

CESSRSSSSSSEES

a variety of radiating mechanisms, including cones of concave and convex
10— cross sections. In addition to the motor design, various and sundry means of
b attaching the cone and support structure to the motor are described. How
18— this is an improvement over current methods of repair is not clear to this
19 | reviewer.—NAS

20—

Ol IO

a

oval-shaped magnetic gap topolog§, and similarly shaped voice coil and

attachment to the cone and suspension, that allows the magnetic circuit to be

as large as possible, within certain constraints to prevent saturation, and to

increase the magnetic flux density. The one claim concerns this oval, or

racetrack-shaped, magnetic motor—NAS 6,782,111

43.38.Dv MULTIPLE VOICECOIL AND DRIVER
TRANSDUCING

Peter J. Wagner Il and Charles R. Barker Ill, assignors to
Bose Corporation
24 August 2004(Class 381335); filed 9 July 1998

6,778,677 Let’s say you have a successful line of equipment that features two
loudspeakers. How do you present three channels, say, left, center, and right,
43.38.Dv REPAIRABLE ELECTROMAGNETIC in those two loudspeaker channels? The patent describes how you can do
LINEAR MOTOR FOR LOUDSPEAKERS AND this by using two loudspeakers4 and20, each with two independent voice
THE LIKE coils, 16 and 18, and 22 and 24. By connecting a voice coil in the left
loudspeaker with a voice coil in the right loudspeaker, in either séags

C. Ronald Coffin, Topsfield, Massachusetts 10 120
17 August 2004(Class 381418); filed 7 April 2003 \ ]
The problem is that cone-type electrodynamic loudspeakers are pronegp;
to several failure modes. The suspension, the lead wires, the neck joint, o1 [ ]
the cone can all fail, albeit usually not all at the same time. So, is there an
easy way to repair these failures? In many cases, the recone technicial 16 18 24 22
removes all moving parts from the frame motor assembly and drops in a
“recone” kit, gluing the suspension and spider and soldering the flex leads 14 2
to the electrical terminals on the frame. Peavey has a line of loudspeakeghown in the figureor parallel connection, and then by driving this con-
that feature removable baskets that allow for the quick replacement of theected set of voice coils with the center channel signal and the remaining
cone, suspension, spider and voice coil. The basket can then be reconedcail in each of the transducers with the left and right signals respectively,

your leisure. The present patent describes an electromagnetic linear motgou can present the three channels. It may just be this reviewer's memory,
that has two voice coils32A and32B, in a complex magnetic motor design but this scheme seems vaguely familiar.—NAS

—— e

12R
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6,752,020
10
43.38.Fx DEVICE FOR MEASURING PRESSURE,
SOUND AND VIBRATION AND METHOD OF
ANALYZING FLOW ON SURFACES OF
STRUCTURAL PARTS 12
Gerald Sobotta and Dieter Bosch, assignors to EADS Deutschland
GmbH
22 June 2004(Class 73702); filed in Germany 20 May 1999
This patent describes a method and apparatus for analyzing fluid flow ‘4'
on missiles or aircraft. If sensors are mounted on exterior surfaces, they can goo -
be subjected to hostile environments. Moreover, the presence of sensors
disturbs the flow pattern that is being measured. The invention utilizes sen- l ®
.—/"6
22
22-4

7
/9

variety of common gradient patterns can then be created by selecting the
appropriate electronic parameters. This patent describes such a system using
two standard speaker modul2®-1, 22-2, a two-channel power amplifidd,

and a two-channel signal procesd@&—GLA

sors imbedded in the structure or mounted on the interior of the skin. Signals
in the range below 250 kHz are analyzed by artificial intelligence methods
to determine the onset of turbulence, etc.—GLA

6,776,762

43.38.Fx PIEZOCOMPOSITE ULTRASOUND ARRAY 6.754.360
AND INTEGRATED CIRCUIT ASSEMBLY WITH o
IMPROVED THERMAL EXPANSION AND 43.38.Ja SIGNAL-HORN

ACOUSTICAL CROSSTALK CHARACTERISTICS
Attilio Granziera, assignor to Stebel SPA

Kenneth R. Erikson et al, assignors to BAE Systems Information 22 June 2004(Class 381340); filed in Italy 4 February 2000
and Electronic Systems Integration Incorporated To an automobile manufacturer, the ideal horn assembly would be very
17 August 2004(Class 600459); filed 13 June 2002 small, very cheap, and very loud. This patent describes a horn design in-

The aims of this ultrasound array are to provide a piezocompositéendEd to deliver maximum loudness from an electromagnetic driver at a
transducer array and integrated circif) assembly and to provide acous- 9iven frequencytypically between 380 and 530 WzA spiral sound path
tical matching properties suitable to the frequency of the array and théakes the form of an extended Cylindl’ical throat section followed by an
medium to which it is being applied. The IC assembly features better acouseXxponential flare. The patent includes a comparative chart of three horns that
tic isolation between transducer elements, greater mechanical reliability ofsts “sound power” in dBa) but does not include the electrical power
the solder bond joining the array and the IC, and greater vertical attenuatiofrawn by the three drivers.—GLA
of acoustic signals between the array and the IC. The device includes a
piezocomposite ultrasound array with thermal expansion characteristics ap-
proximately matching silicon or other semiconductor material from which
the ICs are constructed. Transducer elements are acoustically isolated later-
ally. Acoustical effects are isolated vertically with capacitive coupling and
small area solder bumps relative to wavelength and further isolated laterally
by thin supporting substrates relative to wavelength, including thinner semi-
conductor IC substrates.—DRR

6,757,402
43.38.Ja KNOCKDOWN SPEAKER

6,766,033

43.38.Hz MODULAR BASS ARRAYING
Yen-Chen Chan, Hsin Chuang City, Taipei Hsien, Taiwan,
Morten Jorgensen and Christopher B. Ickler, assignors to Province of China
Bose Corporation 29 June 2004(Class 381396); filed 14 November 2001

20 July 2004(Class 381387); filed 19 September 2001 This somewhat elongated loudspeaker consists of three self-contained
It is known that a directional low-frequency loudspeaker array can beassemblies: a magnetic bakk a casingl2, and a vibration uni.3. When
built using standard woofer boxes driven by suitably processed signals. Ahe music lover blows out a loudspeaker, he simply buys a new vibration
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force of the voice coil can be effectively transmitted to the diaphragm so
that a loudspeaker with excellent characteristics can be gained."—GLA

6,766,034
43.38.Ja MULTIFUNCTION ACOUSTIC DEVICE

Takashi Kobayashi and Akira Nikaido, assignors to Citizen
Electronics Company, Limited
20 July 2004(Class 381396); filed in Japan 21 September 2000

It is not unusual for a patent to be followed by one or more additional
patents describing variations of or improvements to the original invention.
In this case however, the speaker/vibrator covered by patent 6,711e269
viewed in J. Acoust. Soc. Am116(3) 1320 (2004)] appears to be un-
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! changed. The broad claims of the first patent are simply filled in with addi-
unit and reassembles the speaker. The novelty of this design is difficult téional terms like “side yolk,” “eccentric means,” and “having magnetic
see since commercial loudspeakers with field-replaceable cone assemblipsles.” In effect, the preferred embodiment has been patented separately.—

are readily available.—GLA GLA
6,757,404 6,763,110
43.38.Ja LOUD SPEAKER, DIAPHRAGM AND HANDSET FOR MOBILE COMMUNICATION USING
PROCESS FOR MAKING THE DIAPHRAGM
THE SAME
Hiroyuki Takewa et al., assignors to Matsushita Electric industrial . .
Company, Limited Young Hwan 'Surjg, assignor to LG Information
29 June 2004(Class 381430); filed in Japan 20 November 2000 & Communications, Limited _
13 July 2004(Class 379433.02; filed in the Republic of Korea
This Matsushita patent is 42 pages long and lists 11 co-inventors. An 18 December 1998

' To reduce the size of a cellular phone handset without reducing its
| display area, sound from loudspealiyis conducted to exit openindgks

70 %0
15 A
B
s
S 30
N~
A
53a 53b .

0
through a groove in sound guid®. According to the patent abstract, the
speaker is mounted at a “predetermined” angle, and the angle at which
sound is directed is also “predetermined.” However, the word “prescribed”
is substituted in the 29 patent claims. To some readers, these verbal distinc-

tions may be more interesting than the invention itself.—GLA
77 / ) 13

' ./\\\\\\\\ é\ 7 6,763,117
i //Y/////////A 43.38.Ja SPEAKER ENCLOSURE
<4 ‘

[ Barry Goldslager, Gardner, Massachusettset al.
10 9 13 July 2004 (Class 381345); filed 27 September 2001

injection-molded diaphragrB0 includes a dome pafl, a voice coil junc- A loudspeaker enclosure is made up of laminated sections, like a
tion part52, and an integral surrourB. “Thus, the electromagnetic driving  butcher block. Instead of being glued together, the sections are removable.

8 12
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crophone is located in the headset itself. The hollow boom has a number of
hinges and joints and is designed to afford optimized response at all usable
22 , tube lengths and adjustments thereof.—IME
\ e 7 an
\ / 14d / 14i
/ /
/ K 1 1717
‘~- .w‘:‘l- "'f’- \vf’ Y \r:' ‘1' \!1 ! !
20— | I+l 6,765,802
i T 21
N BN RN R . ' 43.38.Lc AUDIO SOUND QUALITY ENHANCEMENT
EHHHEHEHEHE APPARATUS
,w:ss;.s'Ef~u
1 Eiet B BN D B O R BE R Ray B. Ridley, assignor to Ridley Engineering,
12 N R IR R K : Incorporated
B IS IS BT N BN A B B 20 July 2004(Class 361767); filed 27 October 2000
N I I I I B B I B
26— A ,"‘,','L\ VAL A LA AL The inventor wants to find the holy grail: transistor amplifiers that
I sound like tube/valve amplifiers. This popular purgsige the August 1998
g1/ ! | \ IEEE Spectrunarticle for the pro-vacuum slanhas been covered exten-
/ \ \ \1 6 sively in the popular literature as well. The inventor proposes an unorthodox
14a 14e 14q solution: he wants to intentionally heat up the transistor junctions in the
14b 28a amplifier stagegshown in bold boxes in the figureThe inventor argues
Zab . . that this sounds more tube like. But he doesn't present theory or measure-
Thus, the user can modify the enclosure without removing the 18 20
loudspeaker—a vexing problem that has heretofore been deemec :.4_‘_\ ....... : U W :
unsolvable —GLA 10 1 S
NN 3 % L E :
; v ! : oo =
6,771,789 R D — e
N 5 -_(SL 1T =
43.38.Kb ADJUSTABLE MICROPHONE Py e Ofu | o
APPARATUS . P Sfrs L_'< —. RO § =
lru}ml L_r = Ee

Hideaki Kakinuma, assignor to Vertex Standard Company,
Limited

3 August 2004(Class 381361); filed in Japan 15 March 2000

Miniature microphones that are built into various pocked-sized or }
hand-held communications and recording devices are subject to handlin¢**
and wind noises in normal use. The patent describes several methods ¢
adjusting an internal shield at the microphone element to isolate it from
these effects.—IME

=

Devices to be Heated

6,768,804
ment. What this really does is change the Hetarent gain of the transis-
43.38.Kb ADJUSTABLE MICROPHONE BOOM tors but the slopes don't change. So, how this helps is left to the
WITH ACOUSTIC VALVE imagination.—MK

Osman K. Isvan, assignor to Plantronics, Incorporated
27 July 2004(Class 381376); filed 15 November 2001

The patent discusses the design of communications headphones
equipped with adjustable microphone tube boom sections in which the mi-

10\

6,775,385

43.38.L.c LOUDSPEAKER FREQUENCY
DISTRIBUTION AND ADJUSTING CIRCUIT

Jeffery James Coombs, assignor to James Loudspeaker,
LLC
10 August 2004(Class 38199); filed 21 September 2000

Many loudspeaker system for the home, and even some for profes-
sional use, use passive low-, high-, and band-pass filters. These are com-
monly known as crossover networks. This patent describes a simple means
of providing an adjustable crossover network using a series connected pair
of potentiometerfk1V andR2V that can “easily adjust the frequency out-
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38 tive modem but without the knowledge of coding. Second, no mention is
made of noisy channels of any variety. Third, the author maintains that these
fO R1V+ 32 burst tonegsinusoid$ are pleasing to the ear. Fourth, he’s forgotten rever-
(7 X} Z beration issues at the receiving end. He’s probably never seen an acoustic
- %#.,-RZV coupler—MK
30 36—1 < 42 \
+ R2 c2

76/D]

:&\,1 6,760,696
/j] I B 43.38.Md FAST START VOICE RECORDING AND

SUM OF FILTERED
AND FULL. FREQUENCIES PLAYBACK ON A DIGITAL DEVICE

ks &
FULL FREQUENCY
FULL FREQUENCY

14

C Jossef Goldberget al, assignors to Microsoft Corporation
6 July 2004 (Class 704201); filed 1 April 1999

j:l * E This patent concerns the excessive loading time for a process under
{

Windows CE™. Suppose you want to make a recording but can't wait for

12 the operating system to boot and/or the application to load. The proposed
20 solution is not much more than buffering sound in memory while the pro-
/ cess starts. Faster processors could make this issue ohgoletpt for code
J\ N bloa.—MK
Sy + 22

put and tonal qualities of a loudspeaker system to accommodate differing
acoustical environments in which the loudspeaker system may be placed.”
The patent also discusses damping factor and sensitivity, both of which are

idtob h d.—NAS
said to be enhance 6,782,105

6,752,238 43.38.Md REFLECTION SOUND GENERATOR WITH

43.38.Md WATER RESISTANT AUDIBLE TOYS ;ELFT{:ERSSOF MAIN AND SUPPLEMENTARY FIR
WITH SOUND EFFECTS

David Small and Paul S. Rago, assignors to Shoot the Moon ngzlrcpr;r:t?::ra and Yasushi Shimizu, assignors to Yamaha

Products 11, LLC CElad
22 June 2004(Class 181149): filed 14 March 2002 24 August 2004(Class 38163); filed in Japan 25 November 1998
Here’s the problem: electric powered water guns would be more en-
tertaining if they emitted sounds along with the water. Accordingly, the
speaker assembly must be made watertight. But this creates other proble ments(such as IIR filtersand randomizing functionésuch as dithered
including possible pressure differentials due to shipping and water temperaHeI

¢ it The i : it out that absolut t fing isn't ay). The practiced ear abhors any hint of repetition in reverberant re-
uredvznal |<()jns.d t: inven OrSMp?'nTMOU a athso u g_VYa er pr:)ho ing 'ST( sponse and its ugly companion, comb filtering. What the ear seems to de-
gﬁreroind n_|$|e|< » they use a Mylar™ cone with an ©-ring on the Speakgh 4 is a certain randomly based, spatially diverse, density of events, and

any density beyond that critical point is more or less ignored by the ear. The
patent describes several techniques in which simulated early reflections are

The fine art of creating natural sounding artificial reverberation at a
rice one can afford demands a careful balance between naturally iterative

6,759,961 subjected to variations in delay. Because of the subsequent relooping of the

signal around certain elements, the effect of a given delay shift is actually

43.38.Md TWO-WAY COMMUNICATION BABY spread out over a larger time interval. Subsequent delay paths may be
MONITOR WITH A SOOTHING UNIT shorter, but the combination can result in a much longer interval of random

events. The patent is clearly written and sound throughout.—JME

Karen Fitzgerald et al., assignors to Mattel, Incorporated
6 July 2004 (Class 340573.1); filed 4 October 2001

The now ubiquitous baby monitor enables parents to live somewhere
other than in audio proximity to the child. If the concept is extended to a
two-way radio, then the baby can now hear the parémtsvever distorted 6.754.358
by poor transduceysin addition, this patent introduces parental control of a ' '

“soothing unit” that tries to reassure the child that sleep is really a fine thing43.38.Si METHOD AND APPARATUS FOR BONE
to do. Schematics and mechanical drawings complete the picture.—MK SENSING

6,760,276 Peter V. Boesen, Des Moines, lowat al.
22 June 2004(Class 381326); filed 10 July 2001

During the past few years there has been renewed interest in bone
I conduction audio pickup for two-way communications systems. This patent

Gerald S. Karr, Los Angeles,_Cahfornla asserts that existing bone conduction sensors have a number of limitations

6 July 2004 (Class 367197); filed 11 February 2000 resulting from their general size and shape. A nonocclusive design is de-

This astounding patent argues that by generating tones, a simplscribed that is small in size yet provides increased contact area. The inven-
thresholding receiver can be used to control devices at the end of the tranten includes means for detecting when the sensor has been displaced and
mission channele.g., radio or telephoneFirst, this is essentially a primi-  for compensating for such displacement.—GLA

43.38.Md ACOUSTIC SIGNALING SYSTEM
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43.38.Si NECKPHONE

6,763,119

Chun-Bong Lee, assignor to Neckphone Company,
Limited

13 July 2004 (Class 381385); filed in the Republic of Korea
27 May 2000

Small loudspeakers and electronic circuitry can be housed in a flexible,
fabric-covered housing that is draped around the user’s neck like a locker
room towel. The proximity of the speakers to the listener’s ears can produce
surprisingly good stereo reproduction. The arrangement described has bee
available for more than 20 years, but in this patent it is put to a different use.
For 360° sound immersion, frontal sound sources are reproduced througt
conventional loudspeakers but rear sources are reproduced through neck
phone speakers. The patent asserts that this hybrid arrangement can produr
convincing surround sound in a restricted listening area, making it well
suited to computer gaming.—GLA

6,781,933

43.38.Vk PSEUDO MULTI-CHANNEL STEREO
PLAY-BACK

Satomi Shigaki, assignor to NEC Corporation
24 August 2004(Class 36947.1); filed in Japan 15 December 1997

The patent describes a method of playing standard 5.1 surround pr vyhlch he attributes depth and breadth.” There is certainly more than a bit of
C{]ruth here.—JME

gram material over two loudspeakers, such as you would find in the normal
laptop computer or in a conventional television set. There are by now scores

of such schemes for doing this, ranging all the way from utter simplicity to 6,778,814
very complex, finely tuned, HRTF-intensive realizations. This one appears
to be more or less mid-way on the continuum.—IME 43.38.WI WIRELESS MICROPHONE APPARATUS

AND TRANSMITTER DEVICE FOR A
WIRELESS MICROPHONE

Yukinaga Koike, assignor to Circuit Design, Incorporated
17 August 2004(Class 45%95); filed in Japan 28 December 1999

The patent describes a miniature wireless microphone system, com-
plete with complementary pre- and de-emphasis and signal companding,
whose transmitter is no larger than a conventional Canon XLR microphone
connector. The system is intended for business purposes and as such will be

6,782,104 operated alone and, apparently, not in an environment of multiple adjacent
43.38.Vk METHOD AND DEVICE INTENDED FOR 800 MHz
THE PICKING UP OF SOUNDS, FOR THEIR o oo . -
RECORDING AND THEIR PLAY-BACK, AND \\ ”\“ 18 0
REPRODUCING THE NATURAL SENSATION OF A 2 — m‘my/ \ "
SOUND SPACE .Signal lr;Dut C:fuit :E?gjff;er \ H‘AQS;’;%:SE: Bar&?';gra s

fication Circuit Q3 2s
Georges Claude Vieilledent, assignor to ARKAMYS Am;:'f FhS3:§'7 ’ \ bW
24 August 2004(Class 38126); filed in France 31 December 1998 174 }-J 120 134
18 D
This fanciful patent describes stereo-on-a-stick, as it were, in which a SAW Resonator with Band of 800 MHz

wand with a baffled pair of microphones at the end can be moved angvireless channels. Its rf power output is about 10 mW, operating frequency
manipulated, apparently for “reproducing the natural sensation of a soungs stated as “about 800 MHz,” and battery life is stated as 10 h. The oscil-
space.” What is clearly being sought here is a clear distinction with conven{ating element is a surface acoustic wave oscillator. If the system is carefully
tional stereo, “which artificially reconstitutes for the listener, by uncon- shielded—in both directions—it should enjoy great success in many busi-
scious analogy with stored memories, the atmosphere of a concert hall toess functions.—IME
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6,763,310 6,752,425
43.40.At MODAL ANALYSIS METHOD AND 43.40.Tm SEMI-ACTIVE CONTROL OF
APPARATUS THEREFOR AUTOMOTIVE STEERING SYSTEM VIBRATION

WITH MAGNETO-RHEOLOGICAL DAMPING

Francois Lafleur et al, assignors to Centre de Recherche

Industrielle du Québec ) Wei-Yi Loh et al, assignors to Ford Global Technologies, LLC
13 July 2004(Class 70233); filed 13 May 2002 22 June 2004(Class 280779); filed 30 October 2002
Environmental stress screening of printed circuit boards for quality A damper, according to this patent, in essence consists of a disc that is

control in manufacturing is accomplished by subjecting each circuit board tQffixed to the steering wheel shaft and located in a housing filled with a
a predetermined sound field and determining the resonant frequencies apghgnetorheological fluid. The disc’s circumference is somewnhat like that of
damping factors associated with its main vibration modes. The circuit boarg, gear and the disc contains orifices, so that the fluid can act on the disc’s
is mounted on a fixture which supports a number of microphones and ftational and actual motions. Electrical coils can activate or deactivate the
single accelerometer is affixed to the circuit board adjacent to one of thenagnetorheological fluid in response to a controller signal, derived by com-

microphones. The outputs of all microphones and of the accelerometer af®aring a steering wheel vibration signal to a predetermined threshold
subjected to Fourier analysis and used to determine frequency-respongg|ue —EEU

functions, from which the modal characteristics are computed on the basis
of a multiple-input single-output model.—EEU

6,752,899 6,763,921

43.40.Le ACOUSTIC MICROBALANCE FOR IN-SITU ~ 43.40.Tm REDUCED-VIBRATION TUBE ARRAY
DEPOSITION PROCESS MONITORING AND Gerald J. Bruck and Daniel R. Bartolomeo, assignors to Siemens

CONTROL Westinghouse Power Corporation
20 July 2004(Class 188379); filed 13 September 2002

In tube assemblies, such as heat exchangers, where external bracing of

22In‘;:0rp0£ggej(c| 156345.24: filed 16 J 2002 tubes may interfere with flow across the tube exteriors, flow-induced vibra-
une ass =9, e anuary tions of tubes are reduced by dampers located inside the tubes. Dampers

Metal film deposition is an important step in the manufacture of semi-according to this patent consist of strips that may be helical, for example,

conductors. If the gradually increasing thickness of the metal could be acand that are situated in a tube essentially so as to not make contact with the

curately measurei situ, then the process could be terminated at exactly theinterior of the tube when it does not vibrate. At some locations along the

right time. The patent explains that experimental work with a resonantube, the clearance between certain points on the strips and the tube interior

quartz microbalance has not proved successful. Instead, an acoustic m# very small so that contact is made when the tube vibrates, resulting in

crobalance is proposed that can be placed in a deposition chamber. Thamping of the tube vibrations.—EEU

microbalance can be any device or material in which the frequency or

propagation speed of an acoustic wave varies with the thickness of a depos-

iting film. “Data from the acoustic microbalance is employed to detect a

process endpoint, determine an adjustment to processing conditions..., 6.755.094

and/or provide feedback control over current processing conditions.”—GLA ’ '

43.40.Tm ANTI-NOISE GEAR

Bhanwar Singh et al, assignors to Advanced Micro Devices,

6,752,039 Winfried Rehle et al, assignors to Agco GmbH & Company
43.40.Tm SHOCK-ABSORBED VEHICLE STEERING e Must 2006 Hiadifledin the Unied Kngdom

WHEEL

A disc of damping material is fastened coaxially to the face of a gear.
This disc is of a material with a Young’s modulus comparable to that of the
gear’'s material. Mechanical fastening means, such as press fitting, retaining
rings, or screws are employed, so that no adhesive is necessary.—EEU

Martin Kreuzer et al, assignors to TRW Automotive Safety
Systems GmbH & Company KG
22 June 2004(Class 74552); filed in Germany 8 March 2001

The rim of a steering wheel, according to this patent, is connected to
its shaft via a resilient arrangement, whose stiffness can be changed in

response to a control signal derived on the basis of a steering-column vibra- 6.763.794
tion signal. The resilient arrangement may include a magnetorheological or ! !
electrotheological fluid —EEU 43.40.Tm VIBRATION SOUND REDUCING DEVICE,
AND PROCESS FOR ASSEMBLING ELASTIC
6,752,250 MEMBRANE IN VIBRATION SOUND REDUCING
DEVICE
43.40.Tm SHOCK, VIBRATION AND ACOUSTIC
ISOLATION SYSTEM Terukazu Torikai et al., assignors to Honda Giken Kogyo
Kabushiki Kaisha
Edward T. Tanner, assignor to Northrop Grumman Corporation 20 July 2004 (Class 123192.J); filed in Japan 14 November 1997
22 June 2004(Class 188267); filed 27 September 2001
The isolation system of this patent employs an elastic element for In a system where vibration and noise are produced by pressure pulses

vibration isolation in mechanical parallel with an actively controlled damperin a liquid, a flexible membrane is provided to release the pressure in the
for shock attenuation. The damper force is optimized via a controller toliquid, thereby reducing the exciting forces. The concept and devices de-
which are input signals from a payload acceleration sensor and/or fronscribed in this patent are applicable to automotive engines, where piston slap
measurement of the displacement of the payload relative to the base.—EEldduces pressure pulses in the cooling water, for example.—EEU
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43.40.Vn ELEVATOR VIBRATION REDUCTION
APPARATUS INCLUDING A DEAD BAND FILTER

6,763,917 The patent further discusses refinements in the technique to ensure quick
and positive identification of the talker’s position.—IME

6,776,786

Kenji Utsunomiya et al,, assignors to Mitsubishi Denki Kabushiki
Kaisha
20 July 2004 (Class 187292); filed 10 October 2002 43.64.Yp EARPICK

The vertical and/or horizontal vibrations of an elevator cab are sensed Yongup Kim, assignor to Soo-Hee Kim
by accelerometers and reduced by means of actuators that are made to acton 17 August 2004(Class 606162); filed in the Republic of Korea
the basis of signals generated by a controller. The actuators are located 26 February 2002
between the cab and the elevator rails, between the cab and guide rollers that L .
ride on the rails, or between the cab and a frame that is attached to the guide An_earp|ck IS used to clean out earwax _from the audltor)_/ canal. A
rollers. A dead-band filter is used in the control circuit, with a dead band tha{:onvenuonal earpick has a scoop-shaped portion that substantially scrapes

corresponds to the noise floor of the accelerometers. The control system 9&" the Earwax. Igl this prlosose?] dr?SIgdrI]’ thedearplck |nc|uc|jes a handle, a
reset when the cab stops, as determined from a stop-signal generator.—EI':SLlJpport ar movably coupled to the handle, and an earwax-cleaning segment
coupled to the support bar. When the earpick enters and contacts the inner

6,757,620

43.40.Yqg METHOD FOR EXAMINING STRUCTURES
HAVING HIGH NATURAL VIBRATION

FREQUENCY USING ALTERNATING MANUAL
VIBRATION-EXCITING METHOD

Sung Won Yoon and Sang Keun Oh, assignors to Seoul National
University of Technology 4
29 June 2004(Class 70233); filed 5 December 2002

A building can be made to vibrate measurably at its horizontal natural
frequency by people atop it pushing in a synchronized manner. However,
people cannot push at frequencies greater than about 2.5 Hz. In order tc
excite a building with a higher natural frequency, two groups of people pustwall of the auditory canal, the support bar moves within the handle. The
at half the natural frequency, alternating with each other, in unison withearwax-cleaning segment has a fairly ring-shaped cross-section. The patent
sounds generated by a two-beat metronome or the like. Damping is detemaintains that the new design lessens the possibility of damaging the audi-
mined by the log decrement method, using measured signals obtained aftery canal and eardrum.—DRR
the pushing is stopped.—EEU

6,776,258 6,768,798

43.55.Ev ACOUSTIC BLANKET SYSTEM 43.66.Pn METHOD OF CUSTOMIZING HRTF TO

o b, Grossk 4 Brett . pi . 0 Lockheed IMPROVE THE AUDIO EXPERIENCE THROUGH
uane D. Grosskrueger and Brett E. Pisor, assignors to Lockhee
Martin Corporation A SERIES OF TEST SOUNDS

17 August 2004(Class 181294); filed 28 December 2001 Morgan James Dempsey, assignor to Koninklijke Philips

This acoustic blanket system comprises a Polyimide foam interior Electronics N.V.
panel encased by carbon Teflon impregnated glass fiber cover materials. The 27 July 2004 (Class 38117); filed 19 November 1997
cover materials are heat-sealed at their perimeter to form a lightweight blan- . e
; . . HRTFs derived from artificial head measurements may represent a
ket that can accept a variety of fastening systems. The blanket is to be use%

. ; est fit” for the population at large but lack the precision afforded by
on space vehicles to protect payloads from the acoustic energy of the rocke . L2 ) S ) .
engine.—CJR customized measurements on individual subjects. This intelligently written

patent describes a method of making a limited set of localization measure-
ments on a subject which are then used to effectively modify the generic
6,774,934 HRTF set to achieve a customized set for that subject—JME

43.60.Jn SIGNAL LOCALIZATION ARRANGEMENT

Harm J. W. Belt and Cornelis P. Janse, assignors to Koninklijke 6,771,778
Philips Electronics N.V.

10 August 2004 (Class 348211.0); filed in the European Patent 43.66.Pn METHOD AND SIGNAL PROCESSING
Office 11 November 1998 DEVICE FOR CONVERTING STEREO SIGNALS FOR

While the problems of hands-free identification and gating of audioHEADPHONE LISTENING
signals were solved more than 30 years ago, it seems that similar problems . . . . .
in video identification of who’s actually talking have not been so easily Ole Kirkeby, assignor to NOk'a_ 'V'O,b"e 'Phones Limited
solved. The patent deals with conference systems and the desire to extend 3 August 2004(Class 38117); filed in Finland 29 September 2000
hands-free operation to include video camera management. Two or more
microphones are used to sense the position of the talker, and the relative = Most methods that have been used over the years for converting stereo
delays at the microphones are used to “zero in” on the position of the talkersignals for binaural headphone listening have relied on a fairly simple model
and determine the required position and aiming of the camera accordinglypf two-way crosstalk that, to a first approximation, models what actually
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happens in nature. This patent proposes a scheme in which several signa o V.4
directed gain and delay variations are introduced into the crosstalk paths FILTER D?T)E(E:%R COMHLTEESSION
apparently to make the effect more “real” than nature itself. —IME 304, 3050 306,
7
the compression settings when these environments are encountered again.—
DAP
6,768,801

43.66.Ts HEARING AID HAVING IMPROVED
SPEECH INTELLIGIBILITY DUE TO FREQUENCY-
6,763,116 SELECTIVE SIGNAL PROCESSING, AND

43.66.Ts HEARING AID AND OPERATING METHOD METHOD FOR OPERATING SAME

THEREFOR WITH CONTROL DEPENDENT ON Frank Wagner and Fred Zoels, assignors to Siemens
THE NOISE CONTENT OF THE INCOMING AUDIO Aktiengesellschaft
SIGNAL 27 July 2004 (Class 381312); filed in Germany 24 July 1998

A multiband filter separates the input signal into several channels. In
Roland Barthel and Torsten Niederdrank, assignors to Siemens each channel, a decision is made about whether the signals present are
Audiologische Technik GmbH speech or noise. The presence of speech is sensed by detecting whether a
13 July 2004(Class 381312); filed in Germany 24 September 2001 sudden level increase has resulted in a brief peak. The type of speech signal,
for example, vowels or consonants, is inferred by calculating derivatives,

Digital mobile phones and other electrical and magnetic disturbance§?@Xima, and minima. If speech is thought to be present in a particular
are sources of interference for hearing aids. The acoustic input signal to thgh@nnel, the signal in that channel may be boosted for the duration of the
hearing aid is analyzed for noise content and for the purpose of identifyingPeech signal.—DAP
the source of the disturbance. Based on this knowledge, the hearing aid can
be automatically switched into a mode with parameter settings that mini- 6,768,802
mize the detrimental effect of the noise.—DAP

43.66.Ts BINAURAL SYNCHRONIZATION

Herbert Baechler, assignor to Phonak AG
27 July 2004 (Class 381315); filed in the World IPO
15 October 1999

A methodology is described to synchronize the settings of the two
hearing aids in a binaural fitting via wireless transmission without using a
remote control. Synchronization may be initiated manually with a switch or
automatically based on acoustic environment analysis. The two hearing aids
6,754,355 can be configured to communicate as master and slave or both hearing aids

can operate in the same active transmission mode.—DAP
43.66.Ts DIGITAL HEARING DEVICE, METHOD

AND SYSTEM 6,754 356
Trudy D. Stetzler et al, assignors to Texas Instruments
Incorporated 43.66.Ts TWO-STAGE ADAPTIVE FEEDBACK
22 June 2004(Class 38194.2); filed 7 December 2000 CANCELLATION SCHEME FOR HEARING

A digital hearing device employs speech detectors in several channell:,]\lSTFuJMENTS
to identify the acoustic environment surrounding the wearer. The outputs of .
the speech detectors are used to modify the coefficients of compression Fa-Long Luo et al, assignors t_o GN ReSound AS
filters which selectively govern the amount of attenuation or amplification 22 June 2004(Class 381318); filed 6 October 2000
provided in given frequency regions depending on whether speech or noise  Some adaptive feedback rejection algorithms used in current hearing
is present. The speech detectors may store parameters associated with c@ds are set up by training during the fitting session. These systems that also
tain acoustic environments, enabling the system to automatically reconfiguretilize constrained adaptive filtering for preventing problems with narrow-
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FEEOBACK PATH w0 6,782,110
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43.66.Ts METHOD AND DIGITAL HEARING DEVICE
FOR DETECTING AND/OR REMOVING
ERRORS ARISING IN THE TRANSMISSION AND

SPEECH FmsTTmsemsssssosssosoncsoceoosooooooenes '
e i /% b so STORAGE OF DATA
- “a P !
s | 'r‘|‘< ofn) HEATING din) L SREAER | Ullrich Sigwanz and Fred Zoels, assignors to Siemens
|- PROGESSING | Audiologische Technik GmbH
! M e ! 24 August 2004(Class 381312); filed in Germany 11 August 1997
3 /[ E
’ ADAPTIVE | vin) | OO 3 A technique is described for performing error detection and correction
; FILTER ; for data transmissions within and to hearing aids. For example, during hear-
e et : ing aid programming, errors that may occur while downloading data from a
band inputs may have the disadvantage that they can't provide cancellatidAC into permanent memory in the hearing aid could be detected, triggering
in the presence of large variations of the acoustic feedback path that are HEARING
produced, for example, by bringing a telephone handset close to the ear 1 DEVICE
Disclosed is a two-stage feedback canceller consisting of the constrainec HOUSING /\/ /\/ 3
adaptive filtering as well as an adaptive gain modification for normalizing 2 \
gain.—DAP !
PROCESSOR
4
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A,
7
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g,.%%ﬁ:( '\J— | | Bl | I B MEMORY
ELEMENT }
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6,778,674 . s o
ELEMENT
43.66.Ts HEARING ASSIST DEVICE WITH ELga'gNT ——
DIRECTIONAL DETECTION AND SOUND
OPERATING
MODIFICATION INTERFACE KEY
9 7

Carl M. Panasik et al, assignors to Texas Instruments a program restart or shut down, or data retransmission. Error checking using

Incorporated ) P ) . . o
) checksums and error correction within the hearing aid saves time by elimi-
17 August 2004(Class 381313); filed 28 December 1999 nating time consuming data readback to the pc.—DAP
A methodology is described for suppressing undesired sounds and im-
proving the localization ability of hearing assistive device wearers. Two

spacially separated microphones each provide pickup of at least two sound 6,735,566
sources, for example, one W|th'|n and the others outside a specified desw%jo_Aj GENERATING REALISTIC FACIAL
,_/-AX ANIMATION FROM SPEECH
/‘E Matthew E. Brand, assignor to Mitsubishi Electric
a9 1 Research Laboratories, Incorporated
{ 11 May 2004 (Class 704256); filed 9 October 1998
AXQQ EP1 P2 /. S2 Y This is a scheme for improving the quality of the facial displays cre-
\ T 1 ‘/ T 0 o fv NN ated to accompany a previously recorded sound track. Whereas previous
-— -—— — -——— e — — o —— . —— [t ol o . . . . . .
LA talking face generators have used an intermediate phonemic or visemic rep-
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sound pickup area relative to the wearer. The microphone signals may be? Q —

sent to a remote processor via wireless means. After processing to suppres
the undesired signals, the resultant is provided via wireless means to @esentation, the plan here is to directly compute the relevant facial changes
speaker in or near the wearer’s ear canals.—DAP based on a hidden Markov model trained with visual features of the head
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and face movements. The argument is that the relevant dynamics of facidtions. With emphasis on the detection of periodicities, the method is re-
movement are thus captured and more directly related to the audio patterngortedly able to detect formant structure as well as pitch periods. The figure
The result is said to be applicable to either realistic image synthesis oshows the periodicity structure as computed for the Dutch phrase, “nul, een,

cartoon images.—DLR twee, drie."—DLR
6,729,882 6,732,142
43.70.Jt PHONETIC INSTRUCTIONAL DATABASE 43.72.Ja METHOD AND APPARATUS FOR
COMPUTER DEVICE FOR TEACHING THE AUDIBLE PRESENTATION OF WEB PAGE
SOUND PATTERNS OF ENGLISH CONTENT
Thomas F. Noble, Newbury Park, California Cary Lee Bateset al,, assignors to International Business
4 May 2004 (Class 434167); filed 9 August 2001 Machines Corporation

Based primarily on a syllabified English lexical database, this com- 4 May 2004 (Class 709203, filed 25 January 2000

puter system provides a comprehensive tool for learning and teaching the  The patent covers an application for speech systhesis in which a se-

structure and pronunciation of English words. Using typical database tooldgcted portion of the computer screen is announced verbally while the user is

a student or teacher can quickly produce pattern lists, structural charts, aforking elsewhere, or perhaps concentrating on another portion of the

audio output from selected word lists or syllable patterns. A creative usescreen. The announcements may be selectably triggered at fixed time inter-

might see how these outputs could be useful in learning more about theals, upon content changes, or by other criteria. Comparing this to working

English language.—DLR while listening to music or other background, the patent argues that the
scheme can improve concentration on the main task while keeping the user
informed of a side issue.—DLR

6,745,155

43.72.Ar METHODS AND APPARATUSES FOR 6,738,457
SIGNAL ANALYSIS 43.72.Ja VOICE PROCESSING SYSTEM

Tjeerd Catharinus Andringa et al, assignors to Hug Speech
Technologies B.V.

1 June 2004(Class 702189); filed in the Netherlands
5 November 1999

John Brian Pickering and Graham Hugh Tuttle, assignors to
International Business Machines Corporation
18 May 2004 (Class 37988.19; filed in the United Kingdom

27 October 1999
The patent describes, in considerable, but readable, detail, a set of

procedures for analyzing the spectral content of a periodic or quasiperiodic . This voice processor, |ntend_ed primarily for use in a telephone_vome
mail system, would extract analysis parameters from one recorded voice and

use those parameters to resynthsize a second recording using voice charac-
teristics from the speaker of the first recording. The method is described
using examples from linear prediction analysis, although other analysis
methods would also be covered by the patent.—DLR

6,732,074

43.72.Ne DEVICE FOR SPEECH RECOGNITION
WITH DICTIONARY UPDATING

Period in ms

Masaru Kuroda, assignor to Ricoh Company, Limited
4 May 2004 (Class 704244); filed in Japan 28 January 1999

This system for training a speaker-dependent speech recognizer com-
pares each pronunication of a word with the pattern stored in a speaker-
independent reference dictionary. A new speaker-dependent word model is
then stored. If the new word pattern is close to the existing pattern, the
speaker need not pronounce additional examples of that word. The novel
feature here is that a second comparison checks only the vowels. The argu-
ment is made that if just the vowels are updated, a satisfactory pattern can be
produced with fewer spoken samples, easing the user’s training burden.—
DLR

6,738,741

43.72.Ne SEGMENTATION TECHNIQUE
INCREASING THE ACTIVE VOCABULARY OF
SPEECH RECOGNIZERS

Period in ms

Ossama Emam and Siegfried Kunzmann, assignors to
International Business Machines Corporation
Time in ms 18 May 2004 (Class 704251); filed in the European Patent Office

signal using a model of the basilar membrame and associated innervation as 28 August 1998
the underlying methodology. The basilar model itself consists of 100 filters The system described here essentially uses prefix and suffix analyses
ranging from 30 to 6100 Hz. The processing makes extensive use of corrée extend the vocabulary of a speech recognizer. The description uses ex-

0
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amples from German speech, which has a large inventory of affixed words. St
It is not clear what distinguishes this approach from the numerous prior
applications of affix structure for recognition vocabularies.—DLR 102 ‘4/100
AD
Sin]
6,741,963 104 106 108
DTW-SI DTW-SD HMM
éi(?zil;e METHOD OF MANAGING A SPEECH ENGINE ENGINE ENGINE

L |

Daniel E. Badtet al, assignors to International Business Machines

Corporation
25 May 2004 (Class 704270); filed 21 June 2000
. ) . MAPPING
It seems to this reviewer that the patented system is an elaborate ant MODULE
cumbersome addition to a speech recognizer intended to overcome an elabc
rate and cumbersome mode of operation. A cache of recognized phrase l 110
would retain information about the recognized items, in this case, destina-

tions to be used in an automobile navigation system. Since the originagines combined include both speaker-independent and speaker-dependent
recognizer design requires a detailed set of attributes to be laboriously addetynamic time warping and hidden Markov model systems.—DAP

to each recognized item, a cache would allow those details to be retained,

once entered. Most of the patent deals with cache mechanics, importance of

entries and their frequency of use, and arrangements for purging an over- 6,753,466

flowing cache. All of this is managed by more speech input.—DLR

43.75.Gh ELECTRONIC PROGRAMMABLE SYSTEM
FOR PLAYING STRINGED INSTRUMENTS AND
METHOD OF USING SAME

Day Sun Lee, Long Beach, California
22 June 2004(Class 84669); filed 16 October 2000

Essentially, the inventor wants to turn fretted multistringed instruments
into autoharps. The patent lays out how to construct a multisolenoid actuator
6,754,626 12 that is placed over the fretboard. The controlBérhas a chordal inter-
43.72.Ne CREATING A HIERARCHICAL TREE OF
LANGUAGE MODELS FOR A DIALOG
SYSTEM BASED ON PROMPT AND DIALOG
CONTEXT

20

Mark E. Epstein, assignor to International Business Machines
Corporation
22 June 2004(Class 704235); filed 1 March 2001

In speech-to-text systems, new data reflecting a user’'s changed dicta
tion style may not significantly alter the behavior of the speech recognition
system if a large amount of data already exists in a language model. Dis-
closed is a method of creating a hierarchy of contextual models that are
organized into a treelike structure for use in converting speech to text.—face. The string activatiofplucking, strummingis left to the usefjust like
DAP an autoharp—MK

6,753,467

43.75.Hi SIMPLE ELECTRONIC MUSICAL
INSTRUMENT, PLAYER'S CONSOLE AND SIGNAL
PROCESSING SYSTEM INCORPORATED

6,754,629 THEREIN

So Tanaka and Minoru Harada, assignors to Yamaha Corporation

43.72.Ne SYSTEM AND METHOD FOR AUTOMATIC 22 June 2004(Class 84723); filed in Japan 27 September 2001
VOICE RECOGNITION USING MAPPING

The title is a clear example of obfuscation: This is an electronic drum.
Yingyong Qi et al, assignors to Qualcomm Incorporated Simple electronic drums use switches or thresholding _t_o ge_nerate drum
22 June 2004(Cla.:ss 704248): filed 8 September 2000 events. The patent describes several different head de6igpigding the

’ use of switches for rimshatsand different front end processing circuits.
A method is described for combining the results of different speechElectronic drum makers will find the figures interesting but the text awk-
recognition engines and resolving differences between them. Types of etward and turgid. —MK
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6,765,142 Max (Puckette, 19911 Additionally, MPEG-4 is given short shrift. Windows
hackers will appreciate the Visual Basic script in Appendix A.—MK

43.75.Mn ELECTRONIC KEYBOARD MUSICAL
INSTRUMENT

Shinya Sakuradaet al, assignors to Yamaha Corporation
20 July 2004 (Class 84719); filed in Japan 15 January 2002 6,762,357
Once again, the issue is the effective re-creation of the acoustic piano

action in an electronic or synthetic piafor synthesizer As shown, a key 43.75.Wx RESONANCE APPARATUS, RESONANCE
1is depressed, eventually causing the switch depregsitmact againstthe METHOD AND COMPUTER PROGRAM FOR
RESONANCE PROCESSING

Yutaka Washiyama and Seiji Okamoto, assignors to Kawai
Musical Instruments Manufacturing Company, Limited
13 July 2004 (Class 84603); filed in Japan 17 April 2001

In 1983, Karplus and Strong published a simple string synthesis algo-
rithm that uses a recirculating delay line with filtering. This was also pat-
2d ented(Unites States Patent 4,649,788 1987. Now, Kawai introduces a
tiny wrinkle, the use of an FIR filter. But this was more than ably analyzed
and discussed by Jaffe and Smith in 1983. Finally, the lack of DSP analysis
of the algorithm is disappointing in the extreme.—MK

switches3. Note the mass for the hammaf and the restoration spring
The switches are an assembly of three separate switches and an algorithm
for using their output is given in the patent figures.—MK

6,780,159
6,756,534
43.80.Jz ACOUSTIC DETECTION OF VASCULAR
43.75.St MUSIC PUZZLE PLATFORM CONDITIONS
Alexander Gimpelsonet al, assignors to Quaint Interactive, Richard H. Sandler and Hussein A. Mansy, assignors to
Incorporated Biomedical Acoustic Research Corporation
29 June 2004(Class 84610); filed 8 August 2002 24 August 2004(Class 600504); filed 15 January 2002

The inventors propose a musical jigjaw puzzle: tracks or instruments Acoustic detection techniques are used in this apparatus to measure
are presented to the user for final assembly into a whole musical piece. Tgibrations or sounds generated by blood flowing through @vterial-
add complexity, slightly altered tracks(“distractions”) are also  venou$ access shunts, arteries, and/or veins and to process these measured
included.—MK vibrations or sound in order to diagnose the internal condition of the shunts,
arteries and/or veins. The system generates spectral information from the
vibration information, calculates a spectral parameter based on the spectral

6,754,351

43.75.Wx MUSIC APPARATUS WITH DYNAMIC
CHANGE OF EFFECTS

Ryoji Tanji, assignor to Yamaha Corporation
22 June 2004(Class 38161); filed in Japan 22 May 1997

It is well known that a DSP microprocessor can run out of processing
cycles if the demands are too high. In this patent, filed in 1997, Yamaha
claims to have invented a way to turn off the various signal processing
sections in the firmware by manual control. Given that DSPs had been
around for 36- years at the time of filing, their claim of originality is indeed
dubious.—MK

2 Converter 48
6,757,573 \ } /
43.75.Wx METHOD AND SYSTEM FOR AUTHORING Display [« Processor r«+| Memory
A SOUNDSCAPE FOR A MEDIA APPLICATION l N AN
40
Eric Ledoux et al, assignors to Microsoft Corporation . 8
29 June 2004(Class 70094); filed 2 November 1999 Printer

How can a naive user create a changing sound environment? The \44
Microsoft team proposes a Windows™ based tool that uses a graph witmformation and detects vascular condition based on the spectral parameter.
triggers that control graph traversal, much like a Petri net. Unfortunately, théThe method may be used to locate a vascular blockage and to assess the
inventors seem ignorant of the existing graphical sound score editors likelegree of blockage. The acoustic detection techniques may be applied to

J. Acoust. Soc. Am., Vol. 117, No. 1, January 2005 Reviews of Acoustical Patents 33



SOUNDINGS

detect blockages, to detect stenosis within renal arteries, provide for earlgenerate, in response to the received waves, electrical signals indicative of
detection of abdominal aortic aneurysms, facilitate salvage of femoraltimes of flight of the waves.—DRR
poplitical bypass graft, etc.—DRR

6,776,766
43.80.Qf METHOD AND APPARATUS FOR
6,770,035 CHARACTERIZING GASTROINTESTINAL SOUNDS
43.80.Qf ULTRASOUND IMAGING GUIDEWIRE Richard H. Sandler and Hussein A. Mansy, assignors to
WITH STATIC CENTRAL CORE AND TIP Rush-Presbyterian—St. Luke’s Medical Center

17 August 2004(Class 600587); filed 9 October 2002

e . This apparatus for characterizing gastrointestinal sounds includes a
Scientific Corporation i ) microphone array that is positioned on the body. The microphone signals are
3 August 2004(Class 600463); filed 1 April 2003 digitized and a processor determines the spectra and duration. A character-
The device is an extension of United States Patents 5,951,480 anc /
6,171,250. It consists of an ultrasound imaging guidewire featuring a de-
tachable guidewire body and a stationary central core. The goal of the de-
vice is to provide multiposition, ultrasonic imaging without loss of correct
guidewire positioning and also to simplify the guidewire procedure. The
guidewire consists of a static central core and an imaging guidewire. The
acoustical scanning device can be rotated to yield 360° acoustical images o

David A. White and W. Martin Belef, assignors to Boston

46
a site of interest within the patient’s body. The imaging guidewire alsoization as to the status of the gastrointestinal tract is developed on the basis
includes a connector that allows the guidewire body to be disengaged frofif the spectra and the duration of the sound or event—DRR

the static central core tip so that the body can be axially translated to obtain

multiposition images. The translation may be done without losing the origi-

nal guidewire positioning because the static central core maintains its posi- 6,780,154

tion within the patient’s body.—DRR
43.80.Qf SEGMENTED HANDHELD MEDICAL
ULTRASOUND SYSTEM AND METHOD

6,773,402
43.80.Qf LOCATION SENSING WITH REAL-TIME R?tha: I;.'C}-cl)trjg;rztteac:., assignors to Siemens Medical Solutions

ULTRASOUND IMAGING 24 August 2004(Class 600446); filed 14 January 2003

A portable medical ultrasound system is segmented, i.e., divided up
Incorporated @nto parts, SO that_ its portabilit_y may be enhancec_i. Ultrasound _data, s_uch as
10 August 2004(Class 600459); filed 19 February 2002 image data in a video format, is wirelessly transmltt‘ed to a multi-use dlsplay
device from a handheld ultrasound portable device. Any one of various
This apparatus for mapping surfaces of a cavity within the body of amulti-use display devices may be utilized, for example, PDAs, tablet com-
patient includes an elongated probe with a longitudinal axis and a distaputers, laptop computers, or desktop computers. The handheld portion of the
portion adapted for insertion in the cavity of a patient. A primary acousticsystem houses a transducer and an ultrasound processor in communication
transducer on the distal portion of the probe emits acoustic waves within thgith the transducers. The multi-use display devices, used separately, receive
body cavity. A number of secondary acoustic transducers, deployed alongata wirelessly from the ultrasound processor—DRR

Assaf Govari and llya Beletsky, assignors to Biosense,

6,773,409

43.80.Sh SURGICAL SYSTEM FOR APPLYING
ULTRASONIC ENERGY TO TISSUE

Csaba Truckai et al, assignors to SURGRx LLC
10 August 2004(Class 6012); filed 19 September 2001

. I—' »
The device is a surgical instrument with paired jaws that deliver ther-

[ EZ2N

X mal energy to the engaged tissue to create an effective seal or weld in the
the longitudinal axis over the distal portion of the probe, are adapted tdissue. The device applies highly compressive forces to engaged tissue to-
receive the acoustic waves after reflection from the cavity surfaces and tgether with the application of ultrasonic energy from two opposing sides of
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the tissue. The apparatus incorporates an ultrasound transmission assembly
including piezoelectric elements coupled to an elongated waveguide. The

SOUNDINGS

tions of the material disposed between each source and the target region.
The patent asserts that this noninvasive surgical procedure enables better
focusing of ultrasound beams onto tumorous or cancerous tissues that can
then be ablated without significant damage to surrounding healthy tissue.—

DRR

6,778,848

43.80.Sh DEVICE FOR THE ULTRASONIC
THERAPY OF A FEMALE BREAST WITH PARALLEL
SOUND DIRECTION

Mario Bechtold et al,, assignors to Siemens Aktiengesellschaft
17 August 2004(Class 600411); filed in Germany 14 October 1997

reciprocatable waveguide assembly is designed to function in multiple ways:

(a) by coupling ultrasound energy to both opposing jaws to deliver acoustic This device is contoured to provide ultrasonic therapy to the female
energy to both sides of engaged tissues to create uniform stress thermiadeast. The breast is inserted into a container filled with a liquid mixture to
welds,(b) by applying very high compressive forces to captured tissues ovepromote good acoustic coupling. An ultrasonic transducer emits sound into

the length of the elongate jaws, afg) by transecting the captured tissues

together with delivery of energy to create the thermal weld. The patent also
describes the possible uses of other energy sources to deliver thermal energ
to tissue, e.g., microwave energy, rf energy, and laser energy, either in com-

bination with ultrasound or independently.—DRR

6,770,031
43.80.Sh ULTRASOUND THERAPY

Kullervo Hynynen and Gregory T. Clement, assignors to Brigham

and Women'’s Hospital, Incorporated
3 August 2004(Class 60p437); filed 26 August 2002

35
4
7

the breast in a limited region. The region, in the positive and negative

directions of rotation, as related to the plane of the patient’'s body, covers
angles of up to 50°. In the preferred embodiment, a compression pad and a

~ This is a sort of a multi-channel system which delivers ultrasoundpgsitioning-fixing membrane are provided for fixing the position of the
signals to provide an image of at least a portion of a patient to providegyreast—DRR

identification of physical characteristics of different layers of the material

G
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6,776,758
43.80.Vj RFI-PROTECTED ULTRASOUND PROBE

Michael Eugene Peszynsket al., assignors to Koninklijke Philips
Electronics N.V.
17 August 2004(Class 600437); filed 11 October 2002

The patent relates to the protection of ultrasonic probes from electro-
magnetic or radio frequency interference. The ultrasonic imaging system
includes an electromagnetically protected ultrasound transesophageal
echocardiographyTEE) probe, a display for showing ultrasound images, a
housing containing a transducer connector, and a computer for processing
the echo signals. The TEE probe features a probe housing including an

between the ultrasound sources and the region to be treated. A spectiahage sensor, an outer acoustic lens, a cable interconnect, an internal metal
propagation analysis determines phase and amplitude corrections for thehield that surrounds the sensor and cable interconnect, and a cable contain-
sources depending upon the respective physical characteristics of the pang electrical connectors and electromagnetic cable shielding. The electrical
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48 49 4 9 avoided by forming multiple receive beams in areas illuminated by indi-
30 vidual transmit beams.—RCW

42

-‘. lm 40
" 6,773,400

38 43.80.Vj NONINVASIVE TRANSCRANIAL DOPPLER
il ULTRASOUND FACE AND OBJECT

46 RECOGNITION TESTING SYSTEM

34

Philip Chidi Njemanze, Owerri, Imo, Nigeria
10 August 2004(Class 600454); filed 1 April 2002

Two probes placed on the temples are focused on corresponding right
and left cerebral arteries of a subject. A so-called laterality index is com-
puted for the arteries. The laterality index and other information is displayed
28 ’ in real time along with a diagram being shown to the subject to elicit
responses.—RCW

36
6,775,404

43.80.Vj APPARATUS AND METHOD FOR
INTERACTIVE 3D REGISTRATION OF
ULTRASOUND AND MAGNETIC RESONANCE
IMAGES BASED ON A MAGNETIC POSITION
SENSOR

26

Niko Pagoulatoset al, assignors to University of Washington
10 August 2004(Class 382154); filed 15 March 2000

An intraoperative ultrasound imaging system is combined with a ster-
eotactic system. In the combination, two-dimensional ultrasound and three-
dimensional magnetic resonance images are interactively registered. The
registration is based on tracking a magnetic sensor that is mounted on an

24 ultrasound probe.—RCW

conductors are electrically connected to the cable interconnect at one end
and, together with cable shielding, to a transducer at the other end.—DRR

6,770,033 6,776,760
43.80.Vj IMAGING METHOD AND DEVICE USING 43.80.Vj MULTI-MODE PROCESSING FOR
SHEARING WAVES ULTRASONIC IMAGING

et Fin et a, assignors 1o Socits  Elasiogaphie
I(rggtlgsl\l/loEn)nelle pour les Systemes de Mesure de I'Elasticite 17 August 2004(Class 600448); filed 5 March 2003
3 August 2004(Class 60@443); filed in France 15 March 1999 Images that show different tissue types are produced by using matches

Pulse shear waves in a viscoelastic medium are visualized by firsf”thm a database containing information about different characteristics of

transmitting ultrasonic compression waves at a very high rate to obtain
succession of images and then correlating the resulting images to determine
movement of the medium where the shear wave is propagating.—RCW

6,773,399

6,780,152

43.80.Vj BLOCK-SWITCHING IN ULTRASOUND

IMAGING 43.80.Vj METHOD AND APPARATUS FOR
ULTRASOUND IMAGING OF THE HEART

issue types.—RCW

Xufeng Xi et al, assignors to Zonare Medical Systems,

Incorporated Kutay F. Ustiiner et al, assignors to Acuson Corporation
10 August 2004(Class 600443); filed 20 October 2001 24 August 2004(Class 600443); filed 26 June 2002
Selected sets of ultrasound transducer elements are used to produce a Heart images are formed from multiple sets of ultrasound data ac-
beam. The beam is scanned by shifting by more than one elefinleck- quired and processed using different imaging parameters. The parameters,

switching between the steps in the scanning process. Loss of resolution isuch as array position, temporal-frequency response, or transmit focal depth,
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have either laterally or axially different spatial spectra. Sets of images dur- 802
ing one cardiac cycle are temporally aligned with sets of images obtained
using a different parameter set during another cardiac cycle.—RCW

6,780,157

43.80.Vj METHOD AND APPARATUS FOR
ULTRASONIC IMAGING

ol HEEIE TR RSN NN

Douglas N. Stephens and Matthew O’Donnell, assignors to e

Volcano Therapeutics, Incorporated

24 August 2004(Class 600466); filed 18 June 2002 ness extensional mode. The other section operates in a length extensional
An ultrasound transducer array contains elements in which an acoustimode. These modes of operation enable the transducer elements to provide
discontinuity is cut to produce two sections. One section operates in a thickoth forward-looking and side-looking beams.—RCW
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Time delays in coupled multibubble systems (L)
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Energy and Thermofluids Engineering, CSIRO Manufacturing and Infrastructure Technology, P.O. Box 56,
Highett, Melbourne VIC 3190, Australia

Andrew Ooi®
Department of Mechanical and Manufacturing Engineering, University of Melbourne, VIC 3010,
Melbourne, Australia

(Received 5 July 2004; revised 5 October 2004; accepted 7 Octobey 2004

Damping constants of free oscillations of coupled gas bubbles change considerably when time
delays due to the finite speed of sound in the surrounding liquid are taken into account. This effect
is illustrated analytically by the example of a two-bubble system and numerically by the example of

a bubble chain. By comparing the numerical data with experimental measurements, it is shown that
allowing for time delays considerably improves agreement between theory and experiment.
© 2005 Acoustical Society of AmericdDOI: 10.1121/1.1828573

PACS numbers: 43.20.Ks, 43.30.0xJS] Pages: 47-50

I. INTRODUCTION et al, 2001; Chanson and Manasseh, 2003e present pa-

per shows that in the context of simulating such processes,
The purpose of this paper is to draw attention to thetime delay plays a very important role.

effect of time delays on free oscillations of a system of

coupled gas bubbles in a liquid. Time delay arises from the

finite speed of SOL_m_d propagatlop in the |IQUId3 or, in other“_ EQUATIONS OF FREE OSCILLATIONS OF A

words, from the -ﬂmte compr.essmlhty. of the .|IQUId. AS & \ULTIBUBBLE SYSTEM

result, the acoustic pressure field that is experienced by each

bubble in the system due to oscillations of all the other  Classically, small free-radial oscillations df coupled

bubbles, and which provides acoustic coupling between thbubbles are described by the following equatidinsighton,

bubbles, is a time-retarded field. The literature on this topicl994:

is devoted mainly to investigating forced oscillations which

. . 2
are caused by an external acoustic fiéfekuillade, 2001; Xn(1) F @nodnXn(t) + @noXn(t)

Hsiao et al, 2001); or time-averaged radiation forces be- N RZ, .
tween two bubbles which are known as secondary Bjerknes =- 2 R d Xm(1),
forces(Doinikov and Zavtrak, 1997; Mettiat al, 2000; Do- M n noTnm

inikov, 200]). In these cases, the effect considered in the n=1..N o)
present paper does not manifest itself distinctly. However, e
there are many applications, such as feedback measurememtbere x,(t) is the small change in the radius of timeh
of industrial aerators, emission of sound by submarines, océsubble, w,o, 6,, and R,y are the resonant angular fre-
anic bubble dynamics, etc., where it is the free oscillations ofjuency, the total damping constant, and the equilibrium ra-
multibubble systems that are the subject of inte®tm-  dius of thenth bubble, respectively, and},, is the distance
phrey and Crum, 1990; Boyd and Varley, 2001; Manasselbetween the centers of theth and mth bubbles. However,
these equations hold only for an incompressible liquid. For a
a o o compressible liquid, with a finite speed of sound propaga-
b)E'li‘;ﬁg?,}E 2;',} ﬂg:q”;'ﬁgﬁ';‘;?;ﬂs@ﬁfsymau tion, they take the forniFujikawa and Takahira, 1986; Met-
9Electronic mail: a.ooi@unimelb.edu.au tin et al,, 2000
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Xn(t) + @noSnXn(t) + @ZXn(1)

S
m=1 Rnonm
m#n

where ¢ is the sound speed in the surrounding liquid. It

should also be mentioned that in both E¢b. and (2), the

Xm(t—d,m/c), n=1,...N, (2)

)

i.e., the lower-frequency mode has a lower damping coeffi-
cient than the higher-frequency mode. This result is well
known in the literature and reproduced here only for the
purpose of further comparing with results of the next subsec-
tion.

w1<wy, a;<a,

separation distances between bubbles are assumed to be large

compared to the bubble radid,>R,q. In the next sec-

tions, predictions of these two models are compared for the

cases of a two-bubble system and a bubble chain.

IIl. TWO-BUBBLE SYSTEM

. With time delays

For the same case of two equal bubbles, ERsgive
(8a)
(8b)

X1(1) +bXq (1) + wfxy (t) = — EXy(t—7),

Xo(1) + bXo(t) + wiXa(t) = — EXq (t— 1),

Let us first consider a system that consists of two intefyherer=d/c. For 7<T,, whereTy=2m/wg, X,(t—7) can

lytically.
A. Without time delays
For the case of two equal bubbles, E¢b. give

X1(1) + Xy (1) + wdxy (1) = — EXa(1), (39

Xo(1) +bhXo(t) + w3x,(t) = — EXy (1), (3b)

whereb=wqd, 6= 6,+ &+ 5, is the total damping constant
which includes the radiation&), thermal (,), and viscous
(4,) dissipation, ant=R,/d, whereRy=R;p=R,, andd
=d4,. Expressions for the damping constaéts 6;, ands,
can be found in Clay and Medwifl977, and will not be
repeated here.

Solutions to Egs(3) are sought as
n=1,2. (4)

Substituting Eqs(4) into Egs.(3), and operating in the stan-

Xp(t)=a, exp(ivt),

dard way, one obtains the following two eigenvalues of sys

tem (3):
_ib+ 2w 1+ E—5%74
V1= 2(1+ é:) ’ (53)
_ib+2w1-E—5%4

Note that, mathematically, it is more correct to dall and
iv, the eigenvalues of Eq$3). However, in the present pa-
per it is more convenient to apply this termitpandv,, and
we will do this below. Note also that Eq&3) have actually

5-(n(t_ T)%;(n(t) - Xn(t) 7.

(€)

Introducing this approximation will increase the order of
Egs.(8). In order to perform eigenanalysis, it would be de-
sirable to first reduce the order of E®) to be the same as
the original equations, i.e., Eqg&). To do this, it is evident
from Egs.(8) that

Xn(t)= = bXq(t) — 0hXn(1). (10)

Recall that the spacing between the bubbles is assumed to be
large compared to their size, i&<1. It follows that the term
— &p(t—17) can be neglected in Eq10) as the right-hand
sides of Eqs(8), into which Egs.(9) and (10) will be sub-

stituted, are already of the first orderg§nDifferentiating Eq.

(10), one finds

Xn(t) =~ = bn(t) — woXn(t). (11)
Substituting Eq(11) into Eq.(9), one obtains
Xn(t—7)~(1+b7)X,(1) + T0dXn(1). (12)

Finally, substitution of Eq(12) into Egs.(8) yields

X1(t) +bXq (1) + 03X, (1) + w8 Xo(t) + E(1+b7)X,(1) =0,
(1339
Xo() + bXo(1) + 03Xo(1) + w8 X1 (1) + £(1+b7)X, (1) =0.
(13b
Solutions to Eqs(13) are sought as before in the form of
Egs.(4). This leads to

2 —ibv—wi=*[iwgd v—(&+ 88,)v2). (14)

four eigenvalues but the other two are simply complex con-

jugates tai v, andiv, and therefore they are not given here
to save space.

It is convenient to represemt, asv,= w,+ia,, where
w, is then the eigenfrequency ag is the damping coeffi-
cient of the eigenmode corresponding to the eigenvajue

From Egs.(5), one then obtains
_ V1+ 5_5 /4 _ (1)05 6
wl_wOTg! a1_2(1+§)1 ( a)
V1— g_ 514 (1)05
W= W, A= : (6b)
1-¢ 2(1-9)

These equations show that

48 J. Acoust. Soc. Am., Vol. 117, No. 1, January 2005

Taking the plus sign in front of the right-hand side, one finds
the first eigenvalue

_iwg( 8+ 8,)+ 2w 1+ E+ 58, — (5+ 6,)°14

1 2(1+ &£+ 66, . (19
which yields
N1+ E+65,—(5+6,)°14
@1 @o 1+ £+ 66, !
wo( 5+ 6,)
21+ é+060,) (16

With the minus sign, one obtains

Doinikov et al.: Letters to the Editor
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FIG. 1. Variation of damping coefficients with number of bubbles with no FIG. 2. Variation of damping coefficients with number of bubbles when
time delays. The host liquid is water, the gas within the bubbles is air, thdime delays are present. Parameters are the same as in Fig. 1. The two open
equilibrium bubble radiu®,= 3.5 mm, and the separation distance between circles show predictions of the approximate equatid and(18).

the bubblesAz=32.1 mm.

Numerical simulations were done for air bubbles in wa-
iwo(6— 8,)+2wo\1—&—86,— (86— 6,)%14 ter. The equilibrium radius of the bubbl&; and the sepa-
V2= 2(1—&— 60, » (17 ration distance between the bubbldg were set toR,
=3.5mm andAz=32.1 mm, respectively. These values cor-
respond to experiments by Manasstlal. (2004 as detailed
V1= ¢€=66,—(6—0,)%4 in the next section. The damping co-efficientg of ten
modes that were calculated by Ed4) (i.e., without time

and correspondingly

W= Wq

1=¢= 00 delays are shown in Fig. 1. This figure displays how the
wo(8—6;) damping coefficients vary as the number of the bubbles in
Y27 o1—¢— 85,)" (18 the chain is increased. It is seen that the higher the eigenfre-

quency, the higher the damping coefficient, and that all of
them decrease as the number of the bubbles is increased. The
01<wy, a;>as, (19) damping coefficients calculated by Eq®) (i.e., with time
delays are shown in Fig. 2. The two open circles were ob-

- _ _ 2 - . e
provided thaid>d; = 5c/(wo(1—67)), i.e., there is a criti-  3ina4 from the approximate equatiofi$) and(18) and are
cal bubble spacing above which damping becomes higher f%iven for comparison. The plots in Fig. 2 are clearly different

the Iower-frequgncy_ modg. Thus, i_ncorporating time delayfrom those in Fig. 1. The damping coefficient of the lowest
reverses the situation with damping so that the loweryqqency mode, mode 1, is much higher than those of all the
frequency mode has a higher damping coefficient and henG&,er modes and increases rapidly with increasing number of
should subside faster. the bubbles. Figure 3 shows a scaled-up plot of the damping
coefficients for modes 2 to 10. It is seen that the magnitudes

One can see from these equations that

IV. BUBBLE CHAIN

In this section, Eqs(1) and (2) are applied to a bubble — 561
chain. It is assumed that all bubbles are of equal size and o, Mode 2
equally spaced. The eigenvalues of both systems are com- € 54
puted in the following manner. Equatidd) is substituted :8
into, for example, systerfil). This leads to a homogeneous E 52
system of linear algebraic equations in the unknowps o
The determinant of the system is then calculated and set = 50
equal to zero. In doing so, we get the characteristic equation §
of the system as a function of The eigenvalues of the 3
system are calculated as roots of the characteristic equation. 484 /5
The difference between systerfly and (2) is that the char- 1 45677 g9 10
acteristic equation of the former is a polynomial of degree BT T T
2N in », while that of the latter is a nonlinear equation in 2 4 6 8 10 12
terms of the unknowrv. Calculations were conducted by Number of bubbles, N
using FORTRAN routines from the program packag@SL  FiG. 3. variation of damping coefficients with number of bubbles when

MATH/LIBRARY . time delays are present: Enlarged view for modes 2 to 10 in Fig. 2.
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with the experimental data. The initial equilibrium radius of
the bubbles and the separation distance between them were
set toRy=3.5mm andAz=32.1 mm, respectively. In addi-
tion, it is assumed that the initial radial velocity of the bot-
tom bubble isR(t=0)=9 mm/s, while that of all the other
bubbles is equal to zero. The solid line in Fig. 4 shows the
numerical data obtained by solving Eq8). The numerical
prediction using Eqs(1) with similar initial conditions is
shown by the dashed line. It is seen that allowing for time
delays provides a better agreement with experiment data.

- -
[e2) [=2]
N T Y

-
i
P

RMS pressure [Pa]
>
L 1 1 1

0,8
06—- ° ° VI. CONCLUSIONS
— It has been shown theoretically by the examples of a
0.0 0.1 0.2 03 0.4 two-bubble system and a bubble chain that time delays due
Vertical height above nozzle [m] to the finite compressibility of the surrounding liquid consid-

FIG. 4. Experimental and model vertical rms pressure along a vertical Iineerably Change the damplng coefficients of the elgeandeS of

0.06 m from the nozzle axis for a 16-bubble chain. Experimental daia & CouDled. mUItibUbble. system, in particular reversmg. the
circles were adopted from Manasseh al. (2004. The dashed line is the trend of higher damping for higher frequencies, provided
numerical result without time delay and the solid line is the numerical resulthypples are further than a critical distance. The change is
with time delay. such that the lowest frequency mode acquires the highest

. o ) ) damping coefficient, while the damping coefficients of all the
of the damping coefficients are fairly close, espec;lally for th%ther modes are much smaller and close to one another. It
higher-frequency modes. They do not appear to increase sigis also been shown by comparison of numerical and experi-
nificantly with increasingN. In other words, comparing Figs. mental results that the time-delay model provides a better
1 and 2, one can say that time delays result in a strongqyreement with experiment. This gives confidence that the
suppression of the lowest frequency mode and an equalizgegicted change in the behavior of the damping coefficients
tion of the damping of all the other modes. by the time-delay model is a physical phenomenon.

V. COMPARISON WITH EXPERIMENT Boyd, J. W. R., and Varley, J200)). “The uses of passive measurement of

N . . acoustic emissions from chemical engineering processes,” Chem. Eng.
The significance of time delays is well demonstrated by g 56 1749_1767. 9 9P ¢

comparing predictions of Eq¢l) and (2) with experiments  Chanson, H., and Manasseh, @003. “Air entrainment processes of a
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The overtone structure of acoustic fluctuations due to harmonic
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Explicit relations are derived between the acoustic pressure and a sound speed that is periodic. They
are derived for the Pekeris waveguide, and extended to the range and depth-dependent adiabatic
mode/WKB case. As expected, acoustic pressure is found to fluctuate at the sound speed
fundamental and its overtones. A Pekeris model simulation qualitatively agrees with the intensity
fluctuation spectrum from a range and depth-dependent parabolic eqUREpisimulation of a

shelf edge experiment off the New Jersey coast. In this paper we show that the energy of the higher
overtones can be significant and derive a modulation index that determines the factors that
contribute to the overtone energy. 2905 Acoustical Society of America.

[DOI: 10.1121/1.1789999

PACS numbers: 43.30.Re, 43.30.ByLS] Pages: 51-54

I. INTRODUCTION view, one must ask if higher overtones can be generated from
a well-defined sound speed, how energetic can they be, and if
Our purpose in this paper is to derive an explicit rela-the higher overtone energy is significant, what are the factors
tionship between acoustic pressure and geotime for an oceahat drive the spectrum to them? Without knowing the an-
where the sound speed undergoes periodic variations such swer to these questions, measurements and model simula-
generated by long wavelength internal tides. Since fluctuations are problematic. For example, for modeling, what time
tions in acoustic transmissions have been extensively studiestep should be chosen in order not to alias the higher har-
from different points of view, a brief review of only the monic energy?
studies most germane to this work is given below. In the paper we derive a modulation index for the Pek-
The effect of geostrophic flow on sound speed anceris waveguide that determines the factors that drive the in-
thereby on the intensity and phase of acoustic transmissioensity spectrum to higher harmonics. Although in the paper
has been analyzed by Jacobsairal~* These authors used we focus on a simple tidal variation in sound speed, the
ray theory, and considered long range transmission in thapproach can be extended to more general ocean processes.
deep ocean over times of typically days. Intensity variations
due to .tldal depth changes found by Bhere S|m|lar_to Il THE GEOTIME-DEPENDENT WAVEGUIDE
those discussed below for shallow water. An expression for
intensity variations derived by Portefor the problem in In this section, the expression for the geotime-dependent
Ref. 1 has the same form as E8§) below for normal modes Pekeris waveguide is derived, and extended to the WKB
in shallow water. The discussion below goes further and exease. The complex pressure for the trapped modes in the
plicitly derives the harmonic structure of acoustic fluctua-Pekeris waveguide is given lRef. 7, Eq. 5.14%

tions, which is the topic of the present paper. /4 N WPy

In 2000 an acoustic experiment was performed in the P(r z)= "2 sin(kP-z)sin(kP-z "
New Jersey Bight off the East Coast of the United Sttes. prir.2) P ngl n SINKanZo) SiNizr2) VKkbr
part of the experiment, the acoustic transmissions were along (H)

the continental shelf. As discussed in Ref. 6, the spectrum %herepp(r 2), kP, kP are the complex pressure, and verti-
1 1 zZNn? n )

tr;]e acguitlchtransm}ssm? rtllm(;[zem_as Iatj'854.r? '}'Z glearl}éal and horizontal wave numbers for the Pekeris waveguide,
S owel ft € armo[r__ncs_oz iozz ! g’ mcg |nhgt € funda- respectively. The factof', is a function of water column
mental frequency,Fo(=2. cpd) and the overtones, density,p, ocean bottom density, water deplhsound speed

F1(24'2.188 cpd) anch(.=6.3281 cpd). . . in water,C(t), ocean bottom sound speed, acoustic angular
In this paper a geotime-dependent Pekeris equation i equency.o, and the vertical wavenumbed”
derived, and extended to the range- and depth-dependent Only 'Eh(ye time dependence &7 is dienrived since it

adiabatic mode/WKB model. The spectrum from the Pekeris i o
equation is compared to a PE simulation to show that th&ccounts for nearly all the fluctuation energy. The coefficient

overtone structure holds in a range- and depth-dependeff this factor on the right-hand side of EGl) accounts for
waveguide. only fractions of a decibel in fluctuation energy.

Although the harmonic structure of acoustic intensity .~ 1he vertical wave number for the Pekeris waveguide is
fluctuations may be obvious from a mathematical point of9iven by (Ref. 7, Eq. 5.14p
n—1/2)
p VDT _Sn_m_ o @

3E|ectronic mail: bob.field@nrlssc.navy.mil - h 2h 2h’
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where the superscripR, denotes the corresponding wave ® ®

number for the rigid waveguide. The phase factgy, for Kid=kR +| k3 — —"O> "g : (6)

the nth mode, is an implicit function of the sound speed and 4h/2n Kno

time (Ref. 7, Eq. 5.138 is the first-order square root approximatiorkffevaluated at
The square of the horizontal wave number for the PekC, and

eris waveguide is K7)?=(w/C(t))>— (k)2 The sound

speed as a function of tim€(t), can be written as P KR (Pn0> o 2 rA
C(t)=Co(1+AC/Cy)=Cy+A cost, 3) 'n " 2n ) 2h T C3KR) )

where C, is the average valueA is a constant, and)  The complex exponential term of E(l) becomes

=27wFy, whereF, is the frequency of the ocean sound

speed. SincAC/Cy<1 even for large sound speed fluctua- eiksr:eik.ﬁéfe*”scosm

tions, C(t) can be expanded in a binomial series, keeping b

only the zeroth- and first-order terms. Again using the bino- =e'*no" coqI | cog Qt))—i sin(I} cog Q)] (8)

mial expansion, the Pekeris horizontal wave number can b‘f’he acoustic pressure is frequency modulated by the time-

written as dependent part of the sound speed with a modulation index

) ) given bylrﬁ’. Using Bessel identities for the terms in the

KP= kR, kzn<Pn ¢n 0°AC @ square bracket, Eq8) become$

|<nO 2h gz C}

wherekf; is the value ok evaluated aC=C,. The phase,
on(C), can be expanded in a Taylor series abOyfor each .
mode. Denotinge,(C) by ¢n, ¢x(Co) by ¢no, ande;(Co) . o p
by ¢, (Where the prime denotes the derivative with respect ! 2;0 (=1 Jz1a(ln)cog (21 + 1)Ot] | (-
to C), one can write

enf—e'kéfH ")+22 —1)'3,(1 coiZIQt)}

Substituting this expression in E¢Ll) and changing the or-

P P1 p ders of summation we get the explicit, time-dependent ex-
kir=Kk;or —1; cosQt, (5 . . .
pression relating the complex acoustic pressure to the sound
where speed,

pP(r,zt)=

V2l ™ [ | e , SINKGZ0)SiN(K;02) 1
— 11 & T N elkno"Jo(17)
- n0

Nmax - sin( k> 0z0)sin(k02)

22 (—1) cog210t) E 2, N "‘solrJz.(lﬁ)l
nO

Nimax sm(k z)sm(k Z)
—{|22< D' cog(21+1)0t] 3, T, ”"JE? 0% k0" 4(17) ©)

The time-independent terrr]i‘io, kzno, andk are all evalu- Egs. (6) and (7), Eq. (9) reduces to the geotime-dependent
ated at the average sound spe€yd, Equat|on(9) clearly  rigid waveguide.
shows that the complex acoustic pressure can be expressed An extension of the above results to the depth and
as a sum of harmonics of the fundamental ocean frequenaynge-dependent adiabatic mode/WKB model is straightfor-
Q. ward, and is sketched below. The expression for the acoustic
It must be pointed out that Eq1) is computationally  pressure in the adiabatic mode/WKB model is very similar to
more efficient than Eq(9). The purpose of deriving Eq9)  that for the Pekeris waveguide given in Efj) [Ref. 7, Ap-
has been to explicitly relate sound speed to acoustic fluctuggendix A, Eq.(A25) and Ref. 9. The major difference is that
tions. The main result of the derivation is the modulationthe quantityk,'?r in the Pekeris case is replaced by the inte-
index, I,'?, given in Eq.(7). As IE increases, the acoustic gral fodr’ k,(r’) in the WKB model. For long-wavelength
energy fluctuates more at the higher harmonic$gf For ~ ocean processes it is reasonable to assume that the sound
very weak modulationl,,~0, the higher-order Bessel func- speed at a given range is a smooth function of time. Then the
tions vanish, the zeroth-order Bessel function is 1, and Edocal horizontal wave number for th@h mode can also be
(9) reduces to Eq(l). If the phase terms are set to zero in expected to be a smooth function of time, and the wave
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number can be expanded in a Fourier seliéghe integral of  eters used are as follows: bathymetry at the soul@® m,
the modal wavenumber over the range can be written as bathymetry at the receiverl44 m, source—receiver range
% =9715 m, source deptl23 m, receiver depth56 m, bot-
frdf'kn(f’.t)=Ano(r)/2+ S A, (r)cogmQt) tom speee1800 m/s, bottom density2.0 g/cnd, oceano-
0 m=1 graphic frequency,F;=2.0cpd, and acoustic frequency
- =854.5 Hz. In the Pekeris calculation the average sound
; speed at the thermocline, 1517 m/s, and the water depth at
+m2:l Bon(F)sin(mélt), (10 the source, 132 m, were used.

Figure Xa) shows the synthetic sound speed as a func-
tion of depth and time used for the PE simulation. Figure
1(b) shows the corresponding geotime variations of the
acoustic intensity |@|?) in linear units(not decibely, calcu-
lated by PE and by Eq$l) and(9). Each time series has its
exd —il Ecos{Qt)], (11 mean subtracted and the result normalized. Figure 2 shows

whereA, (1) =[6dr’ anm(r'), Bum(r)=/5dr"bon(r'), and
a,m(r) andb,(r) are the Fourier coefficients. In the Pek-
eris case, the exiir) term (except for a constant phase
factorn is

as given in Eq(8). The corresponding term in the adiabatic/
WKB model is

-

exp{i 2_1 Anm(r)cogmOt) +i 2_‘,1 Bnm(r)sin(mQt)}
(12)

|

=4
7]
L

i
The only difference between expressigh$) and(12) is
that the former contains just one sinusoidal function, while §
2

zed Amplitude

the latter contains a sum of sinusoidal functions. Therefore,g
the harmonic structure of acoustic fluctuations is expected tcZ
hold in range- and depth-dependent waveguides.

——

s

T T T T t

0 4 6 8 10 12 14 16 18 20
IIl. SIMULATION RESULTS Cycles/day

0

Results from_ a PE simulation of the experiment in Ref. 6pig. 2. Normalized spectra of a four-day intensity time series, PE simula-
are compared with results from Eq4) and(9). The param- tion (solid), Eq. (1) (dashed and Eq.(9) (gray.
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FIG. 3. (a) Normalized intensity spectra as a function
of depth from the PE simulatior(Black=high inten-
sity, white=low intensity) Most of the acoustic energy

is trapped between 50 m and the bott¢44 m). The
harmonic structure holds regardless of defth.Nor-
malized intensity spectra as a function of range com-
puted from Eq.(1). (Black=high intensity, white=low
intensity) As the range increases, the modulation be-
comes stronger, driving the spectra to higher harmonic
components. At 25 km, significant overtones occur at
and beyond 24 cpd, corresponding to time scales of less
than one hour.
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The energetics and the stability of free transverse vibration of an axially moving string are
investigated based on the Kirchhoff nonlinear model. The model is derived in a physically
meaningful manner. The time-rate of the total mechanical energy associated with the vibration is
calculated to show that the energy is not conserved. It is proved that there exists a conserved
guantity that remains a constant during the nonlinear vibration. The conserved quantity is applied to
verify the Lyapunov stability of the axially moving Kirchhoff string. ®005 Acoustical Society of
America. [DOI: 10.1121/1.181031]0

PACS numbers: 43.40.CINGM] Pages: 55-58

I. INTROUCTION lyzed the energetics and defined a conserved quaftity.
However, there has been no research on energetics and con-
Axially moving strings can represent many engineeringserved quantities for the Kirchhoff nonlinear strings. Be-
devices such as power transmission belts, plastic films, magsides, the stability of the straight equilibrium configuration of
netic tapes, paper sheets, and textile fidérEnergetics and a string with subcritical axial speed has not been proved
stability are of considerable interest in the study of axiallyrigorously, although it is well known. To address the lack of
moving strings. research in these aspects, this paper deals with the energetics
The total mechanical energy associated with axiallyand the stability of Kirchhoff nonlinear strings.
moving string is not constant when the strings travel between  In this work, the energetics and the stability of axially
two supports. Chubachi first discussed periodicity of the enmoving Kirchhoff strings are investigated. A physical inter-
ergy transfer in an axially moving strifgVliranker analyzed pretation of the Kirchhoff model is presented so that the total
energetics of an axially moving string and derived an expresenergy associated with an axially moving string can be de-
sion for the time rate of change of the string enétjyickert  fined accordingly. The time-rate of the energy change is cal-
and Mote pointed out that Miranker’s expression representsulated under given boundary conditions. A conserved quan-
the local rate of change only because it neglected the energity is constructed. As an application, the conserved quantity
flux at the supports, and they presented the temporal varias used to prove that the straight equilibrium configuration of
tion of the total energy related to the local rate of changean axially moving string is stable in the Lyapunov sense on
through the application of the one-dimensional transporthe condition that the axial speed is less than the critical
theorent They also calculated the temporal variation of en-speed.
ergy associated with modes of moving strings. Renshaw ex-
amined _the Cr_lange of the total me_chanlca! energy pf twch_ ON KIRCHHOFF'S MODEL
prototypical winching problems, which provided strikingly
different examples of energy flux at a fixed orifice of an Consider a uniform axially moving string of linear den-
axially moving systeni.Lee and Mote presented a general-sity p, cross-sectional ared, and initial tensionP,. The
ized treatment of energetics of axially moving strifg@en-  string travels at the constant and uniform axial transport
shaw, Rahn, Wickert, and Mote defined a conserved quantitypeedV between two boundaries separated by distance
for axially moving string$ Zhu and Ni investigated energet- The distance from the left boundary is measured by fixed
ics of axially moving strings with arbitrarily varying Ieng?h. axial coordinatex, and time is denoted by The transverse
Both energy and conserved quantities are potentiallylisplacement of the string is given by the variable,t) in
useful for analysis of stability, design of controllers, and de-the sense that(x,t) describes the displacement of the string
velopment and validation of numerical algorithms. However,element instantaneously located xaeven though different
all aforementioned research on energy and conserved quamaterial elements occupy that position at different times.
tities for axially moving strings is confined to linear models. The equation of motion in the transverse direction can
Kirchhoff proposed a nonlinear integro-differential equationbe derived from Newton’s second law,
for nontranslating strings, which considers the significant
tension variation due to the transverse displacertfelote P(U i+ 2V Ut VAU 0) =[(Pot+ POGE) U, @
developed a nonlinear differential equation governing transwhere a comma precedingor t denotes partial differentia-
verse vibration of axially moving string$.Based on Mote’s  tion with respect to or t, and the dynamic tensioR(x,t),
nonlinear model of axially moving strings, Chen and Zu ana+esulted from the transverse displacement, is connected with
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the perturbed stress(x,t) by the relationship L(p
5:J S[V2+ (U +Vu,)?]
P(x,t)=Ac(x,t). (2 2 ’ ’
The Lagrangian strain 1 EAJL ) )
+ = | Pot+ =— | usdx|us;dx. 9
e =3u5 3 270720 Jo ) } ©

is used to account for geometric nonlinearity due to small but ~ The time rate of change of the energy is

finite stretching of the string. For a linear elastic string, the de La(p
perturbed stress is proportional to the Lagrangian strain E:f _t[z[v2+(u't+vux)2]
through the constitutive relation 0d
= 1 EA (L
o=Ee, (4) +5| Pot ZJ u’, dx) u?X] dx, (10
whereE is Young’'s modulus. 0

Substitution of Eqs(2)—(4) leads to Mote’s model of \yhere the order of differentiation and integration can be in-

axially moving string* terchanged as the limit of integration is time independent.
p(u,tt+2VU,tx+V2u,xx)_POu,xx_ %EAuzxu =0. (5 fSome mathematical manipulations cast Efj0) into the
o orm

If the spatial variation of the dynamic tension is rather

.de L
tser?gl(;r:hen one can use the averaged value of the dynamic = fo (U e+ VU] pU e+ 2pVU 4
— 1 (L EA rL
P(t)=_ . P(x,t)dx (6) +| pV2—Py— o, U5, dX | U 4 [dX

to approximate the exact value given by E®). In this case,

the dynamic tension is a function of time alone, and is inde- +
pendent of the spatial coordinate. Substitution of E8s-

(4) and(6) into Eq. (1) yields the Kirchhoff nonlinear model

of axially moving strings: tuy

2V Pe-pver 22 [Fiz x|
5 V| Fomp 20 Jo U@ U

EA (L,
Po—pV2+ Zu"‘fo us dx|u,

EA L
U ¢+ 2V U i+ V2U o)) — PoU 4 — =—U f u? dx 1 L EA (L L
p( tt X ,xx) 0Yxx™ 5 Yaxx 0 X . Epvu,t n Z u?x de U U ¢ dx. (11)
0 (7) 0 0 0
) . ) Consider the string constrained by the motionless end,
The Kirchhoff model(7) can be derived from Carrier’s
nonlinear model of strinds and its counterpart of axially u(0t)=0, u(L,t)=0. (12)

moving strings-*®> The derivation is based on the integra- Thenu =0 at both ends. Substitution of Eq§) and (12)

tion of the axial strain and the longitudinal displacementinto Eq. (11) gives the time-rate of energy change
from the equation of longitudinal motion under the quasi-

static assumption, which can be found in the cases of non- d_f,’: EV — V24 E_A Lo dx |u2 L
. . . . . 0~ P us dx |uslg

translating string€ and axially translating bead.That deri- at 2 2L Jo ‘

vation seems more rigorous mathematically, while the EA (L .

present manner is more explicatory physically. + o, U,Zx dxjo U U X (13
Equation(13) indicates that the time-rate of energy change is

Ill. ENERGETICS generally not zero. Therefore, the energy of the string is not
conserved.

Consider the total mechanical energy in a specified spa-
tial domain, the span (D). The total mechanical energy
consists of the kinetic energy of all material particles and thdV. CONSERVED QUANTITY
potential energy due to the initial tension and the disturbed

tension caused by the transverse motion Although the energy is not a constant in nonlinear vibra-

tion of axially moving strings, there does exist an alternative
quantity that is conserved under fixed boundary conditions.
For nonlinear transverse vibration of the axially moving

) ) ] string, governed by Eq(7) and constrained by condition
whereu +Vu, is the absolute velocity of the material par- (12) the quantity defined by

ticle atx in the transverse direction and includes both local 1 EA
. L
and convective components. Based on Egs-(4) and (6), BU,ZtJF E(PO—PVZ)U,ZX+ u?xf U,Zx dx}dx

_JL P 2 2
E= [E[V +(u+Vu,)“]+[Po+P(t)]Je dx, (8)
0

L
the energy can be expressed by the transverse displacement - fo 2 8L 0
as (14
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is invariant during the vibration. Evaluation of the temporal L, L[ x 2
differentiation f u (t,X)dX=f JO u,dx| dx
di Ldlp , 1 L X
= — U+ = — rV2) 2 2
dt fo at| 2 Z(PO PV $f0 \/;fou'xdx ox
EA L 2L2 rL
2 2
+ ﬁu"‘jo u’, dx [dx (15 =3, u? dx. (22)
leads to Notice that under the conditiaf18), Po— pv2>0. Equations
g (20), (21), and(14) result in
L
a:J’ Ut pU it 2pVU iy L1
0 [u(x,t)||?= fo Euz(x,t)+Lu?X(x,t) dx
A (L
2
+ — —_——
pV°—P, oL J'Ouxdx)uXX dx 5L (L, 5L 5 Up
<3 u,des?—zj S Ui
EA J~|_ , g L 0 PO—pV 0
+luy 57U us, dx—pVu 16
,t 2L X 0 X P ,t ( ) 1 s EA . L ,
0 + E(Po—pv Just Eu'xf u’ dx | dx
0
Hence Egs.(7) and (12) result in d/dt=0. It should be
pointed out thatl is not conserved for moving boundary 10L1
conditions, andl is invariant only for an axially moving :—3(P —pVZ)' (22)
0

string with two fixed ends. It should be remarked that the

conserved quantity defined here is based on the same pris | is a constant during the vibration, its value can be cal-
ciple as its counterpart in the linear cdse. culated at the initial time

|:JL Bbz(x)+ E(F> —pV?a'?(x)
V. STABILITY 0|2 2\ 70 F

The conserved quantity will be used to demonstrate the
stability of the straight equilibrium configuration of a string
moving with subcritical axial speed. Actually, the following
proposition will be proved. The definition of the norm leads to

For the solutionu(x,t) of Eq. (7) under the boundary
condition(12) and the initial conditions

EA L
+ —a’z(x)f a’?(x)dx |dx. (23
8L 0

L L
| £o2000c= oo,
0
u(x,0)=a(x), u(x,00=b(x), (17
L
if the axial speed is under the critical speed, namely, J %(Po—pvz)a'Z(X)dX$ %(Po—Pvz)Ha(X)H. (24)
0
Po
ven/e (18) LEA L
p —a'z(x)f a’?(x)dx dx
0 8L 0
then forte[0,+c0],

A JL 2 2 EA )
= ! =— .
L2 : ar| |, a2000x| =grllacol
luexvll= 25— Ib™l+ 32kl
(Po=pV?) Hence the conserved quantity4) has the estimation
5EA

2 L 1 EA
latol A9 =T b0l + 5 (Po— pVAllat] + 5 lat)2

(25

+ e —
12(Py—pV?)L?

where the norm for a functiohon[0,L] is defined by

L1
- |
0

Efz(x)+Lf’2(x)

Then inequality(19) holds as the result of inequaliti€22)
and(25).
Inequality (19) means that the resulting vibration of a
small initial disturbance will be small. Hence, the straight
In fact, the Holder inequality and the homogeneousequilibrium configuration of an axially moving Kirchhoff
boundary conditions give string is stable in the Lyapunov sense.

dx. (20
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Discrimination of first- and second-order regular intervals
from random intervals as a function of high-pass filter
cutoff frequency (L)
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This study extends the work of Kaernbach and DempghyAcoust. Soc. Am104, 2998—-2306

(1998] in which regular interval stimuli(RIS) click trains with first-order intervals could be
discriminated from randome-interval click trains, but RIS with second-order intervals could not.
Kaernbach and Demany concluded that their results cast doubt on autocorrelation as a method of
analysis for such stimuli. The present study investigated the same stimuli, but for a variety of filter
conditions. The results suggest that while RIS click trains with first-order intervals are more easily
discriminated from random-interval stimuli than second-order interval RIS click trains,
discrimination based on second-order intervals is possible except when the stimuli are high-pass
filtered above 8 kHz, i.e., above the spectral region of phase lockin@0@ Acoustical Society of
America. [DOI: 10.1121/1.1830671

PACS numbers: 43.66 Ba, 43.66 Hg, 43.66 M&DK] Pages: 59-62

I. INTRODUCTION Pressnitzeet al. (2002, 2004 implied that the pitch strength
of the second-order interval click trains was less salient than
Kaernbach and Demany1998 originally, and then that of the first-order interval click trains. However, they did
Kaernbach and Bering2001) and Pressnitzeet al. (2002, not measure pitch strength. Discrimination experiments like
2004, generated a set of regular interval stim{@lS) con-  some of those performed by Kaernbach and Den(a899
sisting of click trains such that the interclick inter&Cl) of  and Kaernbach and Berin@001) have been used to indi-
the click trains contained either a constant interval betweemectly measure pitch strengtiYost, 1997. The 6-kHz high-
successive pulses in the click traitfgst-order intervalsor ~ pass filter used by Kaernbach and Dem&t§98 places the
constant intervals between every other pulsecond-order temporal information in RIS click trains above the spectral
interval9. The long-term spectra and autocorrelation func-region where phase locking is assumed to operate. Kaern-
tions are similar for both first-order and second-order intervabach and Bering(200) had one condition in which the
RIS click trains, especially in regard to the autocorrelationclick-train stimuli were high-pass filtered at 2 kHz. In this
features that have been used to account for the perception eéndition the second-order interval stimuli were discrim-
RIS sounds(Yost, 1996, 199 By high-pass filtering the inable from their noise foils at only about 64%, while the
RIS click trains above 6 kHz, Kaernbach and Demanyfirst-order intervals were discriminable at about 95%. The
(1998 eliminated the ability of listeners to use resolved har-present study used similar conditions to those employed by
monics, forcing the listeners to use temporal cues such déaernbach and Demar(t998 to investigate RIS click-train
could be modeled by autocorrelation. Their data showed thadiscrimination in several spectral regions where the spectral
only first-order RIS click trains could be processed by thefipples of the RIS click trains are likely unresolved, but
listeners. They argued that these results were inconsistehthere phase locking is probalfiee., below approximately 6
with an autocorrelation approach for processing such stimulikHz; see for instance Johnson, 1988s such, the RIS click-
Pressnitzeet al. (2002, 2004 showed that RIS click trains train discrimination experiments can determine if the pitch
very similar to the ones used by Karenbach and Deman§trength.of second—order intgrval c_Iick_trains is differe.nt fro_m
(1998, high-pass filtered at 3 kHz with second-order inter-tha_t of f|rst—orderl|nte.rval chgk trains in spectral regions in
vals, appear to produce a pitch, and the pitch appears to B#hich phase locking is possible.
associated with the most common interspike interval of
single units in the ventral cochlear nucleus. While their data
do not fully support an autocorrelation approach for processH. STIMULI
ing these RIS click stimuli, they did show in their 2004 paper ) )
that second-order interval stimuli can produce a pitch. Click-train RIS sounds are a sequence of ICI values,
What has not been determined is how the discriminabil€ach value representing the duration between the prior and

ity of these RIS click trains, as originally studied by Kaern- current click. Random-interval click trains were created us-
bach and Demany1998, varies as a function of filtering. "9 the same method employed by Kaernbach and Demany
(1998 by randomly assigning each ICI a duration from a

uniform distribution between zero and twice the mean(kCI
3Electronic mail: wyost@luc.edu ms) with a resolution of 25 s. No more than two consecu-
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The amplitudes of the clicks were identical and were
X x| x adjusted to create a click train with a spectrum level of 30
dB. Each stimulus was temporally windowed using a 5-ms
Random squared cosine function. The duration of d was 2, 4, or 8 ms
—d — —d— for kxx stimuli and 1, 2, and 4 ms for abx stimuli, resulting

in fundamental frequenciesy, of 500, 250, or 125 Hzf( is

k x| X the reciprocal of d for kxx stimuli and the reciprocal of 2d
for abx stimul). The total stimulus duration was kept con-
First Order Interval stant at 480 ms. Stimuli were presented in a wideband con-
dition (stimuli low-pass filtered at 15 kHzand in several
high-pass-filter conditions. The high-pass-filter cutoff fre-
guencies were 8 and 16 timég (all stimuli were low-pass
filter at 15 kH2. In the high-pass-filter conditions, a low-
pass-filtered Gaussian noise was added to mask distortion
components that could be used as discrimination cues. The
FIG. 1. RIS click trains; top: random intervals), middle: first-order inter-  Jow-pass-filter cutoff frequency was one-half octave below
vals (kxx), bottom: second-order intervalabx), d is mean duration. the high-pass cutoff frequency applied to the click train. The
spectrum level of the masking noise was 20 dB; 10 dB below

tive ICIs could be larger or smaller than d, in order to pre_the spectrum level of the click-train stimuli. The relationship

vent the occurrence of long sequences of short or long duré)_etvveen m_terva_l ordefy, d, and high-pass cutoff frequency
tion ICls which could result in a timbre cue. Is summarized in Table I.

First-order ICI sequences were created from random ICI
sequences by replacing every third random ICI with a regulat!- PROCEDURE AND LISTENERS

interval equal to d. These ICI sequences have been termed piscrimination performance was measured using a cued,
kxx" by Kaernbach and Demany(1998, where k repre- o alternative, forced-choic€AFC) procedure. Each trial

sents the regular interval of duration d and x represents thepnsisted of a random-interval click train, followed by two

random intervals. other stimuli presented in random order, a random-interval
Second-order ICI sequences were created from randoRick train and one of the regular-interval click trains. A

ICI sequences by replacing the first two of every three rangng.ms silent gap was inserted between each stimulus. Lis-
dom [Cls with ICls whose sum is 2d. The duration of theeners were asked whether the second or third stimulus was
first of the three intervals, denoted a, was randomly drawnyiferent from the other two stimuli.e., to pick the regular-
from a uniform distribution between zero and 2d. The durajneryal click train. Eighteen conditions were tested. A block
tion of the second interval, denoted b, was equal t&-2d o trials consisted of the three filter conditionsideband,
Thus, the sequences contain second-order regular intervals gfo 16f,) at a single ordeffirst-kxx or second-abxand at
9ura5|on ab=2d. These sequences have been termed gjngle fundamental frequendg25, 250, or 500 Hg that

abx” by Kaerbach and Demany. Figure 1 provides a schejg one row in Table I. For each, and interval order, 40,
matic diagram of a random-order interval click train and its\yijeband trials were followed by 40,8 trials, which were

kxx and abx versions. Both the kxx and abx stimuli produceinen followed by 40, 18, trials for a total of 120 trials per

a very similar pitch sensation when the pitch can be detectegyqck. This was done to provide listeners a clear impression
and the sensation has been labeled “rattle” pitch by Kaernyt the pitch in the initial wideband stimulus trials in an at-

bach and Demany1998. o ~ tempt to maximize performance in the high-pass-filtered con-
The kxx and abx stimuli have similar, but not identical, gitions. Not counting practice blocks, a block of 120 trials

spectra and autocorrelation functions. The spectra have spegz;g repeated ten times throughout the course of the experi-
tral peaks space at l/dor kxx) and 1/2d(for abX. The  ent, resulting in 400 trials per condition for each listener.

normalized autocorrelation functions have a major peak  Fqour normal-hearing listeners participated in this experi-
(AC1) at d (for kxx) or 2d (for abx), and the height of AC1  ent; including one of the authot®M). The first block of

is 0.33 for both kxx and abx stimuli. These spectral andyis|s for each listener was considered practice and was not
autocorrelation function features are those used by Moshciuded in the final results.

spectral and temporal models of pitch processing. Autocor-

relation modelgsee Yost, 1996, 199predict that the pitch V. RESULTS
of the RIS click trains is associated with the reciprocal of d ™
or 2d, and the strength of the pitch is determined by the  The mean results across the four listeners are shown in
height of AC1. These models would predict that the pitchFig. 2 as percent-correct responses per stimulus condition.
strength of the kxx and abx RIS click trains would be theWith a couple of exceptions the mean results are representa-
same. Pressnitzet al. (2004 point out that the autocorrela- tive of individual listener performance. One listener had dif-
tion functions of their randome-interval click trains also haveficulty in all high-pass-filter conditions except the first-order,

a very small broad peak near lag d, and their data suggest=2-ms conditions. This poor performance is in contrast to
that their random-interval click trains have a very weakthis listener’s relatively good wideband performance. An-
pitch. other listenerone of the authors, DMwas the only partici-

X

a b X a b X

Second-Order Interval
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TABLE I. Summary of test conditions.

High-pass cutoff frequency

Fundamental Mean interval (Hz)

Interval frequency, duration,d

order fo (Hz) (m9) Wideband 8, 16f,
1-kxx 125 8 1000 2000
1-kxx 250 4 2000 4000
1-kxx 500 2 4000 8000
2-abx 125 4 1000 2000
2-abx 250 2 2000 4000
2-abx 500 1 4000 8000

pant who consistently discriminat¢&®(C)>75%] all of the  order interval RIS click trains. While we used the exact
high-pass filtered, second-order stimuli except the 8-kHz cutmethod described by Kaernbach and Demah998 and

off frequency condition where his performance was atKaernbach and Berin@200J) to generate the click trains, we
chance consistent with the performance of the other listenerslid not use the exact same psychophysical procedures, nor
As expected, wideband conditions provided an upper boundiere all of the stimulus conditions exactly similar. Our pro-
to discrimination performance with decreasing discrimina-cedure and stimulus conditions are most like the one used in
tion performance with increasing high-pass-filter cutoff fre-experiments 3 in both of the papers by Kaernbach and col-
quency. Except for the 8-kHz high-pass conditions, the averleagues. Even so, there are small differences among the stud-
age listener could discriminate the kxx and the abx stimulies including stimulus duration; listener training; number of
from their respective noise foils, but performance for the abxandom, x, intervals following the fixed, k, interval; d; and
discriminations was always poorer than for the kxx condi-details of the low-pass noise used to mask distortion prod-
tions. Also, average performance decreased with decreasingts.

fundamental frequency across all high-pass-filtered condi- OQur results at 8 kHz are consistent with those of Kaern-

tions. bach and Demany1998, but the results at all other cutoff
frequencies extend their findings in that performance was
V. DISCUSSION AND CONCLUSION above chance for the discrimination of second-order intervals

(abx from their random-interval foils. Our listeners in the
High-pass-filtered, second-order regular versus randomkxx conditions did not seem to be as sensitive as the subjects
interval discrimination is possible, yet is more difficult than in either of the Kaernbach studies, but were slightly more
first-order discrimination except for the 8-kHz cutoff- sensitive in the comparable abx condition in the Kaernbach
frequency condition, where second-order discrimination isand Bering(2001) study. These small performance differ-
impossible. This implies that the pitch strength of first-orderences are probably accounted for by individual differences
interval RIS click trains is more salient than that of second-and/or by the small procedural and stimulus differences
among the studies. The current results suggest that the audi-
d (ms) order tory system may be sensitive to second-order intervals as
kxx long as they occur below 6 kHz, where phase locking is
abx possible.
'a";’)‘( Kaernbach and Deman(1998 used their results as evi-
Ktx dence against autocorrelation as a means of explaining audi-
abx tory temporal processing. To the extent that listeners can pro-
cess second-order interval statistics, the current results
suggest that processes like autocorrelation may be useful for
explaining temporal processing phenomena for stimuli that
contain temporal information in spectral regions below about
6 kHz, where phase locking occurs. However, autocorrela-
tion functions for the kxx and abx stimuli are not identical in
all respects, and there is some weak temporal regularity in
the random-interval click trains used in these experiments
(Pressnitzeet al, 2004. That is, while the AC1 peak is at d
. Ia . . . 4 = or 2d and its normalized height is one-thifthese are the
wideband 1000 2000 4000 8000 features of autocorrelation used to account for pitch and
highpass cutoff frequency (Hz) pltCh Strength of RIS sounds; Yost, 1996, 19% the kxx
and abx stimuli, other more subtle features of the functions
SFG-_Z-_M%’:‘)?] fsssua'ltﬁigisjnf%;fr:iisfn‘gih]fi’l‘g?gc Sﬁéfﬁeﬂl)c?;efn(fgﬁq differ (see Pressnitzeat al, 2004. Thus, the ability for lis-
vzlesrzrllglfri]?st-orde(kxx) and secondgorge(rabm RIS click-train discrimina- ten,ers to discriminate abx from the random-interval _CI'Ck
tion; bars are mean percent correct; error bars are standard ew@y.  trains may be based on some other aspects of the stimulus
=50% is chance performance. fine structure than those typically used to account for RIS
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processing. A hint of this possibility can be seen for theRIS click-train experiments, but such models will need to

wideband stimuli of Fig. 2. For most conditions performanceaccount for the pitch and pitch strength of second-order, as
for the abx stimuli is still poorer than for the kxx stimuli, well as first-order interval RIS sounds.

even when many of the spectral components are resolved.
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Predicting the eigenmodes of a cavity containing an array
of circular pipes
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An array of pipes inside a cavity, as found, for example, in a shell-and-tube heat exchanger, changes
the eigenfrequencies of the cavity. It can be tedious to determine the shifted eigenfrequencies with
a finite-element model. Based on previous work by Meyer and Neumann, Parker proposed a simple
relationship for predicting the shifted eigenfrequencies. In this paper, results obtained from this
relationship are compared with eigenfrequencies obtained from very accurate finite element
simulations. From the results it can be concluded that Parker’s relationship gives fairly good
predictions of the eigenfrequencies for the first few modes in a cavity with pipes arranged in a
rectangular configuration. The predictions are not so accurate for pipes arranged in a diamond
configuration, and a modified version of the relationship is suggested for this configuration. If the
number of pipes in the cavity is small, the simple relationship is no longer valid.20@5
Acoustical Society of AmericaDOI: 10.1121/1.1836882

PACS numbers: 43.20.Ks, 43.58.[dO]. Pages: 63-67

I. INTRODUCTION tantly, the small diameter of the pipégsompared to the outer
dimensions of the shelllimits the maximum element size
A shell-and-tube heat exchanger with fluid flow past anthat can be used. This will often lead to a very large number
array of pipes can be a powerful source of noise andf elements, and a corresponding demand on computational
vibration* A common excitation mechanism in such a situ-time and power.
ation is vortex shedding of the fluid flovcaused by, for An alternative could be to model the shell without the
example, heat fins on the pipes. The excitation interacts witkubes, while adjusting some parameter to take account of the
the natural acoustic modes of the shell enclosing the tubesffect of the tubes. Parker has proposed a very simple ex-
and the vibration modes of the pipes, thus producing ampression in terms of an effective speed of sofineferring to
acoustic and vibrational response. One of the tasks of ththe concept of adde@irtual) mass as used by Meyer and
noise control engineer is to calculate these natural mode®eumanr. The underlying reasoning of this model is not
and compare them with measurements in order to identifiexplained very clearly. However, both Parkand Blevind
the dominant modes. In this work only the acoustic eigenhave presented experimental results that confirm this rela-
modes of the shellor cavity) enclosing the tubes are consid- tionship.
ered. Our purpose in this paper is to present some numerical
Calculating the eigenfrequencies of a cavity is a simplesimulations that have been performed in order to test Park-
task: either analytically for simple geometries, or using aer's expression and get an idea of its accuracy and limita-
finite element model for more complex geometries. How-tions. To simplify the calculations, the problem has been re-
ever, in a shell-and-tube heat exchanger, the tubes are partdficed to two dimensions by taking a perpendicular cross
the system, and they alter the eigenvalue problem. This pheection along an inline shell-and-tube heat exchanger, such
nomenon has been described analytiéalljor single ob- that the acoustic velocity is in the plane perpendicular to the
structing objects in a cavity, in terms of scattering and dif-pipes’ axes. Moreover, no external fluid flow is considered.
fraction effects. However, not only are the resulting integral/
differential equations of little use in practice; but the problem
gets considerably more complicated when a large number df. THE EFFECTIVE SPEED OF SOUND
objects are considered, among other things because of mul-

tiple scattering effects? The concept of an effective speed of sound was origi-

To model the complete heat exchandgrcluding the nally proposed by Meyer and Neumann, who developed a
X . relationship to predict the reduced speed of sound in an
array of tubesnumerically can be a tedious task, due to the, . 7 .
acoustic lens.” They stated that an alternating flow around

large number of small pipes, even though the usual regulaarm array of fixed, rigid objects has an increased inertia, in the

pattern of the pipes may speed up the process. More impors_ame way as an oscillating object in a fluid has an added
(virtual) mass. The added mass or inertia depends in both
“Current address: Aerodynamics & Flight Mechanics Research Groupgcases on the shape of the rigid object; for a circular cylinder

Aeronautics and Astronautics Department, School of Engineering Sci- ; i ; _
ences, University of Southampton, Southampton, SO17 1BJ, United King!n unrestricted two-dimension&-D) flow, the added mass

dom. Electronic mail: bfenech@gmail.com equals the mass of the fluid displaced by the cylinder. For an
PElectronic mail: fia@oersted.dtu.dk array of circular pipes, the relationship becofhes
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%: 1 , (1) od
C Ji+o el <> ! O O
: . : S U
wherec, is the effective speed of sound in the cavity with
the pipesgc is the speed of sound, anxis the volume frac- d
tion, i.e., the percentage of the volume occupied by the pipes.
Note that this relationship is only valid for pipes of circular -
cross section. In formulating this relationship, it was as- O @ O
sumed that the compressibility of the fluid does not change
when an array of acoustically hard objects is introduced. This
assumption is questionable, especially when applied to | a |
modes in a cavity, where an object can sit in a region of no
flow (pressure maximaln this case, it is more likely that the %d
presence of the object increases the stiffness, rather than the B VN © O O
mass of the fluid, as suggested by Morse and In§akd- &/
other factor not taken into account is that, since the added 4 O Y e

mass depends on the flow pattern, it is affected by other
nearby boundarie@Vlassey). !

O 64O

The simplified problem has been modeled as a number | a |
of circular bodies in a rectangular cavity. All the boundaries
were treated as rigid. The numerical calculations were don
using the eigenvalue solver ofsc Actran, a commercial

finite element package. This solver uses a block Lanczos . . .
method with a Sturm sequence check, and uses Actran'y: and another one where the normalized eigenfrequencies

sparse solver as an internal linear sof/@riangular qua- are almost independent of the number of pipes in the cavity.

dratic elements were used. A number of pretests showed thgpe division occurs betweemg(=_10 anan:1_5. Th‘.a same
an element size equal to the radius of the pipes gave suff rend has been observed for a diamond configuration of pipes

ciently accurate results, even though geometrically the mod(-nOt sh(_)wﬂ. For sma_ller_ volume fractions, the dependence
eled bodies were not perfectly circular. With such an elemen?f the eigenfrequencies is less pronounced.'pferS%,. prac-
size, the number of elements per wavelength was at least fi\}ﬁ:a”y all the ques are represented by horizontal lines along
in the frequency range of interest. All post-processing wadh® whole abscissa.
done using Matlab.

Two different, widely used pipe configurations were ex- B. Volume fraction
amined: a rectangular and a diamond configuration; see Fig. : -

. ) . The horizontal curves shown in Fig. 2 for a large num-

1. The geometries shown are fixed in such a way as to r(Edu“ﬁbeer of pipes suggest the existence of a simple relationship for
the number of variables of the problem. The simulations
were done in terms of four nondimensional parameters: the
volume fraction(a), the cavity aspect ratica(b), the largest s . L carly aspeciral Pedadvaolpbes :
number of pipes in the direction (n,), and the normalized
eigenfrequencies of the systerfa(c).

IIl. RESULTS

FIG. 1. Cross section of the heat exchangar.Rectangular configuration.
ﬁ)) Diamond configuration.

&)
T

A. Number of pipes

Equation(1) applies for an array of pipes, and should
not depend on the number of objects in the array. This was
checked in the first simulation. The cavity aspect raiib,
pipe spacingd, and volume fractiorr were all fixed, while
the number of pipes in the cavity was varied. This was done
for the two different pipe configurations, and for three differ-
ent volume fractions: 3%, 12.5%, and 50%. For a fixed vol-
ume fraction, the cavity dimensions increase as the numbeiz |
of pipes increases. Figure 2 shows a plot for a rectangular
configuration of pipes with a volume fraction of approxi-
mately 50%. Each curve represents a particular mode of the % 5 10 5 20 25 a0 s 0 4
first 50 modes, sorted by increasing eigenfrequencies. Number of pipes n x direction ()

. The plot can be divided into two regions: one Where therig. 2. Effect of the number of pipes on the modes of a cavity. Rectangular
eigenfrequencies depend on the number of pipes in the cavenfiguration. The volume fraction was approximately 50%.
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‘malized eigenfrequencies of cavity with pipes (fa/c)
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11:7 cavity aspect ratio. Fixed number of pipes.
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FIG. 4. The ratio of eigenfrequencies as a function of the mode number:

FIG. 3. The ratio of eigenfrequencies as a function of the volume fraction'calculatedacTran) and predictedusing Eq.(2)]. () Rectangular configu-

calculated(acTrAN) and predictedusing Eq.(2)]. (@) Rectangular configu-

ration. (b) Diamond configuration.

ration. (b) Diamond configurat