TUESDAY MORNING, 6 JUNE 2006 ROOM 557, 8:00 TO 10:00 A.M.

Session 2aAAa

Architectural Acoustics, Noise, Physical Acoustics, and Engineering Acoustics: Microperforated Acoustical
Absorbing Materials

Christian Nocke, Cochair
Akustikbuero Oldenburg, Katharinenstr. 10, 26121 Oldenburg, Germany

Ning Xiang, Cochair
Rensselaer Polytechic Inst., Architecture, 110 8th St., Troy NY 12180

Chair’s Introduction—8:00

Invited Papers

2a TUE. AM

8:05

2aAAal. The perforated panel resonator with flexible tube bundle. Yadong Lu (Inst. of Acoust., Chinese Acad. of Sci., 17
Zhongguancun St., P.O. Box 2712, Beijing 100080, PROC, yadong@mail.ioa.ac.cn), Huide Tang (Tianjin Hearing-aid Factory,
Tianjin 300161, PROC), Jing Tian (Chinese Acad. of Sci., Beijing 100080, PROC), and Hongqi Li (Beijing Univ. of Technol.,
Beijing 100022, PROC)

This paper deals with a new type of resonant absorber, i.e., the perforated panel resonator with flexible tube bundle. The acoustical
properties of the new sound-absorbing structure are measured and analyzed. From the measurement results and theoretical analysis,
the following conclusions can be made. (1) The incorporation of the tube bundle into the resonator absorber is helpful to improve its
low-frequency sound absorption. Because the artificial prolongation of air column length inside a hole neck will increase acoustic
mass, resonance frequency can be shifted to a lower frequency correspondingly. (2) Compared with traditional perforated panel
absorber, the acoustic resistance of the sound-absorbing structure can be increased considerably due to the incorporation of the flexible
tube bundle into the resonator absorber, so that higher sound absorption coefficients can be expected. (3) By reasonably utilizing the
tube and cavity coupling resonances, the frequency bandwidth of sound absorption of the perforated panel resonator with flexible tube
bundle can be expected to broaden. The perforated panel resonator with flexible tube bundle may be used in some cases with strict
space limitations and with expectations of increasing the sound absorption at lower frequencies.

8:30

2aAAa2. Measurements and calculations on microperforated sound absorbers. Christian Nocke and Catja Hilge (Akustikbuero
Oldenburg, Katharinenstrasse 10, 26121 Oldenburg, Germany)

The sound absorption of microperforated absorbers can be predicted with a high degree of precision. Microperforated absorbers
have been made of various materials in many applications. In recent years different manufacturers have offered a variety of microp-
erforated materials. This paper reviews the first microperforated sound absorbers made of foils introduced some 10 years ago. This
paper compares measured sound absorption coefficients of the microperforated foil absorber with the theoretical simulations. Theo-
retical approaches towards layered sound absorbers with microperforated components will be suggested. Finally, future developments
in the field of microperforation in room acoustics will be discussed.

8:55

2aAAa3. Practical applications of transparent microperforated and microslit absorbers. Peter D’Antonio (RPG Diffusor
Systems, Inc., 651-C Commerce Dr., Upper Marlboro, MD 20774)

It has been over 100 years since absorption was introduced as a quantifiable tool in architectural acoustics. Currently, the
architectural acoustic community faces ever-changing challenges that require innovative approaches to absorb sound. Due to the
importance of day lighting in sustainable design certification, such as LEED, and the concern about particulate material from
fiberglass and mineral wool, there has developed a need for transparent and translucent absorptive materials that do not require the use
of fibrous porous absorption. One approach has been the development of microperforated and microslit foils, sheets, and panels with
submillimeter openings that provide significant viscous losses when spaced from a boundary. This presentation will review the design
theory and absorption mechanisms, describe the various commercial materials now available, and illustrate current projects and
potential applications.
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9:20

2aAAa4. Effect of honeycomb structure in the back cavity on the absorption characteristics of microperforated panel
absorbers. Motoki Yairi, Atsuo Minemura (Kajima Tech. Res. Inst., 2-19-1 Tobitakyu Chofu, Tokyo 182-0036 Japan), Kimihiro
Sakagami, and Masayuki Morimoto (Kobe Univ., 657-8501 Kobe, Japan)

Since the principle of microperforated panel absorbers (MPPs) was established, many studies have been made on their practical
applications. MPPs are typically made of very thin metal or plastic panels to obtain high absorption. However, such a thin, limp panel
is in many cases not suitable for an interior finish of room walls because of its insufficient strength. The authors have proposed to use
a honeycomb structure attached behind an MPP to stiffen it without deteriorating its acoustical performance. The honeycomb behind
an MPP can also be expected to enhance its absorption performance, considering previous studies on porous sound-absorbing layers
with the back cavity completely partitioned by a honeycomb structure. In this paper, the effect of honeycomb structure in the back
cavity on the absorption coefficient of MPP was experimentally studied. The results suggest that the reverberation sound absorption
characteristics become close to those of an MPP without a honeycomb structure for normal incidence. This means that the charac-
teristics are improved with the honeycomb structure to show a higher and broader absorption peak. MPPs can be used more efficiently
in more various situations with applying elaborated configurations of backing structures. [ Work supported by the Kajima Foundationfs
Research Grant.]

Contributed Paper

9:45

2aAAaS. An ideal absorbing materials in architectural acoustics:
Micro-perforated panel absorbers. Ke Liu, Jing Tian, Fenglei Jiao, and
Xiaodong Li (Inst. of Acoust., Chinese Acad. of Sci., P.O. Box 2712,
Beijing 100080, P.R. China)

Micro-perforated panel absorbers (MPA) can be used to reduce or
better the noise in architecture. This absorber was developed in the 1960s,
when a robust sound absorber was needed for severe environments, with-
out porous materials. It has a simple structure and the absorption proper-
ties can be exactly calculated. The panel can be made of any materials
from cardboard to plastic to plywood to sheet metal, for different pur-

poses. Theoretical and experimental investigations on MPA are reviewed
in this paper. By reviewing recent research work, this paper reveals a
relationship between the maximum absorption coefficient and the limit of
the absorption frequency bandwidth. It has been demonstrated that the
absorption frequency bandwidth can be extended up to 3 or 4 octaves as
the diameters of the micro-holes decrease. This has become possible with
the development of the technologies for manufacturing MPA, such as laser
drilling, powder metallurgy, welded meshing, and electro-etching to form
micrometer-order holes. In this paper, absorption characteristics of such
absorbers in random fields are presented and discussed both theoretically
and experimentally. This review shows that the MPA has potentials to be
an ideal absorbing materials in architectural acoustics in the 21st century.

TUESDAY MORNING, 6 JUNE 2006

Session 2aAAb

ROOM 555AB, 10:25 TO 11:50 A.M.

Architectural Acoustics, Musical Acoustics, and Engineering Acoustics: Surround Sound Essentials 1

3250

Alexander U. Case, Cochair
Fermata Audio + Acoustics, P.O. Box 1161, Portsmouth, NH 03802

K. Anthony Hoover, Cochair
Cavanaugh Tocci Associates, 327F Boston Post Rd., Sudbury, MA 01776

Chair’s Introduction—10:25

Invited Papers

10:30

2aAAbl. Loudspeakers and listening rooms, Part I: The physical sound field. Floyd E. Toole (Harman International Industries,
Inc., 8500 Balboa Blvd., Northridge, CA 91329, ftoole @harman.com)

In contrast to the considerable effort invested in concert halls and auditoria for live performances, the design of domestic listening
spaces and recording control rooms has evolved with little guidance from science. In this presentation, an examination of the physical
aspects of sound in small rooms reveals that traditional acoustical measures, such as reverberation time, are of little value. The reasons
have to do with the differentiating facts that loudspeakers are relatively directional, and the rooms are relatively small, relatively
absorptive, and furnished with large sound-scattering objects. As a result, at frequencies above about 300 Hz, listeners are in a
transitional sound field consisting of direct and early reflected sounds, and a much-diminished late-reflected sound field. Loudspeaker
directional properties and the acoustical behavior of the surfaces involved with early reflections are the factors relevant to perceptions.
At low frequencies, room modes dominate. Notions of optimum room-dimensional ratios are of value only when loudspeaker and
listener locations are known. New solutions, employing multiple subwoofers in configurations that result in selective modal excitation,
can yield excellent low-frequency sound for several listeners in both rectangular and nonrectangular rooms.
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10:50

2aAAb2. Loudspeakers and listening rooms, Part II: The perception of reflections. Floyd E. Toole (Harman International
Industries, Inc., 8500 Balboa Blvd., Northridge, CA 91329, ftoole @harman.com)

A review of the effects of reflections on perceptions of sound quality, direction, image size, spaciousness, speech intelligibility,
etc., lending perspective to the matter of which elements might be perceptually important in multichannel sound reproduction systems.
In general they appear to be less problematic than is commonly believed. This, combined with the considerable ability of listeners to
adapt to certain auditory influences of small rooms, brings into question several popular practices in the design of loudspeakers and
listening rooms. Anechoic measurements on loudspeakers that have been done in a manner that anticipates sound reproduction in
rooms can be used to calculate a figure of merit. The correlation between the calculated ratings, and those resulting from double-blind
listening tests, is high: 0.86. This has implications for the acoustical treatment of rooms, and to the necessity for controlling the sound
field at low frequencies. Only then can there be any assurance that the art in recordings will be heard by consumers as it was created
in control rooms.

11:10

2aAAb3. Surround monitoring challenges in acoustically small spaces. Russ Berger (Russ Berger Design Group, 4006 Belt Line
Rd., Ste. 160, Addison, TX 75001)

Critical listening spaces used to monitor and produce surround sound product are usually required to provide an accurate listening
environment for more than one listener. Decisions are made not only about source material content and veracity, but also about how
best to process and present the multichannel surround event in a manner that translates the aural experience to a wider audience.
Oftentimes this audience is listening in other, less-than-ideal acoustical environments. Practical criteria and solutions are presented
here to help overcome the limitations of monitoring surround sound in acoustically small spaces, as well as a discussion regarding first
reflection control through the application of space coupling diffusors.

2a TUE. AM

11:30

2aAAb4. Design considerations for an idealized domestic surround-sound listening space. David Moulton (Moulton Labs., 39
Ames Rd., Groton, MA 01450, dmoulton@moultonlabs.com)

I have been actively involved in the production of music for surround-sound systems since the late 1960s, including composition,
production, recording (classical, multichannel pop, and experimental), loudspeaker design, and acoustical design. Based on my
experiences, I am going to present some design principles (and constraints) for domestic (and public) surround-sound playback spaces,
possible loudspeaker configurations, and topologies. I will also suggest a possible ideal domestic music playback space.

TUESDAY MORNING, 6 JUNE 2006 ROOM 552A, 8:25 AM. TO 12:00 NOON

Session 2aA0

Acoustical Oceanography, Underwater Acoustics, and Engineering Acoustics: Ultra-Low and Low
Frequency Marine Seismo-Acoustics

Ralph A. Stephen, Cochair
Woods Hole Oceanographic Inst., Woods Hole, MA 02543-1542

Peter M. Mikhalevsky, Cochair
Science Applications International Corp., 4001 N. Fairfax Dr., Arlington, VA 22203

Invited Papers

Chair’s Introduction—38:25

8:30

2aA01. Hydroacoustic observations of the 2004 megathrust earthquake and other events. Catherine de Groot-Hedlin (Scripps
Inst. of Oceanogr., 9500 Gilman Dr., La Jolla, CA 92093-0225)

Hydroacoustic signals (7-waves) generated by the 2004 Great Sumatra earthquake were recorded by a network of 5 small
hydroacoustic arrays located in the Indian Ocean at distances of 2800 to 7000 km from the epicenter. The array configurations allow
for accurate determination of the receiver-to-source azimuth given coherent arrivals. Analysis of a series of 10-s windows within the
T-wave coda shows that the receiver-to-source azimuth varies smoothly as a function of time, suggesting a nonstationary 7-wave
source. Apparent motion in the 7-wave source has also been observed for many small-scale earthquakes and, for those events, reflects
T-wave excitation over a broad expanse of the seafloor. For small-scale earthquakes, it is shown that the variations in the source
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azimuth are predictable using a seafloor scattering model. The azimuthal variations for the great Sumatra event are shown to be
inconsistent with a small-scale source and are thus indicative of the rupture velocity. The data indicate that the rupture proceeded in
two distinct phases; initially it progressed northwest at approximately 2.4 km/s along the Sunda trench. At 600 km from the epicenter,
the rupture slowed to approximately 1.5 km/s.

8:50

2aA02. Use of low-frequency marine seismo-acoustics in understanding earthquake processes: Applications to the Great
Sumatra-Andaman earthquake. Maya Tolstoy and DelWayne R. Bohnenstiehl (Lamont-Doherty Earth Observatory of Columbia
Univ., 61 Rte. 9W, Palisades, NY 10964-8000, tolstoy @ldeo.columbia.edu)

Low-frequency (1-100 Hz) hydroacoustic recordings can provide a wealth of information on earthquake characteristics in the
shallow marine environment. This frequency band, considered low frequency for acousticians, is actually high frequency for regional
or global seismologists who commonly work with frequencies of a few Hz and below. In some cases this higher frequency data may
provide higher resolution of some earthquake characteristics than traditional seismic methods. The 2004 Great Sumatra-Andaman
earthquake provides an example where detailed analysis of the T-wave arrival has allowed detailed characterization of changes in
rupture velocity that have not proven easy to resolve in traditional seismic data. Our single-station interpretation of the T-wave data
shows that the fault ruptured northward from the epicenter in at least two phases with lower rupture velocity in the north. The methods
behind this single station approach will be discussed along with possible future uses of this type of data for improving our under-
standing of earthquake rupture processes, as well as providing a rapid assessment of the size, location, and geographic extent of large
submarine earthquakes, and hence their tsunamigenic potential.

9:10

2aA03. Fault dynamics of Indian Ocean earthquakes derived from the array analysis of T-waves. Jay Pulli and Zachary Upton
(BBN Technologies, 1300 North 17th St., Ste. 400, Arlington, VA 22209)

The Great Sumatran earthquake of 26 December 2004 generated some of the largest and longest T-waves ever recorded, and
certainly the largest T-waves recorded on modern high-dynamic range hydrophones. For example, the recordings at the Diego Garcia
hydroacoustic array indicate a T-wave duration of approximately 15 min. Array processing of these signals by many investigators
indicates that the T-wave generation started near the earthquake epicenter and propagated northwest along the trench for nearly 600
km. This corresponds to the faulting zone defined by the aftershock distribution. A dataset of T-wave recordings of Indian Ocean
earthquakes has been examined, covering the period 2001 to the present, including events on the oceans ridges and trenches, as well
as some interplate events. The recordings were made at Diego Garcia, Cape Leeuwin, and Crozet Island. Event sizes range from
magnitude 4 to 8. Bearing versus time is derived via intersensor cross correlations with a time resolution of 0.010 s, corresponding to
a bearing resolution of 0.4 deg. Examples of events along the Sumatran Trench are shown with extended T-wave source areas, from
which estimates of fault length and rupture velocity are made. These studies further demonstrate the utility of T-phases for under-
standing seismic source dynamics.

9:30

2aA04. Using T-phase spectra to estimate rupture depth and static offset of the seafloor. David Salzberg (SAIC/OSD, 1710
SAIC Dr, M/S 1-11-15, McLean, VA 22102, david.h.salzberg @saic.com)

Analysis of T-phases recorded from recent tsunamogenic earthquakes indicates that they contain significantly more high-frequency
(>50 Hz) relative to low-frequency (>10 Hz) T-phase energy with longer durations (>30 s) than nontsunamogenic events. Mod-
eling 7-phase spectrum explains this observation, where the spectrum of the recorded 7-phase is the product of the source spectrum,
propagation loss in the solid earth, conversion from seismic to acoustic 7-phase energy, propagation loss in the ocean, and the
instrument response. The propagation loss in the ocean can be accurately modeled. Assuming the seismic-to-acoustic conversion is
constant over frequency, the remaining unknown term is loss in the solid earth which is primarily due to anelastic attenuation. A
refined depth estimate can be obtained by modeling the solid-earth attenuation. That, coupled with the earthquake source mechanism,
allows for estimation of the static ocean floor deformation and thus tsunami height. This approach has been applied to two tsuna-
mogenic earthquakes (26, Dec. 2004, 28, Mar. 2005), and one other event. Both tsunamogenic events had significant (>1 m) seafloor
uplift. In addition, the peak static offset estimated for the 26 Dec. event is consistent with estimates both from other studies, and from
observations of the seafloor deformation.

9:50

2aA0S. Sumatra tsunamis recorded on hydophones and seismic stations in the Indian Ocean. Jeffrey A. Hanson and J. Roger
Bowman (Science Applications International Corp., 10260 Campus Point Dr., San Diego, CA 92121)

Tsunamis generated by the great Indonesian earthquakes of 26 December 2004 (Mw 9.3) and 28 March 2005 (Mw 8.6) produced
high-frequency dispersed signals (5 to 60 MHz) recorded by hydrophone and seismic stations in and around the Indian Ocean. For the
first and greater earthquake, the dispersed energy is frequently observed to 30 MHz and in one case to 60 MHz. The high-frequency
signals are consistent with pointlike sources. The earliest-arriving tsunami signal is located to a source at 4.3N, 93.8E using event-
to-station distances estimated by measuring dispersion and azimuth estimates using an array of hydrophones. Fine structure in the
tsunami signal indicates a second high-frequency source just south of Great Nicobar Island. The dispersion of later-arriving energy
matches predictions for reflections of the tsunami from bathymetric features in the Indian Ocean basin. For the 28 March 2005
tsunami, the high-frequency dispersion is observed at the Diego Garcia hydrophone station and the AIS seismic station, and tsunami
signals without apparent dispersion are seen at four other seismic stations. Phase velocities are estimated at hydroacoustic arrays and
agree with linear dispersion theory at frequencies above 12 MHz.
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10:10-10:20  Break

10:20

2aA06. Surface and body waves from hurricane Katrina observed in California. Peter Gerstoft (Marine Physical Lab., Scripps
Inst. of Oceanogr., 9500 Gilman, 92093 La Jolla, CA), Michael C Fehler (Los Alamos Natl. Labs., Los Alamos, NM), and Karim
Sabra (Scripps Inst. of Oceanogr., La Jolla, CA)

Hurricane Katrina struck land on 29 August 2005 as one of the strongest storms in the United States. The recent availability of
continuous seismic data from a large number of stations enables us to characterize features of hurricane-generated noise in detail. By
beamforming noise recorded on a distributed seismic array in southern California, we observe and track both the surface and body
P-waves generated by Katrina in the 4-20-s period (0.05-0.25 Hz) microseism band. As the hurricane made landfall, the longer-
period surface waves weakened, indicating that air/ocean/land coupling was a major factor in their generation. We observed P-waves
that have propagated deep (1100 km) inside the Earth. These P-waves can be back-propagated to the hurricane. These findings
demonstrate that ocean microseisms can propagate quite far and open the possibility of further use of seismic noise, even at very low
signal level.

10:40

2aA07. Source areas of midocean microseismic noise. Peter D. Bromirski (Integrative Oceanogr. Div., Scripps Inst. of Oceanogr.,
9500 Gillman Dr., La Jolla, CA 92093-0209, pbromirski@ucsd.edu)

Comparison of microseismic noise data collected at the ocean-bottom Hawaii-2 Observatory (H20), located midway between
Hawaii and California, with wind and wave data shows three frequency bands having different source locations. At frequencies from
about 0.3 to 0.5 Hz, the noise spectrum shows a strong correlation with overhead wind speed and direction, implying that this energy
is generated locally. Correlation of swell height above H20 with microseism energy at frequencies below 0.3 Hz is generally poor,
implying that these signals originate at distant locations. The highest noise levels observed occur in the 0.2- to 0.3-Hz band, apparently
resulting from the interaction of waves forced by pre- and postfrontal winds from relatively large coincident storms in the same
vicinity. Correlation of the H20 microseism levels with NOAA buoy data, with hindcast wave height data over the North Pacific, and
with seismic data from mainland and island stations, defines likely source areas of the 0.1- to 0.2-Hz signals. Most of the microseism
energy at H20 between 0.08 and 0.2 Hz appears to be generated by high-amplitude storm waves impacting long stretches of coastline
nearly simultaneously. [Work supported by the California Department of Boating and Waterways. |

2a TUE. AM

Contributed Papers

11:00

2aA08. Sound of hurricane. Konstantin Naugolnykh (ESRL/Zeltech,
325 Broadway, Boulder, CO)

The strong perturbation of atmosphere such as hurricane is accompa-
nied by infrasound radiation. This radiation can be observed at a distance
of thousands of miles from the hurricane. The effect of sound radiation is
connected apparently to the interaction of the counterpropagating sea-
surface waves that produces a sound radiation of the doubled frequency of
the surface wave oscillation. [M. S. Longuet-Higgins, A theory of the
origin of microseisms]. Theoretical model of the sound generation by the
sea-surface waves is developed on the basis of the advanced theoretical
approach [Wright et al., “Hurricane directional spectrum spatial variation
in the open ocean,” J. Phys. Ocean. 31, 2472-2488 (2000)]. The spectrum
of sound radiation is presented as a function of the sea-surface wave
features. Some estimation of the parameters of infrasound produced by
hurricane is made using the data of Wright er al. on the hurricane-
produced sea-surface waves spectrum. The diffraction effects are taken
into account to evaluate the trapping of the radiation by a horizontal at-
mospheric waveguide, important for the long-range propagation of the
noise. [K. A. Naugolnykh, and S. A. Rybak, “Sound generation due to the
interaction of surface waves,” Acoustical Physics 49, 88—-90 (2003)].

11:15

2aA09. Anomalous transparency of the water/air interface for low-
frequency sound. Oleg A. Godin (CIRES, Univ. of Colorado and
NOAA/Earth System Res. Lab., 325 Broadway, Boulder, CO 80305,
oleg.godin@noaa.gov)

Sound transmission through water/air interface is normally weak be-
cause of a stark density contrast between the two media. For a monopole
sound source, at depth larger than a wavelength, the ratio R of the acoustic
power transmitted into the air to the total emitted acoustic power is a small
quantity of the order of the ratio of impedances of air and water. Acoustic
transparency of the interface is shown to rise dramatically at low frequen-
cies, where depth of the monopole source is small compared to the wave-
length, with R increasing by up to 36 dB. Under certain conditions, almost
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all of the acoustic energy emitted by a low-frequency monopole source
underwater is predicted to be radiated into the air rather than into the
water. Physically, higher transparency at lower frequencies is due to in-
creasing role of inhomogeneous waves emitted by the source and a de-
structive interference of fields in water due to the actual and image
sources. The anomalous transparency of the water/air interface may have
significant implications for generation of low-frequency acoustic noise in
the air by bubbles collapsing underwater and for acoustic monitoring and
detection of powerful underwater explosions for the purposes of the Com-
prehensive Nuclear Test Ban Treaty.

11:30

2aA010. Low-frequency sound reflection and conversion to Darcy-
type type diffusion waves at bottom interfaces with marine sediments.
Jason D. Holmes, Allan D. Pierce, William M. Carey (Boston Univ.,
Boston, MA 02215), and James F. Lynch (Woods Hole Oceanograph.
Inst., Woods Hole, MA 02543)

The upper medium is sea water, and the bottom medium is a marine
sediment whose physical description is consistent with the theory ad-
vanced by Frenkel in 1944 and with the model proposed by Biot in 1961
for a porous medium at low frequencies. Within the sediment, three ge-
neric types (modes) of wavelike disturbances are possible. These three
modes are here termed the acoustic, shear, and Darcy modes. The first two
are governed by propagating wave equations and the third by a diffusion
equation. The first and third are dilatational. All three are nominally un-
coupled, although coupling occurs at interfaces. When an obliquely inci-
dent acoustic wave impinges from the water on the interface, all three
types of disturbances are in principle excited in the sediment, and the
details of the excitation are governed by interface conditions, whose deri-
vation is reported in the present paper. Each mode has its own character-
istic parameters, and the sediment reflection coefficient, considered as a
function of angle of incidence and of frequency, implicitly depends on all
of these parameters. The question is addressed as to how, given such
reflection coefficient data, one might extract the parameters for the Darcy
mode for representative realistic experimental circumstances.
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11:45

2aA011. The relation between received microbarom signals and the
sea state under a hurricane. Roger Waxler, Kenneth E. Gilbert, and
Carrick L. Talmadge (NCPA, University, MS 38677)

It is known that the peak at about 0.2 Hz observed in both seismic (the
microseism peak) and infrasound (the microbarom peak) spectra have

TUESDAY MORNING, 6 JUNE 2006

their origin in the standing wave component of the ocean surface wave
spectrum. The largest source of microseism and microbarom radiation is
known to be from the sea states built up under hurricanes. In 1963 Has-
selmann published a relation between the ocean wave spectrum and the
microseism signal produced by the ocean waves. We have recently derived
an analogous expression for the microbarom signal. This expression is
presented and possible implications for remote monitoring of hurricane
intensity are discussed.

BALLROOM A, 7:45 AM. TO 12:10 PM.

Session 2aBB

Biomedical Ultrasound/Bioresponse to Vibration: Memorial Session for Frederic Lizzi

Jeffrey A. Ketterling, Cochair
Riverside Research Inst., Lizzi Ctr. for Biomedical Engineering Research, 156 William St., New York, NY 10038-2609

Ernest J. Feleppa, Cochair
Riverside Research Inst., Lizzi Ctr. for Biomedical Engineering Research, 156 William St., New York, NY 10038-2609

Chair’s Introduction—7:45

Invited Papers

2aBB1. Spectral parameter imaging of the corneal stroma.

Ronald H. Silverman, Omer Gal, Monica Patel, and D. Jackson

Coleman (Weill Medical College of Cornell Univ., 1300 York Ave., Rm. K808, New York, NY 10021)

Frederic L. Lizzi was a pioneer in the fields of high-frequency ultrasound and tissue characterization. This report details use of
spectral parameter imaging of very-high-frequency radio frequency data for characterization of the cornea. The corneal stroma
consists of broad 1-2-micron-thick belts (lamellae) embedded in a proteoglycan matrix. The lamellae consist of collagen fibrils 30 nm
in diameter with center-to-center spacing of about 60 nm. Any disturbance to this orderly arrangement will result in loss of optical
transparency. Parameter images representing the slope, intercept, and midband fit to the calibrated power spectrum were generated by
post-processing of radio frequency data of 35- and 70-MHz scans of the cornea. Stromal backscatter was significantly higher at 70
MHz than at 35 MHz. In an uncomplicated LASIK-treated cornea examined 6 years postsurgery, significant differences in backscatter
between the stroma anterior versus posterior to the LASIK interface were observed. This may relate to alteration in lamellar
organization, even in the absence of loss of optical transparency. Frequencies beyond 50 MHz offer a probe of tissue microstructure
that could be employed in evaluation of stromal organization. [Work supported by NIH Grant EB000238 and Research to Prevent

Blindness. ]

2aBB2. Inverse scattering bioacoustics: Under the influence of Fred Lizzi. Michael Insana (Univ. of Illinois, MC 278, 1304

Springfield Ave., Urbana, IL 61801)

A long-standing problem in bioacoustics is the assessment of soft tissue health from an analysis of backscattered echo signals—an
inverse problem known as tissue characterization. Pathologists view magnified images of tissue morphology to assess tissue function
and grade disease states. Ultrasonic tissue characterization methods are attempts to accomplish the same assessment noninvasively.
The goal is not to image the microstructure directly, but rather to diagnose tissues from measurements of statistical moments of the
echo spectrum properly normalized to isolate tissue features. Fred Lizzi pioneered this approach and provided an analytical framework
used widely. It will be shown how his analysis evolved from classic studies in atmospheric physics to give a clear picture of what is
becoming a material science approach to diagnosis using ultrasonics. Dr. Lizzi’s methods have been used by many to diagnosis and
monitor treatment of cancer from a very small feature space. Others have expanded these methods to discover the sources of ultrasonic
scattering in tissue systems and observe dynamic features of physiology. Coupled with elasticity imaging, inverse scattering ap-
proaches provide in vivo tools for studying the influence of molecular signaling on tissue structure during the progression of cancer

and atherosclerotic diseases.
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8:30

2aBB3. Stimulation of collagen production with low-intensity acoustics. James Greenleaf, Heather Argedine, and Mark Bolander
(Mayo Clinic College of Medicine, 200 First St. SW, Rochester, MN 55901)

Low-intensity pulsed ultrasound is a commonly prescribed therapy for delayed unions and nonunions after fractures. Several
prospective double-blind clinical trials have shown that a 1.5-MHz ultrasound signal at a 200-s tone burst repeating at 1 kHz shortens
the time to clinically evaluated healing by 30%. We have shown in vitro that pulsed ultrasound increases aggrecan gene expression and
aggrecan production in chondrocytes, a key cell in the fracture healing process. Because the square wave pulsed 1.5-MHz signal
produces radiation force vibration at 1 kHz, we tested the hypothesis that dynamic radiation force, not ultrasound, is responsible for
the biological effect of the signal. Experiments showed that a 1-kHz acoustic square wave, simulating the radiation force caused by
the clinically used signal, induced chondrogenesis similarly to pulsed ultrasound treatment in ATDCS cells. These results may have
implications for remote ultrasound or acoustic stimulation of different types of strain-sensitive cells in addition to those responsible for
fracture healing.

8:50

2aBB4. Noninvasive prostate surgery using high-intensity focused ultrasound. Narendra T. Sanghvi (Focus Surgery, Inc., 3940
Pendleton Way, Indianapolis, IN 46226)

The salient features of ultrasound are to provide both medical diagnostic and therapeutic applications due to its short wavelength
in soft tissue. These combinations have motivated us to apply ultrasound for the noninvasive surgery of the prostate diseases for both
benign and malignant tumors. Over a decade of engineering and clinical research a successful transrectal ultrasound device, the
Sonablate, has been developed and clinically practiced for the treatment of localized prostate cancer as well as benign prostatic
hyperplasia. The main advantages of using the Sonablate device are on-line imaging of the prostate in 2D and 3D, accurate therapy
planning, and real-time monitoring of treatment. The long-term, over 6 years follow-up clinical results from two multicenter clinical
studies indicate no severe long-lasting side effects and acceptable efficacy of the treatment. The primary benefits of this treatment are
fewer complications, outpatient procedure, and very quick recovery. The presentation will include design of the device, characteriza-
tion of therapy and imaging transducer, and treatment parameters for the effective clinical results.

9:10

2aBBS5. Quantitative ultrasound techniques. Timothy Hall, James Zagzebski, and Ernest Madsen (Univ. of Wisconsin, 1530 MSC,
1300 University Ave., Madison, W1 53706)

The ultrasound research group at UW-Madison has been pursuing quantitative measurement of the acoustic properties of tissues
for more than three decades. Much of that effort parallels the efforts pioneered by Fred Lizzi and colleagues at Riverside Research
Institute (RRI). While the RRI group was blazing trails in data acquisition, analysis, and interpretation techniques, the UW group was
investigating the limits of measurement accuracy using similar approaches. Wise selection of the tissues to investigate, great intuition
regarding fruitful paths, and good hard work resulted in substantial progress and success in the RRI quantitative ultrasound efforts.
Careful measurements with high-quality phantoms, in parallel with tissue measurements, resulted in substantial progress in determin-
ing limits on quantitative ultrasound measurement accuracy under various experimental conditions. This presentation will highlight
some of the differences and similarities in the approaches to quantitative ultrasound by these two groups and how we can use that
information in future investigation.

9:30

2aBB6. Therapeutic applications of ultrasound in intracellular drug delivery and tissue ablation. Cheri X. Deng (Dept. of
Biomed. Eng., Case Western Reserve Univ., 10900 Euclid Ave., Cleveland, OH 44106-7207)

Biomedical application of ultrasound has been advancing beyond diagnostic imaging. Innovative strategies of therapeutic appli-
cations of ultrasound have been exploited that utilize both thermal and mechanical effects generated by ultrasound. For ultrasound
mediated intracellular drug and gene delivery, ultrasound has been used to increase cell permeability transiently. We have developed
novel techniques to investigate the mechanisms of ultrasound-induced cell porosity or sonoporation in real time at the single cell level.
We studied the dynamics of sonoporation and correlation with delivery outcome in mammalian cells, bacteria, and tissues. Applica-
tions of high-intensity focused ultrasound (HIFU) include tissue thermal ablation and other applications. We have developed inter-
disciplinary techniques using real-time fluorescent imaging, acoustic radiation elastography, and optical coherent tomography (OCT)
techniques to study the changes of electrophysiology, mechanical, and optical properties of cardiac tissues during focal HIFU cardiac
ablation. [Work supported by NIH, ACS, and NSF.]

9:50

2aBB7. Enhanced drug delivery with ultrasound and engineered delivery vehicles. Katherine W. Ferrara, Mark A. Borden, Paul
A. Dayton, Azi Kheirolomoom, Dustin E. Kruse, Michaelann Tartis, and Aaron F. Lum (Dept. of Biomed. Eng., UC Davis 451 East
Health Sci. Dr., Davis, CA 95616)

We demonstrate that local drug delivery can be achieved by ultrasound, combined with engineered delivery vehicles, where the
vehicles have a diameter on the order of nanometers to microns. Delivery vehicles can be created from microbubbles with a thickened
shell or a lipid shell decorated with drugs, genes, or nanoparticles. Alternatively, liquid-filled nanoparticles can be employed to carry
the desired compound. Ultrasound can deflect these vehicles from the center of the flowstream, can fragment the vehicle releasing its
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contents, and may enhance the uptake of the particle or its contents by cells in the desired region. The ultrasonic mechanisms behind
these changes are summarized. The addition of targeting ligands to the shell to improve target specificity is also explored. Methods to
measure the effectiveness of local drug delivery, including correlative imaging modalities, binding assays, and cytotoxicity assays,
will be described. [The support of NIH CA 103828 is gratefully acknowledged.]

10:10-10:25 Break

10:25

2aBBS8. Tissue characterization using novel high-frequency models. Michael Oelze (Dept. of Elec. & Comput. Eng., Univ. of
Illinois at Urbana-Champaign, 405 N. Mathews, Urbana, IL 61801, oelze @uiuc.edu)

Conventional models for ultrasound tissue scattering at conventional ultrasound frequencies (less than 15 MHz) were insufficient
for differentiating between two kinds of solid tumors in mice that had clear morphological differences. F-tests on backscattered power
spectra from the two kinds of tumors revealed significant differences between the two curves for frequencies above 16 MHz. New
models were constructed to better reflect the ultrasonic interaction with underlying tissue structure. One model considered only the cell
nucleus as a dominant source of scattering. A second model, the whole cell model, considered the nucleus and cytoskeletal structure.
These models were used at high ultrasonic frequencies (16 to 70 MHz) to characterize the two kinds of tumors and compared with
scatterer estimates using a conventional model, the spherical Gaussian model. The nucleus model revealed significant differences
between the two kinds of tumors but scatterer estimates did not match the underlying structure as observed from optical photomi-
crographs. The whole cell model did not reveal significant differences but scatterer estimates matched underlying structure. [Work
supported by NIH Grant F32 CA96419 and start-up funds from the Department of Electrical and Computer Engineering at the
University of Illinois at Urbana-Champaign.]

10:45

2aBB9. Scattering of high-frequency ultrasound by cells and cell ensembles: In search of the dominant scattering source.
Michael Kolios (Dept. of Phys., Ryerson Univ., Toronto, Canada)

High-frequency ultrasound (HFU) imaging (in the range of 20—60 MHz) has been recently enabled by advances in transducer
technology and electronics. These high frequencies afford greater image resolution, on the order of 40 microns, at the expense of
penetration depth, limited to a few centimeters. The associated ultrasound wavelengths of HFU are 25—75 microns, on the order of the
size of cells. Therefore, it is hypothesized that at these frequencies ultrasound tissue characterization will provide more meaningful
information about the physical characteristics of cells and any changes that occur in their structure during cancer treatment. The late
Dr. Frederic Lizzi pioneered ultrasound tissue characterization and the seminal papers he published provided the impetus for this
work. Here, backscatter from individual cells and tightly packed cell aggregates of the same cells (emulating tumors) are examined
and compared to theoretical models of ultrasound backscatter. Recent work with a series of cells lines with different sizes and physical
characteristics will be presented. It will be shown that for in vitro and in vivo experiments, the backscatter signal characteristics best
correlate with nuclear size.

11:05

2aBB10. Automated coronary plaque characterization with intravascular ultrasound backscatter: In vivo and ex vivo
validation. D. Geoffrey Vince, Anuja Nair, M. Pauliina Margolis, Stacy L. Kirby, Jennifer J. E. Kuznicki (Volcano Corp., Advanced
Technology Lab., 9500 Euclid Ave., Cleveland, OH 44195 gvince@volcanocorp.com), Xiaofeng Wang, Barry D. Kuban (The
Cleveland Clinic Foundation, Cleveland, OH 44195), and James R. Margolis (Miami International Cardiology Consultants, Miami,
FL 33137)

Atherosclerosis is considered both a systemic and local disease. Current diagnostic tools do not allow adequate in vivo charac-
terization of lesions. Intravascular ultrasound (IVUS) backscatter analysis has displayed the potential for real-time plaque character-
ization by advanced spectral analysis. One hundred-fifteen plaques from 51 coronary arteries were imaged ex vivo at physiologic
pressure, using 20-MHz IVUS transducers. After imaging, the arteries were pressure fixed and matching histology was collected.
Regions were selected from histology and corresponding IVUS data were used to build the “VH” plaque classification system using
spectral analysis and classification trees. VH images were validated ex vivo by comparison with histology via 407 selected regions that
comprised 162 fibrous, 84 fibro-fatty, 69 necrotic-core, and 92 dense-calcium regions. The overall predictive accuracies were 92.9%,
93.4%, 94.3%, and 99.3% respectively, with sensitivities and specificities ranging from 84% to 99%. Reproducibility was assessed
ex-vivo and in vivo with two pullbacks of IVUS catheters in each. A semiparametric regression model and the #-test were used to
quantify reproducibility, which was high in each case. VH is a robust technique that provides accurate and reproducible information
on plaque composition, with considerable potential for assessment of plaque vulnerability in real time.

Contributed Papers

11:25

2aBB11. Discovery of the ring resonant frequency for noninvasively
estimating local elastic modulus of arterial wall. Xiaoming Zhang and
James F. Greenleaf (Mayo Clinic College of Medicine, 200 First St. SW,
Rochester, MN 55905, Zhang.xiaoming @ mayo.edu)

Increased stiffness of arteries has recently gained acceptance as an
independent risk factor for cardiovascular and many other diseases. Pulse
wave velocity (PWV) is widely used for estimating the stiffness of an
artery. However, PWV is an average indicator of artery stiffness between

3256 J. Acoust. Soc. Am., Vol. 119, No. 5, Pt. 2, May 2006

the two measuring points, and therefore does not identify local stiffness. In
addition, the thickness of the artery is needed to calculate artery elastic
modulus. We have discovered that there is a series of ring resonant fre-
quency in arteries that can be used for estimating local arterial elastic
modulus. These resonances can be excited by remote palpation with se-
lectively placed ultrasonic radiation force. Experiments on ring resonance
were carried out on an excised artery as well as a rubber tube. This family
of resonances occurs at relatively low frequency, around 356 Hz for the
artery. Estimation of the Young’s modulus is 135 kPa by the ring fre-
quency 356 Hz without the requirement of the arterial thickness. The
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estimated modulus is very consistent with the other ring resonant fre-
quency measurements. The theory of ring resonance is developed and
verified with the rubber tube experiments.

11:40

2aBB12. Imaging with high-frequency annular arrays. Jeffrey A.
Ketterling, Sarayu Ramachandran, Ronald H. Silverman (Frederic L.
Lizzi Ctr. for Biomed. Eng., Riverside Res. Inst., 156 William St., New
York, NY 10038), Orlando Aristizabal, and Daniel H. Turnbull (New
York Univ. School of Medicine, New York, NY 10016)

Frederic Lizzi helped pioneer the use of high-frequency ultrasound
(HFU) for ophthalmic imaging and disease diagnosis. A limitation of HFU
single-element transducers is their limited depth-of-field (=1 mm). One
approach to improve the DOF for HFU applications is to use annular
arrays. A five-element, 40-MHz annular array was developed for oph-
thalmic and small-animal imaging. The array consisted of a 9-um PVDF
film bonded to a patterned, copper-clad polyimide film. An experimental
system was assembled to permit the digitization of radio-frequency (rf)
data from the array. The rf data were collected from all transmit/receive
ring pairs and the data were later postprocessed. The performance of the
array was first validated with a wire phantom and then in vitro data were
acquired from excised bovine eyes and a cadaver eye. In vivo data were
acquired from an anesthetized rabbit and from mouse embryos. Image
comparisons were made between rf data that had been summed with no
delay corrections and rf data that had been processed with a synthetic-
focusing algorithm. Synthetic-focus images showed a clear improvement
in DOF in terms of image brightness and enhanced membrane and cavity-
boundary definition. [This research was supported in part by grants from
the NIH (EY014371 and NS038461).]

3257 J. Acoust. Soc. Am., Vol. 119, No. 5, Pt. 2, May 2006

11:55

2aBB13. Ultrasonic and magnetic-resonance spectra in tissue-type
imaging for planning and monitoring prostate cancer treatment.
Shreedevi Dasgupta, Ernest Feleppa, Jeffrey Ketterling, Sarayu
Ramachandran (Riverside Res. Inst., 156 William St., New York, NY
10038), Christopher Porter (Virginia Mason Medical Ctr., Seattle, WA),
and Fernando Arias-Mendoza (Columbia Univ., New York, NY)

No reliable method of imaging prostate cancer currently exists. These
prostate tissue-typing studies aim to improve the effectiveness of biopsy
guidance and treatment monitoring by developing better imaging methods
for identifying cancerous prostate tissue. Success will reduce the false-
negative rate of biopsies and treatment side-effects. Ultrasonic (US) radio-
frequency (rf) echo-signal data acquired during biopsy examinations were
used to compute spectral parameters. These spectral parameters along with
clinical parameters, e.g., PSA, were used to train a neural network classi-
fier using biopsy results as the gold standard. Cancer-likelihood scores
from a look-up table were used to generate tissue-type images (TTIs). The
ROC-curve area for US neural-network-based classification was 0.844
*+0.018 vs 0.638+0.031 for B-mode-based classification, and the sensi-
tivity of neural-network based classification was superior to that of
B-mode-guided biopsies. These classification methods are being extended
to include magnetic-resonance spectral (MRS) techniques that use the cho-
line to citrate ratio-to-distinguish cancerous from noncancerous prostate
tissue. 3D renderings of prostatectomy histology, US, and MR images
show encouraging correlations, and combining MRS parameters with US
spectral parameters appears to have potential to further improve prostate-
cancer imaging. [Work supported in part by NIH Grant CA053561.]
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TUESDAY MORNING, 6 JUNE 2006

Session 2aED

Education in Acoustics: Hands-On Experiments for High School Students

Uwe J. Hansen, Chair
Indiana State Univ., Dept. of Physics, Terre Haute, IN 47809

WATERPLACE ROOM (WESTIN), 10:00 A.M. TO 12:00 NOON

Students and senior scientists will staff experiment stations for local high school students who will perform the experiments. These students will thus be
exposed to a variety of acoustics principles and get some practical hands-on experience with a number of research tools. Regular ASA meeting participants
are welcome to the session as long as their participation does not interfere with student hands-on activities.

TUESDAY MORNING, 6 JUNE 2006

3258

Session 2aMU

Musical Acoustics: Scaling of Musical Intstrument Families

George A. Bissinger, Chair
East Carolina Univ., Dept. of Physics, Greenville, NC 27858

Chair’s Introduction—38:25

Invited Papers

8:30

2aMU1. Violin octet scaling revisited. George Bissinger (Phys. Dept., East Carolina Univ., Greenville, NC 27858,
bissingerg @mail.ecu.edu)

Schelleng employed only two major resonances to scale the violin to other pitch regions, creating the violin octet: the main air
(now labeled A0) to be placed at 1.5x and the main wood (B1, actually two modes) to be placed at 2.25x, the lowest string frequency.
B1 employed flat-plate scaling and an empirical relationship between plate mode frequencies and B1. Experimental modal analysis of
a complete octet showed flat-plate scaling for the corpus generally worked well, but AO scaling was unreliable, even with postassem-
bly modifications. Failure of the rigid-cavity Rayleigh relationship for AO originated from an obvious major omission, cavity wall
compliance, and one unobvious source, AO coupling with the next higher cavity mode A1, which emerged much later via Shaw’s
network model. Incorporating wall compliance into Shaw’s model greatly improved AO and Al predictions to within 10% over the
octet. Acoustical analysis combined with patch near-field acoustical holography showed that A1, via induced corpus motion, was the
most important radiator for the largest instrument in the main wood region and that the B1 modes, via net volume changes, can radiate
significantly through the f-holes, two radiation mechanisms never considered in Schelleng’s original scaling.

9:00

2aMU?2. Violin octet scaling: The practical side. Robert J. Spear (The New Violin Family Assoc., 42 Taylor Dr., Wolfeboro, NH
03894)

Schelleng’ scaling procedure attempts to place AO at ~1.5x and the first corpus bending modes at ~2.25x, the lowest string pitch.
An experiment to move AO into this position (also influencing A1), using the Stradivari model G as reference, helps produce the
characteristic sound of the violin in cases where B1 placement was not optimum. The experiments suggest that the model G worked
well for the signature modes of a classic violin, successfully scaling at least four instruments (mezzo, alto, tenor, and a small baritone),
but that instruments at the extremes—treble and soprano at one end of the scale and both basses at the other—will likely require a
refinement of the model G and placement of modes different from those of the reference violin and from each other. Scaling for
acoustics and scaling for size are not the entire answer since ergonomic demands are often at odds with both. Geometrical scaling is
essential for aesthetics and the uniform shape of the instruments, but it does not hold up well for rib heights, rib thicknesses, and
cavity air volumes. This experiment suggests that significant latitude of air and wood mode placement exists within which good results
can occur.
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9:30

2aMU3. Practical issues in designing strings for different-sized bowed instruments. Fan-Chia Tao (J. D’Addario & Co., P.O.
Box 290, Farmingdale, NY 11735, fan.tao@daddario.com)

The playing length and frequency of musical strings are fixed by the design of the instrument. The playing tensions of commer-
cially available strings for standard bowed instruments follow an approximately linear scaling law in relation to string length.
However, the string designer can adjust the playing tension to yield different results, and playing tensions have changed throughout
history as string technology and playing techniques have evolved. Another string property that can be varied by the string designer is
damping. Empirical data suggest that over a wide variety of bowed instruments and frequency ranges, strings with similar damping
give similar playing characteristics.

10:00-10:15 Break

10:15

2aMUd4. Scaling of reed instruments: The case of the saxophone family. Jean-Pierre Dalmont, Bruno Gazengel (Laboratoire
d’Acoustique de I’Universit’e du Maine, 72085, Le Mans cedex 9, France, jean-pierre.dalmont@univlemans.fr), and Jean Kergomard
(CNRS, Marseille Cedex 20, France)

2a TUE. AM

The saxophone family is one of the most extended musical instruments family from the contrabass to the sopranino. The timbre
of these instruments is unmistakable: there is a small probability to mix up a saxophone with an oboe or a bassoon. Now a question
is: What is so specific in the timbre of the saxophones? Notes of various saxophones are recorded, analyzed, and compared with those
of other instruments such as the oboe. More specifically, the transient duration and the formant frequency are determined. Then, the
question which physical parameters influence the transient duration and the formants is studied. The influence of geometrical param-
eters such as the cone angle and the length of the cone truncation will be discussed.

10:45

2aMUS. Scaling of flutelike instruments : An analysis from the point of view of the hydrodynamic instability of the jet. Benoit
Fabre, Nicolas Montgermont, and Johan Gabriels (Lab. for Musical Acoust., LAM, Paris 6 Univ., Paris, France)

The sound produced by musical instruments of the flute family is the result of the efforts of the instrument maker as well as those
of the player. For instance, different instruments of a recorder consort show, on one hand, dimensions optimized by the maker for their
individual compass as well as for a global identity and coherence of the whole consort. On the other hand, the players have to adapt
their blowing to each instrument of the consort. Therefore, the study of the different instruments has to include the geometry given by
the maker as well as the required blowing conditions. The study reported here presents data gathered on different flute families: the
geometries and the instrument passive resonances are studied together with the behavior of the instruments under artificial blowing
and, finally, under the control of a musician. The analysis of the data in terms of the jet hydrodynamic instability offers an efficient
framework to describe the choices of the maker and the adaptation of the player.

Contributed Papers

11:15

2aMU6. A new family of stringed musical instruments. Sophie Léger
and Samuel Gaudet (Dept. of Mathematics, Univ. de Moncton, Moncton,
NB, E1A 3E9 Canada)

A new family of stringed musical instruments will be introduced. The
Tritare™ is the first member of this new family and has evolved from the
mathematical analysis of the vibrations of networks of strings [Gaudet
et al., J. Sound & Vib. 281, 219-234 (2005)]. It is a guitarlike instrument
that uses six networks of three string sections (Y-shaped networks) instead
of the classical single strings. The sounds that it produces can be more or
less harmonic depending on the string attack conditions and the physical
configurations of the string networks. A method of customizing the fre-
quency spectrum to contain desired harmonic components will be demon-
strated. A numerical model, which uses finite differences, used to simulate
the 3D nonlinear vibrations of more complex string networks involving
several string sections and junction points will also be described. The
harmonic analysis of the frequency spectra resulting from the numerical
simulations and experimental measurements will be presented, as well as
network configurations which produce very unique and interesting tone
colors. Some of these configurations form the basis for a new family of
stringed musical instruments. The presentation will include a demonstra-
tion of the Tritare™.

3259 J. Acoust. Soc. Am., Vol. 119, No. 5, Pt. 2, May 2006

11:30

2aMU7. Scaling of brasswind instruments. Robert W. Pyle, Jr. (11
Holworthy Pl., Cambridge, MA 02138, rpyle@post.harvard.edu) and
Arnold Myers (Univ. of Edinburgh, Edinburgh EH8 9AG, UK)

Consider two musically similar brasswind instruments pitched an oc-
tave apart, like trumpet and trombone. The steady-state tones of the trum-
pet, shifted downwards in pitch an octave by playing a recording at half
speed, sound very similar to those of the trombone. The bore shape of the
trumpet, however, is not a half-size dimensional replica of that of the
trombone. The trumpet bell is about half the size of the trombone bell, but
the narrower parts of the trumpet are considerably more than half the
diameter of the corresponding parts of the trombone. Acoustic impedance
measurements show the Q of air-column resonances to be similar in both
trumpet and trombone. This is consistent with the dimensions of the in-
struments, combined with the dependence of viscous and thermal damping
on tubing diameter and frequency. (Viscous and thermal damping domi-
nate radiation damping throughout the normal playing range.) These ob-
servations suggest that a plausible scaling law for a family of brasswinds
would preserve the pitch-shifted spectrum and the Q of the resonances
across members of the family. How well (or poorly) brass makers follow
this in practice will be shown from measurements of dimensions and
acoustic input impedance on a variety of instruments.
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Session 2aNSa

Noise and Architectural Acoustics: Audio-Visual Design in Soundscapes I

Brigitte Schulte-Fortkamp, Cochair
Technical Univ. Berlin, Inst. of Technical Acoustics, Einsteinufer 25, 10587 Berlin, Germany

Bennett M. Brooks, Cochair
Brooks Acoustics Corporation, 27 Hartford Turnpike, Vernon, CT 06066

Chair’s Introduction—9:30
Invited Papers

9:35

2aNSal. Soundscape measurement and analysis. Klaus Genuit (HEAD Acoustics GmbH, Herzogenrath, Germany) and Wade
Bray (HEAD Acoustics, Inc., Brighton, MI 48116)

Soundscapes typically include a variety of sources, with individual and collective attributes (level, spectral structure, time struc-
ture, and perceived characteristics such as loudness, sharpness, fluctuation, and roughness). Relevant sound sources impinge on
listeners from multiple directions and distances. Examples will be given of large differences between conventional and psychoacoustic
values as a function of distance, and of multi-source summations. As an example, the subjective loudness difference for sound
incidence over a small versus large solid angle for a constant sound pressure level and spectrum is known. Individual-source-relevant
information, important in context, may be unrecognized unless spatial hearing is included in soundscape assessment. A demonstration
of binaural versus monaural soundscape data acquisition, and subsequent analysis by both conventional and psychoacoustic measures
considering human perception including time dependency, will be given. Evidence will be presented for considering human hearing
not only in the analysis, but also in the acquisition.

9:55

2aNSa2. Soundscape measurement in an urban area. Brigitte Schulte-Fortkamp (TU-Berlin, Einsteinufer 25, 10587 Berlin,
Germany)

This presentation is about a demonstration of soundscape evaluation of an urban area with respect to measurements and interviews.
In a recent field study in Berlin, indoor and outdoor measurements were carried out in a residential area in which inhabitants were
complaining about noise and vibration due to heavy traffic over day and until late at night. In this context, the question of the
appropriate positioning and calibration of the measuring devices in indoor and outdoor measurements was very important. The
measurement procedure as well as procedures which determine how to conduct interviews will be described and discussed by taking
into account how to make progress in measuring soundscapes. Moreover, the focus will be on necessary contributions to a measure-
ment which usually deals with dB(A) and lacks psychoacoustical measuring factors.

10:15

2aNSa3. Traditional measurement methods for characterizing soundscapes. Bennett M. Brooks (Brooks Acoustics Corp., 27
Hartford Turnpike, Vernon, CT 06066, bbrooks @brooksacoustics.com)

A soundscape may be defined as the acoustical environment at an outdoor location. The physical sound occurring at the location
may be from natural or man-made sources, or both. Perception of the soundscape can provide comfort and needed information to the
listener, or may be annoying. The existing soundscape may be subject to design modifications for a variety of purposes. The goal
could be to protect or enhance some sounds, such as the laughter of children and chirps of wildlife in a park, or the speech in an
amphitheater. Conversely, the goal may be to reduce or eliminate unwanted sounds, such as transportation or industrial noise.
Engineering and aesthetic soundscape design may proceed based on the characterization of the acoustical environment. The sound-
scape can be characterized by a number of measured acoustical parameters. Traditionally, these parameters have included A-weighted
sound level, spectral content, sound-level statistics and averages, alone or in combination, and sound-level time history. Listener
perceptions and nonacoustical parameters, such as time of day or year, community relevance, and listener attitudes may also be
applied to soundscape characterization and design. Examples of several different soundscapes, their characterizations, and proposed
design modifications will be discussed.

10:35

2aNSad. Documenting visual context for soundscapes. Tim Lavallee (LPES, Inc., 14053 Lawnes Creek Rd., Smithfield, VA
23430), Vincent Catania (38 Temple St., Boston, MA 02114), and Robert Kull (Parsons, Norfolk, VA 23502)

There are several considerations to make when documenting a given soundscape. Not only is the technical sound information
important, but the space, receptor, and visual context are important as well. This is primarily important in furthering the ability of
sound and soundscape professionals to communicate with architects, planners, and other engineers—and vice versa. A portable digital
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recording system was assembled and used along a high-end digital camera to document a range of soundscapes. These tests were
preformed in urban, suburban, and rural areas at different times and in different contextual settings. Both visual and audio information
of a locale were documented. Although this method can be simple or complex, the combination of these two components highlights
the human factors that are present for a given soundscape. This will be a discussion of the portable equipment and a presentation of
sound recordings, spectra, and photographs of a range of soundscapes. The variety and complexity of soundscapes and the benefits of
visual clues to add depth to a given documentation effort will be highlighted.

Contributed Papers

10:55

2aNSaS. Soundscape analysis and acoustical design strategies for an
urban village development. Youngmin Kwon, Pattra Smitthakorn, and
Gary W. Siebein (Architecture Technol. Res. Ctr., School of Architecture,
Univ. of Florida, 134 ARCH, P.O. Box 115702, Gainesville, FL 32611,
ymkwon@ufl.edu)

Overall establishment of an acoustical landscape (soundscape) would
be the fundamental source of sonic information that is useful in initiating
urban design and planning strategies. A soundscape analysis was con-
ducted in conjunction with an urban transportation and community design
project targeting the western section of Gainesville, FL. The community
was acoustically characterized and analyzed by means of quantitative
measurements and qualitative assessments by observation. The measure-
ments included instantaneous, 1-min short-term and 24-h long-term mea-
surements. The parameters involved in these measurements are
A-weighted average Lp, Leq, Lmax, Lmin, and LDN. The overall sonic
environment of the community as well as the types of sounds that are
desirable and noises that are not desireble in the existing and future con-
texts were identified. The results showed that the community was domi-
nated mostly by traffic noise from several major thoroughfares and by
occasional fire alarm noise. Finally, methods or strategies to reduce,
buffer, and mitigate the undesirable sounds and to preserve the desirable
sounds were suggested. The addition of new characteristics to the sound-
scape, such as people activity sounds and ‘“‘natural” sounds, were also
proposed. The application of acoustical urban design strategies to the spe-
cifically proposed urban transportation design plans was further analyzed.

11:10

2aNSa6. Territoriality and sound delimitation of urban space. Cobis
Rabah Derbal and Hamza Zeghlache (BP 12 SMK, Constantine 25003,
Algeria, cobis.derbal @free.fr)

Whether the urban space is physically materialized or abstracted it is
often delimited by perceptive and sociocultural relations. In the present
methodological approach, urban space is supposed to be modulated in its
delimitation by qualitative and quantitative criteria of its noise environ-

ments. This introduces clearly the concept of sound delimitation and of
noise environment territoriality. One can notice that sound phenomena are
very present and are marking the social practice and behavior in urban
spaces and give them a very specific sonority. Just like the visual or so-
ciocultural aspects, the sonority of the public place or the urban noise
environment marks their territoriality and spatiality by creating a whole
sound environment characteristic of dimensions and forms of the space.
The urban noise can thus be an element of marking, connecting, breaking,
or structuring spaces which are morphologically and visually irreconcil-
able. One can speak about sound delimitation of urban space beyond its
morphological limits. That delimitation can well articulate the social prac-
tice of urban space to its dimensional aspect. The study put out the concept
of acoustic space in opposition to morphological space which it is inevi-
tably necessary to reconcile in order to better practice the urban space.

11:25

2aNSa7. Recomposition of the urban sonic environment. Cobis Rabah
Derbal and Hamza Zeghlache (BP 12 SMK, Constantine 25003, Algeria,
cobis.derbal @free.fr)

Acoustics-related considerations are taken to be secondary in most of
the design processes of public places. This fact always leads to an unpre-
dictable noise and urban sonic environment around such spaces. Studies
have shown the importance of the noise and the quality of the urban sonic
environment in the social practice and in the daily use of public places.
These places strongly mark the degree of dynamism of the urban structure
of our cities and are often subjected to a very complex situation of noise
nuisance. The main aim of the study is to introduce a source of noise that
might have an effect of recomposing positively a deficient sonic environ-
ment of such places. This approach is also to try to restore the sound in its
utilitarian and practical function and to articulate the perception of the
spatial and temporal aspects of the public place. It could be an element of
transforming urban noise into a peaceful soundscape. A fountain turned
out to be that sonic source and it can be easily introduced in the urban
environment around the public places. It is a sort of urban instrumentation
used in order to recompose or requalify an urban noise environment.

11:40-12:00
Panel Discussion

Session participants meet in room 554AB for experimental field measurements

1:00-3:00
Experimental field measurements conducted

Note: Panel discussion will be held in Session 2pNSb at 3:00 p.m.
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Session 2aNSb

Noise, Education in Acoustics, Engineering Acoustics, and Architectural Acoustics: Essential Acoustical
Curriculum for Noise Control Techniques for Engineers, Industrial Hygienists, and Architects

William J. Murphy, Cochair
NIOSH, 4676 Columbia Pkwy., Cincinnati, OH 45226-1998

Ralph T. Muehleisen, Cochair
Lllinois Inst. of Technology, Civil and Architectural Engineering, 3201 S. Dearborn, Chicago, IL 60616

Chair’s Introduction—8:50

Invited Papers

8:55

2aNSb1. Essential elements of acoustical curricula for noise control engineers. Robert J. Bernhard (Ray W. Herrick Labs.,
Purdue Univ., 140 S. Intramural Dr., West Lafayette, IN 47907, bernhard @purdue.edu)

Because the supply of noise control and acoustical engineers is small, many of the noise control practitioners practicing in general
mechanical engineering fields are retrained on the job. These practitioners are often capable in the area in which they are mentored but
lack sufficient background to move to new areas. In order to address a broad range of noise control issues, an engineer must be
comfortable to work in waves, or modes, or dBese (engineering controls). The essential curriculum for engineering practitioners
would include a foundation in each of these approaches as well as the analytical, computational, and experimental background upon
which to build engineering solutions. This presentation will include discussion of how these objectives can be met at the undergradu-
ate level, at the graduate level, and through continuing education.

9:25

2aNSb2. The need for an essential acoustics curriculum and its delivery via distance education. Victor W. Sparrow, Anthony A.
Atchley, Karen P. Brooks, and Gerald C. Lauchle (Grad. Program in Acoust., Penn State, 214 Appl. Sci. Bldg., University Park, PA
16802, vws1 @psu.edu)

Many individuals have identified a need to better educate engineers, industrial hygienists, and architects with an essential acous-
tical curriculum including noise control techniques. There are less than a dozen major programs training these individuals, and
demand far exceeds the supply of education suppliers. One effective method of providing education to busy professionals who
otherwise would not be exposed to an essential curriculum is distance education. Approximately 10 years ago Penn State developed
a series of noise control engineering courses delivered through CD-ROM. Now with DSL and cable modems more common, full
motion video streaming is a preferred delivery method. Students currently take graduate level courses in acoustics at Penn State via
resident education, continuing education, and distance education. There is no reason why an essential acoustical curriculum could not
be delivered similarly. One benefit of video streaming is an opportunity for both live and archived lecture material. Students can attend
live recitation sections while retaining the ability to see archived material on demand. Technology such as high-bandwidth connec-
tions, inexpensive webcams, and microphones also allows two-way audio and video for direct student-instructor interaction.

9:55

2aNSh3. The acoustical education of an architect. Gary Siebein (School of Architecture, Univ. of Florida, 625 NW 60th St., Ste.
C, Gainesville, FL 32607)

Sound can provide valuable contributions to the education and practice of architecture. First, architecture students should develop
a theory of how sound and other environmental systems can become part of a larger theory of the making of architecture. Second,
architects are trained to have highly developed sensibilities in the aesthetic design of space. Expanding the aesthetic component of
buildings and environments to include the aural environment has the potential to enrich the fabric of communities and buildings.
Third, architecture students must become acquainted with the materials, analytic techniques, and design approaches that acoustical
consultants use. Furthermore, for acoustical information to become an integral part of architectural design and education, it must be
organized in a way that allows expression or poesis to occur because these aesthetic principles are the building blocks of architectural
design. Therefore, the science and engineering principles of noise control and architectural acoustics must be transformed into material
that can become spatial, visual, and manipulable in creative ways by a design team. This requires that the basics of acoustics be
reformulated in an architectural manner. This paper will address several of the transformations that have been attempted in the
architectural curriculum at the University of Florida.
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10:25-10:40 Break

10:40

2aNSb4. Acoustics curriculum for architectural engineers. Ralph T. Muehleisen (Civil and Architectural Eng., Illinois Inst. of
Technol., 3201 S. Dearborn, Chicago, IL, 60616, muehleisen@iit.edu)

As building design and technology increase in complexity, the need to consider acoustics in the design also increases. For decades,
architects have relied on engineers for the design of structural, mechanical, electrical, and lighting systems of buildings, and are
increasingly relying on engineers for the design of high-efficiency building enclosures and natural lighting systems. At the same time,
building systems have become increasingly integrated, and good design of the building systems requires a very interdisciplinary
education. These needs have given rise to the formal discipline known as architectural engineering (AE). With education in architec-
ture, structures, building systems, and construction management, the architectural engineer is uniquely qualified to begin a career as
an acoustical consultant. There are now over a dozen ABET-accredited AE programs throughout the country and most offer at least
some education in architectural acoustics and noise control. In this talk, the requirements of an acoustics education for architectural
engineers are outlined and the curriculum of several AE programs is presented.

11:10

2aNSb5. Industrial noise control engineering principles and standard practices applicable to engineers and industrial
hygienists. Robert R. Anderson (James, Anderson & Associates, Inc., 2123 University Park Dr., Ste. #130, Okemos, MI 48864)

Industrial organizations have accepted the notion that noise control is no longer 100% of one person’s responsibility, but a
collaborative effort among engineers and industrial hygiene professionals. Proven noise control measures exist and are commercially
available for many industrial noise sources. There are also noise control concepts and techniques that can be adopted by maintenance
and other personnel as standard practices. Awareness of the elements of noise control engineering can offer benefit in areas such as
equipment procurement, workplace risk assessment, and manufacturing program planning. The focus of this presentation is to discuss
the elements of noise control engineering that manufacturing engineers and industrial hygiene professionals would need to apply out
of their university education into practice, and the benefits that would be derived from this information.

2a TUE. AM

11:40-12:00
Panel Discussion

TUESDAY MORNING, 6 JUNE 2006 ROOM 550AB, 9:00 TO 11:45 A.M.

Session 2aPA

Physical Acoustics: Outdoor Sound Propagation

Richard Raspet, Cochair
Univ. of Mississippi, National Ctr. for Physical Acoustics, Coliseum Dr., University, MS 38677

James P. Chambers, Cochair
Univ. of Mississippi, National Ctr. for Physical Acoustics, Coliseum 