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4pMU9. Comparing time varying directivity of musical instruments
across different musical motifs. Madeline A. Davidson, Kristin Hanna,
and Lily M. Wang (Durham School of Architectural Eng. and Construction,

Univ. of Nebraska-Lincoln, 1110 S. 67th St., Omaha, NE 68182-0816,
madeline.davidson@huskers.unl.edu)

The directionality of a musical instrument can vary in time quite signifi-

cantly as the instrument is used to play a musical piece, but this behavior
has not been well-quantified or compared across instruments and musical

motifs in previous research. Prior work conducted at the University of
Nebraska has proposed quantifying this behavior by seeing how directional
characteristics vary in time using overlapping one-second windows. The

analyses were conducted on twenty-second long sections from 13-channel
anechoic recordings of three solo instruments (flute, violin, and trombone).
Maximum directivity index plots across time and space were produced to

quantify and examine the time-varying directional characteristics. In this
presentation, these previous results are compared against more recent results

obtained from five-channel anechoic recordings of all instrument parts of
both a Mozart and a Brahms symphony. The effects of reducing the time
window of analysis from one second down to half-second and quarter-

second time windows are also examined. Special attention is paid to how
the proposed quantifiers for time-varying directivity are impacted by aspects

such as tempo and dynamics in these musical compositions.

4:00

4pMU10. Effects of pitch, intensity, and timbre on frequency masking.
Song Hui Chon and David Huron (Ohio State Univ. School of Music, 1866

College Rd., Columbus, OH 43210, chon.21@osu.edu)

It has been widely known that the four main factors of music—pitch,
timbre, duration, and loudness—are not independent. One comes to wonder

how these four factors will affect frequency masking, which has tradition-
ally been explained with the cochlear responses to pure tones or narrowband

noises. As a first step toward understanding these interactions, the mutual
masking effects of two concurrent non-unison tones were investigated. A

MATLAB simulation was implemented based on the psychoacoustic model

in Bosi & Goldberg (2003). As the degree of masking would obviously
depend on factors such as pitch, timbre, and intensity, we considered 81

pitches (B0 to G7) in three timbre categories (pure tone, uniform, and aver-
age timbre). For each timbre category, 15 levels of amplitudes were consid-
ered to examine the effect of intensity. A preliminary analysis shows that

the chance of the higher pitched tone masking the lower pitched tone might
change depending on the pitch, timbre, and loudness. The findings will be
discussed with the implications on the interpretation of high voice superior-

ity on the preference of melodies on the highest part in music.

4:15

4pMU11. Demonstration of nonlinear mode coupling in woodwind-like
air columns: Recollections from the laboratory of A. H. Benade. Stephen
C. Thompson (Graduate Program in Acoust., The Penn State Univ., N-249
Millennium Sci. Complex, University Park, PA 16803, sct12@psu.edu) and

Peter L. Hoekje (Phys. and Astronomy, Baldwin Wallace Univ., Berea,
OH)

Self sustained oscillations in woodwinds are generated by the player’s

blowing pressure, through the interaction of the standing wave in the air col-
umn, the dynamic motion of the reed and the air flow through the reed. In

properly designed instruments, the oscillation begins at a threshold blowing
pressure near the frequency of an air column resonance. With increased
blowing pressure, the amplitude grows and the flow nonlinearity generates

harmonics of the playing frequency. The nonlinearity couples the steady
state components of the tone. The coupling dictates behaviors that cannot be

explained by a linear model. When A. H. Benade came to understand this in
the early 1960s, he developed a “tacet horn” whose unplayable behavior
could only be explained by the nonlinear theory [Benade and Gans, Ann.

N.Y. Acad. Sci. 155, 247–263 (1968)]. Throughout his life, Benade used
other pathological air columns for research and pedagogy. This paper will

demonstrate two of Benade’s concepts with air columns that are simple to
build. One is a clarinet-like tube that can play softly near threshold, but can-
not be played louder. The other is a conical tube that plays only at high

amplitude.
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This session builds on the session 4aNS at which research and technical background useful toward the development of the wind turbine
acoustic emissions agenda will be presented. Session 4pNS will consist of panelists along with audience participation with the purpose

of developing the start of a draft research agenda. Invitees, to the best of our abilities, will include all interested parties, including rele-
vant agencies from the United States and Canada, medical practitioners, other research professionals, and acoustical consultants with
wind turbine acoustic emissions experience.
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