THE NX CLARINET, 1983

Material used for four talks that A. H. Benade gave in 1983 about his NX clarinet design:

February 11, 1983 Massachusetts Institute of Technology

April 7, 1983 Case Western Reserve University

May 13, 1983 Acoustical Society of America, spring meeting
September 16, 1983 Oberlin College

Abstracts for all four are included here, plus transparencies. Because there are subtle differences in
the abstracts, all four are given here.

The set of 14 transparencies were made for the MIT talk, and probably the entire set was shown at
the next two presentations. However, for the talk in the fall, where the audience was mainly music
students, 5 of the transparencies were redrawn to use slightly more informal terminology and to
emphasize playing, rather than physics. The introductory slide from the first set was also used,
unchanged.



MIT Department of Mechanical Engineering, 11 February 1983
THE PHYSICS OF A NEW CLARINET
Arthur H. Benade, Case Western Reserve University, Cleveland, OH

The clarinet (or other woodwind) player demands smoothness of response, wide dynamic range, clean
articulation, good carrying power, stability of pitch, and suitable tone color from his instrument. In
the past few years it has become possible to systematically relate these musical virtues to the
acoustical properties of the instrument. Acoustically the instrument is an oscillator with nonlinear
feedback, giving coupled production of energy at several frequencies, and having wide-band radiation
and dissipation behavior governed by a nonperiodic lattice of open and closed holes on a subtly
shaped air column.

Cooperation between scientist, craftsman and musician has led to the development of dependable
procedures that guide the adjustment of instrument proportions. It has also deepened our
understanding of the musical and acoustical nature of early instruments. This in turn has suggested
new avenues of scientific inquiry, and new ways to mitigate traditional shortcomings of the instrument
itself.

The first part of the talk will briefly outline these matters with the help of various "player’s
demonstrations." The basic features of a new clarinet design will next be described and

demonstrated. This instrument came into being with a two-fold purpose: to force the
scientific/engineering issue of whether it is indeed possible to produce a design "in cold blood" and, if
S0, to provide the musician with a workable instrument requiring little change in his technique, but
which reduces the problems and strengthens the virtues of his familiar clarinet. Such a design proves
possible. It is not difficult to make and maintain, and it is very forgiving of reeds. Players tend to
respond to it with enthusiasm.



COLLOQUIUM

THE PHYSICS OF A NEW CLARINET DESIGN

7 April 1983, Physics Department, Case Western Reserve University
Room 301, Rockefeller Bldg.
Coffee will be served at 4:00 P.M.

The clarinet (or other woodwind) player demands smoothness of response, wide dynamic range, clean
articulation, good carrying power, stability of pitch, and suitable tone color from his instrument. In
the past few years it has become possible to systematically relate these musical virtues to the
acoustical properties of the instrument. Acoustically the instrument is an oscillator with nonlinear
feedback, giving coupled production of energy at several frequencies, and having wide-band radiation
and dissipation behavior governed by a nonperiodic lattice of open and closed holes on a subtly
shaped air column.

The first part of the talk will briefly outline these matters with the help of various "player’s
demonstrations.” The basic features of a new clarinet design will next be described and

demonstrated. This instrument came into being with a two-fold purpose: to force the
scientific/engineering issue of whether it is indeed possible to produce a design "in cold blood" and, if
$0, to provide the musician with a workable instrument requiring little change in his technique, but
which reduces the problems and strengthens the virtues of his familiar clarinet. Such a design proves
possible. The instrument is mechanically simple, full toned and docile, requiring little adaptation by
the player. The good features of early nineteenth-century clarinets (bell taper, bore and register-hole
relation, and low complex-flow interaction effects) had a major influence on the design of this
instrument, whose adjustment was guided by formal playing-condition diagnostic techniques.



OBERLIN COLLEGE
CONSERVATORY OF MUSIC

September 16, 1983

The Musical Physics of a New Clarinet Design
Professor A. H. Benade

Case Western Reserve University

The clarinet (or other woodwind) player demands smoothness of response, wide dynamic range, clean
articulation, good carrying power, stability of pitch, and suitable tone color from his instrument. In
the past few years it has become possible to systematically relate these musical virtues to the
acoustical properties of the instrument. Acoustically the instrument is an oscillator with nonlinear
feedback, giving coupled production of energy at several frequencies, and having wide-band radiation
and dissipation behavior governed by a nonperiodic lattice of open and closed holes on a subtly
shaped air column.

The first part of the talk will present a nontechnical outline of these matters with the help of various
“player’s demonstrations." The basic features of a new clarinet design will next be described and
demonstrated. It provides the musician with an instrument which reduces the problems and
strengthens the virtues of his familiar clarinet. It is mechanically simple, full toned and docile,
requiring little adaptation by the player. The good features of early 19th-century clarinets (bell taper,
bore and register hole relation, and low complex-flow interaction effects) had a major influence on the
design of this instrument, whose adjustment was guided by formal playing-condition diagnostic
techniques.



FRIDAY MORNING, 13 MAY 1983 BAMBOO ROOM A & B, 8:00 TO 11:30 A M.

Session MM.-Musical Acoustics II: General

9:05

MM4. Musical/acoustical design of the NX clarinet. A.H. Benade
(Case Western Reserve University, Cleveland, OH 44106)

A simple, failsafe mechanism separates the B4b tone hole function
from that of a single register hole. This permits redesign of the
clarinet’s acoustics as follows. Accurate alignment ( < 5¢) of mode 1
and mode 2 resonances over the entire low register scale becomes
possible, assuring good tone and response in the low register. The
register hole is sized such that the "off-node" pulling up of pitches at
both ends of the second register scale just offsets the effect of
embouchure slackening needed to give best tone and response via
reed resonance effects. Register hole dissipation is also reduced. A
suitable taper angle plus a set of small vent holes lower down, let the
conical bell function as an accurate impedance and radiation surrogate
for an extended tone hole lattice. Dissipation via adjacent-hole, and
hole entrance-exit interaction effects and turbulence are minimized by
systematic relocation of holes at the upper end (zigzag around the
tube), by reproportioning for maximum tone hole length/diameter
ratio on all holes (especially at the lower end of the bore), and by
systematic rounding of all sharp edges on the tone hole and joints.
The instrument is mechanically simple, full toned and docile,
requiring little adaptation by the player. The good features of early
19th century clarinets (bell taper, bore and register hole relation, and
low complex-flow interaction effects) had a major influence on the
design of this instrument, whose adjustment was guided by formal
playing-condition diagnostic techniques.

J. Acoust. Soc. Am. Suppl. 1, Vol. 73, Spring 1983 105th Meeting: Acoustical Society of America S84
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